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Executive Summary

In 2006, the Maine Department of Marine Resources received a 6-year grant from NOAA’s Office of Protected
Resources to work in collaboration with the Massachusetts Division of Marine Fisheries and New Hampshire
Fish and Game Department to document the status of and develop conservation strategies for Atlantic sturgeon
(Acipenser oxyrinchus oxyrinchus), rainbow smelt (Osmerus mordax), and Atlantic salmon (Salmo salar)
(NAO6NMF4720249). At the time, each was federally listed as Species of Concern in the Gulf of Maine —
rainbow smelt were listed as a Species of Concern in 2004, Atlantic salmon in 1997, and Atlantic sturgeon in
1988. Since the project began, Atlantic salmon and Atlantic sturgeon have been listed under the federal
Endangered Species Act (ESA) in the Gulf of Maine, in 2009 and 2012, respectively. The grant obligations
were amended in 2008 to remove Atlantic salmon from this project plan due to budget reductions and
impending listing under the ESA. This final report provides first a summary of key elements of the project and
also an appendix containing all technical reports, outreach publications, management plans, and other products
completed under this grant.

Work on rainbow smelt focused on several objectives:
1) Documenting range contraction and range-wide population declines based on historical data and
accounts,
2) Evaluating the status of rainbow smelt populations in the Gulf of Maine region,
3) Developing a population index to track the strength of spawning runs,
4) Assessing a range of potential threats to rainbow smelt populations, and
5) Proposing management actions to help conserve rainbow smelt throughout the Gulf of Maine region.

Work on Atlantic sturgeon focused on:

1) Reviewing the basic biology of Atlantic sturgeon,

2) Compiling detailed information from research on Atlantic sturgeon in the Gulf of Maine for
the period 1977-2001 and 2009-2012,

3) Assessing movements with the Kennebec River and Merrymeeting Bay, identifying key
habitats in this river and estuary complex, and increasing the sample size for genetic
analysis, and

4) Summarizing the status of the Gulf of Maine Atlantic sturgeon, identifying threats, and
recommending management actions.

Objective 1 - Establish an Inter-Agency Species of Concern Technical Advisory
Committee

Activity 1 - Technical Advisory Committee - Year 1

The Technical Advisory Committee (TAC) was established in 2007 and includes scientists for all three species
originally named under this grant (Atlantic salmon, Atlantic sturgeon, and rainbow smelt). Though work on
Atlantic salmon was removed from the project description in 2008, all original TAC members continued to
provide guidance and input throughout the project period. These members are:

Maine Department of Marine Resources (ME DMR):
Seth Barker*, Habitat Scientist
Claire Enterline*", Diadromous Species Scientist (rainbow smelt lead)
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John Sowles*", Ecology Division Director (Retired in 2010 but remained active on TAC)
Joan Trial, Diadromous Species Biologist (Atlantic salmon lead)
Gail Wippelhauser , Diadromous Species Scientist (Atlantic sturgeon lead)

Maine Department of Inland Fisheries and Wildlife (ME IFW):
Merry Gallagher, Freshwater Fisheries Scientist

New Hampshire Fish and Game Department (NHFG):
Jessica Carloni*, Fisheries Scientist
Douglas Grout, Marine Division Director
Cheri Patterson, Marine Program Supervisor

Massachusetts Division of Marine Fisheries (MA DMF):
Matthew Ayer*, Recreational Fisheries Scientist
Bradford Chase*, Diadromous Species Scientist
Scott Elzey*, Ageing Lab Manager
Christopher Wood*, Project Technician

University of Maine, Gulf of Maine Research Institute (GMRI):
Katherine Mills*, Diadromous Species Scientist (formally with NHFG)

A Subcommittee on Rainbow Smelt (SRS) was also established in 2007 (members of the SRS are listed above
with a (*) following their name). A Subcommittee on Atlantic Sturgeon (SAS) was established in 2008
(members of the SAS are listed with a (") following their name).

Past progress reports have included meeting summaries, and are not included in this final report. All past reports
are available at http://www.maine.gov/dmr/smelt/index.htm. The following describes the meeting frequency of
each group and major milestones accomplished by each group.

While the full TAC group did not meet regularly, the members were in frequent contact to review field
protocols, data analysis techniques, results, reports, and management implications. All reports (including the
species conservation plans) were vetted through the entire TAC before release.

The full TAC met at the commencement of the grant in February 2007 to determine specific project tasks,
timelines, desired outcomes, and a working plan for utilizing the expertise of each member of the group. An
unpublished web link was created to share information between Pls (http://www.maine.gov/dmr/rm/smelt/).
This page was recently revised for public consumption, and includes all previous grant reports for this project,
as well as methods and field protocols, technical reports, the smelt conservation plan, presentations, and other
smelt species information (http://www.maine.gov/dmr/smelt/index.htm).

The full Species of Concern Technical Committee (SOCTAC) met again in January, 2011 following the Fourth
North American Workshop on Rainbow Smelt to briefly summarize work to date and discuss future work both
under this grant and efforts beyond the grant. The group discussed research that was presented during the
workshop, specifically work performed by the Canadian DFO that used various methods (ichthyoplankton
sampling, using tiles to collect eggs, adult spawn timing) to identify smelt spawning locations in a large river
system (the St. Lawrence River). While we have identified spawning locations in the U. S. Gulf of Maine that
occurs in smaller rivers and streams, we have not identified the timing and location of spawning in large rivers
(Merrimack, Kennebec, Penobscot, St. Croix rivers). Work towards this end is currently being completed on the
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Penobscot River by the NOAA field office as part of a larger project (the Penobscot River Restoration Project)
— the group collaborating on this effort to share data, methods, and information. Members of the smelt and
sturgeon subgroups briefly described work-to-date, remaining work under the current grant, and questions that
would remain unanswered. We identified possible directions for future research and management including
restoration projects and assessment, the impacts of sea level rise on smelt and sturgeon spawning habitat, and
the effects of warming ocean temperatures on smelt movements and physiology.

The Sub-group on Rainbow Smelt (SRS) met frequently, holding biannual meetings to discuss the upcoming
field seasons (late winter meetings) and results and implications (late summer meetings). The group also met in
the field each spring to practice new survey techniques (e.g., water velocity monitoring) to ensure all samples
were being conducted in a standard way, following the Quality Assurance Program Plan adopted by the group
(Chase 2010). Early in the project (October and November 2007 meetings), the group adopted standard field
methods to monitor spawning rainbow smelt populations and habitat quality at index sites in Massachusetts,
New Hampshire, and Maine. These methods are further described in this report under Objective 2, Activity 3
(Long Term Index Stations). Possible threats to spawning success were identified by the group in 2007 that
directed field work 2008-2012 — these included: 1) reduced egg viability due to high periphyton growth,
siltation, poor water quality and/or exposure to heavy metals; 2) pathological problems including parasites and
long-term disease; 3) reduced fitness due to accumulated toxic contaminants; 4) channelization and flow
disruptions. Throughout the grant period, this group worked closely to assist each other with data analysis,
reporting, provide guidance when changes in management strategies were made, and to produce both technical
documents and outreach materials. Because rainbow smelt are not an inter-state managed species, before this
group was established there was no regional rainbow smelt collaboration. This group will continue to work
closely together in the future as the Gulf of Maine Rainbow Smelt Committee and will continue regional
monitoring and data sharing programs. Major accomplishments of this group to date include:

e A Regional Conservation Plan for Anadromous Rainbow Smelt in the U.S. Gulf of Maine (Enterline et
al. 2012, Appendix A)

e “Rainbow Smelt: An Imperiled Fish in a Changing World”, a six-page informational pamphlet about
rainbow smelt biology, population trends, threats, and regional monitoring efforts (Appendix B)

e www.restorerainbowsmelt.com, a central website proving information about rainbow smelt biology,
population trends, threats, and regional monitoring efforts

e Revising smelt fishing regulations in Massachusetts and Maine to limit take (Appendix C and D)

e Hosting the Fourth North American Workshop on Rainbow Smelt, and publishing the Extended Abstract
Proceedings (Wood et al. 2012, Appendix E)

e Quality Assurance Program Plan (QAPP) for Water Quality Measurements Conducted for Diadromous
Fish Habitat Monitoring (Chase 2010 , Appendix F)
Regional fyke net monitoring field protocol (Appendix G)

e Regional standardized ageing methods and equipment (Appendix H)

The Subgroup on Atlantic Sturgeon (SAS) led by Gail Wippelhauser met frequently to discuss efforts to collect
and compile information about Atlantic sturgeons’ use of the Kennebec River and Merrymeeting Bay area.
Early in the granting period, the group reviewed data from past efforts by the ME DMR to locate sturgeon in the
area using gill nets. Our efforts focused on compiling these data and using the results to inform telemetry
studies. In turn, patterns of movement discerned from the telemetry studies led to habitat mapping using multi-
beam technology. After determining that the area was likely supporting spawning by Atlantic sturgeon, the
group decided to pursue ichthyoplankton monitoring in the area and documented three genetically confirmed
Atlantic sturgeon larvae. Through these efforts, Dr. Wippelhauser produced the first substantial reports
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describing Atlantic sturgeon use in the Kennebec River and Merrymeeting Bay area. Major accomplishments

include:

e A Regional Conservation Plan for Atlantic Sturgeon in the U. S. Gulf of Maine (Appendix I)
A total of 118 Atlantic sturgeon were caught in the Kennebec River and Merrymeeting Bay area from
2009 to 2012. Of these, 109 were PIT tagged, an acoustic tag was externally attached to 20 caught on
spawning grounds, and 20 were implanted with an acoustic tag

e Tissue samples were taken from 64 Atlantic sturgeon, 37 of which were taken from fish on the
spawning grounds, 25 from large fish caught in Merrymeeting Bay in August, and two from juveniles

caught in Merrymeeting Bay in late fall

e A summary report of 1977-2001 Atlantic sturgeon data from the Kennebec River and Merrymeeting Bay

area (Appendix J)

e A manuscript summarizing the movements and habitat use of both shortnose and Atlantic sturgeon in

the Kennebec River and Merrymeeting Bay

e Documented overwintering habitat in the Kennebec River using high definition imaging sonar
Documented likely spawning area in the Kennebec River using telemetry, capture of ripe males at this
location, and capture of three genetically confirmed Atlantic sturgeon larvae below this site

e Documented likely spawning area in the Androscoggin River using telemetry and capture of ripe males

at this location

This report summarizes the major findings and accomplishments of this project, but does not present in detail all
data and analyses completed. A list of all datasets collected as part of this project is included in Appendix K.

Datasets are available upon request.

Objective 2 - Complete a comprehensive GOM inventory for each species

Activity 1 - Information Compilation - Year 1

Information was collected for both rainbow smelt and
Atlantic sturgeon from past survey efforts and monitoring
efforts not directly associated with this project. When
possible, these data were compiled regionally into a single
data source and put into a GIS format. Each species’
conservation plan describes this information in detail and
uses it to inform analyses and management
recommendations (Appendix A and Appendix I). The
information available for each species is briefly described
here.

For rainbow smelt, information about the biology, historical
fisheries and habitat use, and fisheries dependent and
independent current monitoring efforts was synthesized for
the species conservation plan (Appendix A). A thorough
literature review was conducted to inform this work and
was made publicly available
(http://restorerainbowsmelt.com/?page_1d=518).
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Figure 1. Maine commercial smelt catch in pounds (Squiers et al.
1976), and NMFS website).
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Historical Information and Commercial Harvests for Rainbow Smelt

Historical information regarding smelt harvests, fishing interest, and market demand for smelt throughout the
Eastern U.S. was first synthesized into a poster presentation that was presented at the Fourth North American
Workshop on Rainbow Smelt (extended abstract in the workshop proceedings, Appendix E), then expanded for
the species conservation plan (Appendix A). The earliest accounts are provided by James Smith in 1622, who
described smelt as extremely plentiful and a major food source for Native Americans in the spring (in Kendall
1926). There is little additional information about early harvests until the mid-1800s, although extensive
subsistence and local commercial harvest occurred before this time, based on occasional references and town
records. There are some accounts from the Mid-Atlantic region (Virginia, Maryland, and Delaware), but there
are no records of harvests in these states. Records and descriptions from the mid-1800s described smelt as
extremely abundant from New Jersey to Maine. During this time, food markets developed for smelt in addition
to previous uses as fertilizers and livestock feed. By the late 1800s, smelt were an important export product,
though many accounts begin to describe concern about decline in abundance during this period, and landings in
Maine were already showing a declining trend (Figure 1). The species continued to support important
commercial fisheries in New England until the early to mid-1900s, after which landings declined substantially.
At this point, commercial effort decreased considerably, due either to regulatory measures (Massachusetts) or
fewer commercial fishermen targeting the species (New Hampshire and Maine).

Commercial smelt fishing in Massachusetts is allowed, but has been greatly reduced to a small possession limit
(50 fish). Few commercial operations are allowed in New Hampshire and Maine, and landings are recorded on
an annual basis. In Maine, the modest amount of commercial fishing allowed in the eastern part of the coast
shows a fairly stable trend (these data are confidential and cannot be reported in document for public
dissemination).

Atlantic Sturgeon Commercial Harvests

Atlantic sturgeon once supported a large commercial fishery in the United States in the 1800s, but landings
declined precipitously in the early 1900s. Annual coast-wide harvest in the late 1800s was between ~1000 —
3000 metric tons (mt), however annual harvest had declined to a low of 22 mt in 1920, and remained below 140
mt from 1920 to the late 1990s (ASMFC 1990; Secor 2002). This information was gathered for and is also
presented in the species conservation plan (Appendix I).

In Maine, exploitation of Atlantic sturgeon began earlier and declined earlier. The first documented fishery was
in 1628 at Pejepscot Falls on the Androscoggin River (Wheeler and Wheeler 1878). In 1849, harvesters took
160 tons of sturgeon from the Kennebec River for roe and oil, but the fishery was discontinued after 1851 when
sturgeon became scarce (Atkins 1887). A subsequent fishery in the Kennebec began in 1872, but within five
years sturgeon were scarce, and by 1880 the catch was about 150 sturgeon (Atkins 1887). Harvest continued at
low levels during the 1900s, with the annual harvest remaining below 2,000 pounds. In 1983, Maine closed the
tidal waters of the Kennebec and Androscoggin to harvest of sturgeon, and instituted a 72-inch minimum size
for other areas. In 1992, the harvest of both Atlantic and shortnose sturgeon became illegal in Maine’s coastal
waters.
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Fisheries Dependent Monitoring Information for Rainbow Smelt

New Hampshire and Maine continue to support large recreational ice-fisheries for rainbow smelt. Both states
conduct creel surveys to capture information about the effort and catch of these fisheries, NHFG has conducted
winter creel surveys since 1978 on the Lamprey, Oyster/Bellamy and Squamscott rivers as well as Great Bay, and
ME DMR conducted surveys 1979-1982 and again beginning in 2009 on the Kennebec River and Merrymeeting

Bay. Data from both states surveys were compiled and are presented in the species conservation plan (Appendix
A).

Briefly, both datasets show a declining trend in catch per unit effort (CPUE) over the sampling periods. In New
Hampshire, the highest annual CPUE for the last ten-year period is half that of the two previous ten year periods
(2000-2011, highest annual CPUE = 5.6; 1990-1999 = 10.6; 1980-1989 = 10.3). In Maine, 2009-2011 average
CPUE was lower than the previous period (2009-2011 avg. CPUE = 0.48 < 1979-1982 = 0.64), and the recent
survey had the lowest CPUE recorded (0.17) during the two time series.

Fisheries Independent Monitoring Information for Rainbow Smelt

In addition to the monitoring efforts completed under this grant, other state efforts collect information about
rainbow smelt that can be used to better understand the species’ population trends, habitat preferences, and
annual movements. The three state fisheries agencies perform inshore small-mesh trawl surveys twice a year, in
the spring (MA DMF in May, NH/ME in late May and early June) and fall (MA DMF in September, NH/ME in
October and early November). The MA DMF has been performing surveys since 1978, while the ME DMR
began sampling the New Hampshire and Maine waters in fall 2000. Juvenile abundance monitoring is
performed in the Piscataqua River, Great Bay, and Little Harbor estuaries in New Hampshire (since 1997) and
in the Kennebec River and Merrymeeting Bay in Maine (since 1979). Lastly, egg deposition monitoring was
performed by NHFG from 1978-2007 using methodologies described by Rupp (1965). The data from these
monitoring efforts were summarized for the species conservation plan (Appendix A).

Atlantic Sturgeon Gill Net Monitoring

From 1977 to 2001, the ME DMR conducted a series of studies on shortnose sturgeon and Atlantic sturgeon in
the Kennebec, Androscoggin, and Sheepscot estuaries in Maine. The 16 years of research conducted over the
24-year period research has been described in detail in Wippelhauser and Squiers (submitted) and information
specific to Atlantic sturgeon is detailed in the species conservation plan (Appendix I). Briefly, gill nets of
different mesh sizes were deployed parallel to the shore at 65 stations in the Kennebec, Androscoggin, and
Sheepscot estuaries as early as April 4 and as late as November 29, but most sampling occurred from May
through October. The size and weight of healthy sturgeon were recorded, as well as the number of Atlantic
sturgeon caught per net haul. These data were used to identify areas of large aggregates of Atlantic sturgeon that
may be important habitat for the fish, and to direct telemetry efforts conducted under this grant.

Activity 2 - Complete Field Inventory - Years 1-2

Rainbow Smelt Spawning Locations

Before the beginning of this grant, the MA DMF performed field surveys at all possible smelt spawning
locations on the Gulf of Maine coast of Massachusetts and confirmed current spawning locations (Chase 2006).
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During this project, these spawning locations were georeferenced and combined into a regional geospatial
database of rainbow smelt spawning locations (Figure 2).

The NHFG performed field fyke net surveys for three weeks in April, 2007 in the six rivers draining into the
Great Bay and Piscataqua area: the Winnicut, Squamscott, Lamprey, Oyster, Bellamy, and Salmon Falls rivers.
Adult rainbow smelt in spawning condition were caught at each location in sufficient numbers to indicate
sizable spawning runs (in the order of hundreds of smelt), except in the Winnicut River where only 9 smelt were
caught. The Winnicut River smelt spawning run was of specific concern to NHFG because of documented low
smelt returns during the previous 10-15 years. These New Hampshire spawning locations were georeferenced
and combined into a regional geospatial database of rainbow smelt spawning locations (Figure 2).

From 2007-2009, biologists with ME DMR worked with Marine Patrol to document coastal rivers and streams
currently being used by rainbow smelt for spawning. Marine Patrol officers gave information about the
spawning habitat (substrate, possible obstructions), and the strength of the run as characterized by the density of
egg mats or number of spawning adults present. We compared the current use and strength of runs to
information collected by DMR in the early 1970’s and to information compiled in 1984 from DMR and USFW
indicating probable smelt spawning sites. Field survey methods were adopted from a 2005 initial effort by ME
DMR and the Maine Marine Patrol to update information about current smelt spawning locations. The data
collected during this 2005 survey were combined with data collected under this grant in 2007-2009. During this
time period, officers visited a total of 279 streams. Combining information collected in 2005, and 2007-2009:

54 (19% of total) historical sites (1970 and/or 1984 data) were not visited and the current level of spawning
activity remains unknown; 42 sites (15%) were not listed historically to support spawning, and currently do not
support spawning; 35 sites (13%) which historically supported runs do not currently; 14 sites (5%) which
historically supported runs currently support smaller runs; 81 sites (29%) currently support limited runs; 53 sites
(19%) currently support strong runs (Figure 2). Of the 118 sites that were historically listed as strong runs and
checked during 2005, 2007-2009: 49 (42% of checked historical runs) have declined or no longer support runs;
69 (58% of checked historical runs) seem to support runs at the level they did historically. Spawning decline
and/or lack of spawning activity was

concentrated in southern Maine, lower )
Casco Bay, the Kennebec River, and the e,
east side of Frenchman’s Bay. Limited adte
and strong spawning runs persist in s STl
northern Casco Bay, the Medomak, St. % N
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Narraguagus, Pleasant, Indian, Harrington, and Chandler rivers all support mainstem commercial fishing
operations in the late winter that catch fish in spawning condition. The DSF conducted surveys in the winter and
early spring to understand more about the timing and strength of the runs on the Pleasant and Narraguagus
Rivers and the population structure of the commercial catch, as well as surveyed smaller streams in the spring to
document spawning activity.

Rainbow Smelt Annual Movements

Annual movements and habitat use by adult rainbow smelt have been largely assumed based on discrete
sampling or patterns in recreational and commercial fishing. Mark and recapture studies have focused on
distinct phases of the life cycle, such as movements between spawning areas (Murawski et al. 1980),
composition of late and early populations of spawning adults (McKenzie 1964) and winter movements within a
river system (Flagg 1983). Larger annual and regional migrations have been synthesized from anecdotal reports
by anglers and commercial fishermen. During this project, a thorough literature review was performed that
included state agency reports and anecdotal information (e.g., from newspaper articles). Using this information
together with information from current state monitoring efforts (near-shore trawl, juvenile abundance, and creel
surveys), we synthesized a more complete description of rainbow smelt annual movements that is included in
the species conservation plan (Appendix A).

In addition to reviewing the literature and consolidating data from state monitoring efforts, we performed a field
study to monitor smelt behavior using telemetry. A sub-sample of smelt caught at the fyke net index stations on
the Squamscott and Oyster rivers were tagged with hydroacoustic transmitters (VEMCO V5 and V6) in 2011
(30 smelt tagged) and 2012 (45 smelt tagged). Hydroacoustic receivers were placed in each identified spawning
river in Great Bay and the Piscataqua estuary area, and along the Piscataqua River and at the mouth of the river
(Figure 3). The data and results will be submitted as part of a Master’s Thesis at the University of New
Hampshire in Spring 2013 and for journal publication (C. Enterline, unpublished data).

The initial objective of this project was to monitor
annual smelt movements including 1) smelt movements
o during the spawning season and following spawning
Bellamy  oFiSCatAUE season, documenting the timing of migration into
e o® ¢ » o coastal marine waters, 2) documenting when smelt
S *®General Sullivan Brige . returned to the embayment in the fall, and 3) smelt
" | movement in the winter under the ice. During 2011, the
@ Adams Point Piscatiqua Mouth ] . . . .
: ~ | hydroacoustic receiver array was left in place until
~ December, however, no smelt were detected after June
(approximately 3 months after being tagged at the
spawning sites). The study was thus refined to answer
only the first objective: monitoring smelt movements
during the spawning season and post-spawning. In
2012, smelt were monitored from the tagging date (mid
to late March) until July.

Lamprey

°
Squamscotty Little Harbor
0
Winnicut

Figure 3. Using hydroacoustic telemetry, spawning and post-spawn smelt Preliminary results show that both male and female

were monitored in the Great Bay and Piscataqua embayment, New Hampshire . :
in 2011 and 2012. Smelt were captured, tagged, and released in Squamscott smelt move between many river SyStemS durlng the

and Oyster rivers. Receivers were placed in all major rivers and to monitor spawning se€ason, both during the l’light (pOSSlbly
movements into coastal marine waters. movement associated with spawning), and during the
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day, both during low and high tide (possible movement associated with feeding). While some smelt were
observed to leave the embayment at the mouth of the Piscataqua River, almost half of the tagged individuals
were last detected either in the rivers or within Great Bay. This may be due to mortality or predation. Of the
individuals that were observed leaving the embayment, the timing of their movement into coastal waters was
fairly consistent — with the last detections in the Piscataqua River occurring in late May or early June, almost
four weeks after the last spawning activity was observed at the fyke net index sites.

Activity 3 - Long Term Index Stations - Years 1-5

Regional Spring Fyke Net Survey to Monitor Spawning Rainbow

Smelt

Earlier research on anadromous smelt populations in the Gulf of
Maine has primarily consisted of short-term efforts that monitor
smelt size and age structure during spawning runs. These efforts
have not produced long-term population indices of abundance
for smelt, and presently, no indices exist in New England. This
project targeted the spring spawning runs as a source of
information on population status. The objective was to produce
fishery-independent indices of abundance, with the
understanding that only mature smelt participate in the spawning
runs. The approach was to record biological data from spawning
runs; to conduct analyses on size and age composition, catch-
per-unit-effort, and mortality; and to make comparisons as
possible among rivers and to previous studies.

As part of this project, fyke net stations were selected at coastal
rivers in Maine, New Hampshire, and Massachusetts for
monitoring during 2008-2011 (Figure 4, Table 1). After pilot

\ Mast Landing

Long Creek

@—— Oystor River
@—— Winnicut River

Squamscott River
@ Parker / Mill River
Crane River
North River

e Fore River

Jones River

T\

Westport River

Saugus River

Weweantic River

\ Tarinery Brook

Deer Meadow Brook

T East Bay Brook

Schoppee Brook

10
T kilometers

Figure 4. Fyke net monitoring stations in Massachusetts, New

Hamnshire. and Maine 2008-2012.

FykeNet Location Hyvdrologic Information Watershed Information
Channel Average Average Drainage
Width Discharge Velocity Area
River Latitude Longitude  Town State | (m) (m3/s) (m/s) Watershed (HUC 10) (km?) Land Cover (1%/29)
WestportRiver 41.6209 -71.0598 Westport MA | 11.3 - - Buzzards Bay 26.5 Forest/Agriculture
WeweanticRiver [41.7662 -70.7461 Wareham MA | 35.7 - - Buzzards Bay 148.2 Forest/Agriculture
Jones River 41,9960 -70.7233 Kingston MA | 27.3 1.92 0.492 South Coastal Basin 69.3 Forest/ Wetland
ForeRiver 42,2225 -70.9732 Braintree MA | 13.7 1.92 0.623 BostonHarbor 74.7 Development/Forest
Saugus River 42,4680 -71.0077  Saugus MA | 554 - - BostonHarbor 55.8 Development/Forest
North River 42,5221 -70.9116 Salem MA 01 0.49 0.454 North Coastal Basin 12.6 Development/Forest
CraneRiver 42,3566 -70.9364 Danvers MA 8.2 0.17 0.497 North Coastal Basin 14.0 Development/ Forest
Parker River 42,7505 -70.9282 Newbury MA | 3548 0.516 PlumIsland Sound 66.0 Forest/Wetland
SquamscottRiver |42.9824 -70.9461 Exeter NH | 101.0 5.65 0.384 Exeter River 276.9 Forest/ Wetland
Winnicut River 43,0389 -70.8455 Greenland NH 36.6 1.05 0.3 GreatBay 45,5 Forest/Wetland
Oyster River 43,1310 -70.1310 Duwtham NH 32.9 - - GreatBay 59.9 Forest/Development
Long Creek 43,6332 -70.3133 S Portland ME 24.3 0.64 ForeRiver 17.5 Development/Forest
Mast Landing 43.8587 -70.0842  Fresport ME 15.2 0.468 Casco Bay Basin 20,7 Forest/ Wetland
Deer Meadow Brook | 44.0369 -69.5874 Newcastle ME 249 0.489 SheepscotRiver 276 Forest/ Wetland
TanneryBrook 44,5706 -68.7888 Bucksport ME 67.7 0.402 PenobscotRiver and Bay 13.2 Forest/Agriculture
SchoppeeBrook | 44.6627 7.5533  Jonesboro ME 16.0 0.583 Roques Bluffs Frontal Drainages 9.3 Forest/Wetland
EastBav Brook 44,9547  -67.1041 Perrv ME 21.9 0.217 CobscookBay 3.0 Forest/ Wetland

Table 1. Rainbow smelt spawning habitat station locations for water quality monitoring. Drainage areas are GIS calculations set from the location of fyke net placement.
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deployments in 2007-2008 to identify suitable stations, eight fyke net stations were monitored in Massachusetts,
three stations in New Hampshire and six in Maine. The sampling period in Massachusetts targeted 11 weeks
from the first week of March to the third week of May to cover the known smelt spawning period. The sampling
duration in New Hampshire and Maine varied due to a later ice-out and spawning season that occurs later with
increasing latitude. The stations were chosen for suitability to maintain a fyke net in a known smelt run and to
represent a range of run sizes and watershed conditions.

The fyke net was set at mid-channel in the intertidal zone below the downstream limit of smelt egg deposition.
The fyke net opening faced downstream, and nets were hauled after overnight sets. This approach was adopted
to intercept the spawning movements of smelt that occur at night during the flood tide. Fyke net catches were
assumed to be representative of the size and sex composition of the spawning run. With each haul, smelt were
counted, sexed, measured (total length) and released. Scales were sampled weekly at some stations for ageing.
At most of these stations, we also collected water quality data, periphyton and nutrient samples, light and
temperature data, macroinvertebrate community information, and samples from adult smelt for genetic,
contaminant load, and pathological analysis. A standardized fyke net monitoring protocol was developed as part
of this effort and will be used by each state agency in the future to continue monitoring spawning populations of
rainbow smelt at some or all of the index stations sampled during this project (Appendix G).

The species conservation plan (Appendix A) provides a thorough discussion of the results of the fyke net study
including differences in seasonality, sex ratios, CPUE, and length at age between the different index sites.
Various CPUE metrics were explored with the geometric mean of average weekly catch per haul reported in
Table 2. Briefly, the results of this study demonstrated that CPUE varied widely among rivers and years. For the
entire region, the two highest overall CPUE (2008-2011 data) were found in Maine (Deer Meadow Brook =
58.07, Schoppee Brook = 37.83), while the two lowest were found in Massachusetts (Westport River = 1.01,
North River = 1.37). There was a trend of higher CPUE values at Maine sites than New Hampshire and
Massachusetts sites: out of the 17 index sites, four out of the top five highest CPUE were found in Maine (Table
2).

Smelt at the southern stations may experience a faster growth rate in their first year and are reaching a body size
that supports maturity sooner than northern runs. Comparing age-at-length among the sites, there is an overall
trend of decreasing length-at-age moving northward. Because age-2 males are present with large sample sizes in
each run, it is informative to compare the average lengths between sites using this category. The largest length
at age (2008-2011 data) was observed in the southern portion of the region (Fore River avg. age-2 male = 184
mm, Table 3), indicating a faster growth rate for this

Index Site State 2008 2009 2010 2011 2012 |Overall . .

Weweantic R. MA | 281 127 147 157 214 | 1ss | portion. Moving northward, length at age-2 was observed
WestportR. MA ] 1001000100102 1,00 1001 to decline (Mast Landing = 178 mm); however, the

Jones R. MA 9.13 5.58 7.56 5.13 17.36 8.95 . . .

Forc R. MA | 3355 1041 2200 1570 17.74 | 1988 | Smallest length-at-age was observed in the mid-portion
Saug]usR. MA 6.30 1.19 1.07 2.49 6.59 3.53 Of Malne (Deer Meadow Brook avg age_z male = 157
North R. MA 1.39 1.12 1.08 1.90 2.64 1.63 .

Crane R. MA | 303 197 212 339 344 | 279 | mm, Tannery Brook = 142 mm). Sites at the most
ParkerR. Ma | 763 256 166 247 369 | 360 | portheastern portion of the U. S. Gulf of Maine were
SquamscottR. NH 3.45 1.44 1.08 6.26 3.05 3.06 . . . . .

\fmni;ﬂ_ NH | 160 134 136 905 140 | 1se | larger than in mid-Maine, but were significantly smaller
Oyster R. NH | x x 545 579 513 | 545 | than the southern Maine and Massachusetts sites

Long Cr. ME X 18.69 5.56 9.93 4.84 9.76 _ _

Mast Landing ME 52.00 29.84 881 13.80 21.68 | 25.23 (SChOppee BrOOk - 163 mm’ EaSt Bay BrOOk - 166

Deer Meadow Bk. ME 11.11 100.82 2486 9546 7.37 47.93 mm)

Tannery Bk. ME 15.28 28.26 41.87 14.03 5.86 21.06

Schoppee Bk. ME X X 38.42 3725 4290 | 39.52

IEast Bay R. ME 15.48 4.42 21.66 11.86 X 13.35

Table 2. Catch per unit effort (CPUE) of rainbow smelt at fyke net
spawning survey index sites, by annual CPUE and overall CPUE for the
entire sampling period, 2008-2011.

A multi-state collaborative to develop and implement a conservation plan for three anadromous finfish species of concern in the
Gulf of Maine; NOAA Award#: NAO6NMF4720249
p. 12 of 41



Table 3. Mean length at age and proportion at age of anadromous rainbow smelt at regional fyke nat
index sites 2008-2011. Age keys were applied to length samples forproportion at age.

Proportion (%) at Age

Location Region  Year Sex lengthM AgeN Agel Age2 Age-3 Age-d Age5 Age-b
East Bay Brook ME 2008 both 899 63 922 67 11
East Bay Brook ME 2009 both 236 63 08 623 339 30
East Bay Brook ME 2010 both 1387 261 20 80.7 137 36
East Bay Brook ME 2011 both 1211 268 720 267 12 01
Schoppee Brook  ME 2010 both 2034 281 03 90.2 35 54
Schoppee Brook ME 2011 both 1831 245 22 90.7 71
Tannery Brook ME 2008 both 2001 74 60.0 342 58
Tannery Brook ME 2009 both 1778 72 39 786 79 654 32
Tannery Brook ME 2010 both 1892 344 25 496 454 13 10 01
Tannery Brook ME 2011 both 905 172 69 366 430 a5
Deer Meadow ME 2008 both 179 85 S0 771 179
Deer Meadow ME 2009 both 2016 135 0 90.2 57 34 07
Deer Meadow ME 2010 both 1366 320 28 260 647 50 15
Deer Meadow ME 2011 both 1946 108 15 836 69 67 09
Mast Landing ME 2008 both 1620 a0 152 586 242 20
Mast Landing ME 2009 both 1106 128 06 856 139 29
Mast Landing ME 2010 both 355 268 755 87 138 17 03
Mast Landing ME 2011 both 1853 275 45 535 08 12
Oyster River NH 2010 both 421 185 658 290 45 07
Oy ster River WH 2011 both 401 231 112 751 135 <01
Fore River LY 2008 both 1958 380 519 414 62 04 01
Fore River MA, 2009 both 846 660 155 525 314 06
Fore River & 2010 both 1341 493 896 78 24 01 <01
Fore River A 2011 both 1241 436 483 487 26 0.4 <01
Mean Length at Age
Location Region  Year Sex N Agel  Age-2  Age-3  Age-d  Age-5  Age-b
East Bay Brook ME  2008-11 1] 322 145 166 197 215 241
East Bay Brook ME  2008-11 F 338 155 173 212 238 241
Schoppee Brook  ME  2010-11 L] 225 146 163 195 204
Schoppee Brook ME 2010411 F 299 152 169 206 234
Tannery Brook ME  2008-11 1] 339 135 142 166 183 180
Tannery Brook ME  2005-11 F 322 137 146 173 198 211 215
Deer Meadow ME  2008-11 M 397 138 157 185 209 220 226
Deer Meadow ME  2005-11 F 250 125 160 194 222 208
Mast Landing ME  2008-11 (1] 447 132 178 192 211
Mast Landing ME  2008-11 F 312 137 190 209 232 256
Oyster River NH  2008-11 M 344 117 162 179 209
Oy ster River NH  2008-11 F 60 114 167 180
Fore River MA - 2008-11 M 1113 141 184 202 215
Fore River MA  2008-11 F 507 142 194 217 249 251 266

Table 4. Anadromous rainbow smelt length datacollected at regional fyke net index sites 2008-2011 Sex ratiois
the ratio of males to females_ Some stations excluded because of low sample size. Smelt of unknovn sexare
excluded from these statistics.

MALE

State River Code Years ] ean SE e dian fin. Max.
Ma  Weweantic W 4 188 151 201 145 104 238
Ma  Jones JR 4 1249 156 0.93 143 106 254
MA  Fore FR 4 4396 166 0.43 157 108 241
[N Saugus SG 4 401 162 130 153 113 240
A  North NR 4 79 150 218 143 118 217
Ma Crane CN 4 262 161 144 156 121 221
Ma  Parker PR 4 1217 167 0.88 156 86 255
NH Squamscott $Q 2 340 154 1385 159 86 227
NH  Oyster oY 2] 344 149 174 156 88 225
ME Long Creek LC 4 1191 169 0.41 168 110 228
ME  Mast Landing ML 4 3099 163 0.40 169 105 227|
ME  DeerMeadow DM 4 4367 166 0.33 163 83 241]
ME Tannery Brook B 4 4214 152 0.27 152 104 223
ME  Schoppee SB 2| 2303 164 0.24 163 125 222
ME East Bay EB 4 2368 172 0.31 169 136 250
Total 26018

FEMALE

State River Code | SexRatio N Mean SE Median Min Max.
MA  Weweantic wWw 3.4 95 149 4.29 139 107 229
Ma  Jones JR 2.5 492 160 169 144 100 258
MA  Fore FR 4.0 1090 168 106 154 111 270
[N Saugus 5G 7.7 52 172 5.01 157 129 248
Ma  North NR 3.4 23 154 471 153 113 214
Ma  Crane CN 2.8 94 169 331 162 114 257
MA  Parker PR a.5 128 194 318 204 112 272
NH  Squamscott $Q 3.7 93 135 3.86 118 86 239
NH  Oyster oY 5.7 60 151 480 166 88 224
ME Long Creek LC 3.3 360 176 099 176 118 251
ME Mast Landing ML 2.7 1136 177 0.86 180 93 263
ME Deer Meadow DM 3.6 1209 165 0.71 159 83 258
ME Tannery Brook L] 18 2366 157 0.46 154 108 236
ME  Schoppee $B 15 1564 174 053 170 129 256
ME East Bay EB 1.7) 1389 183 0.59 176 122 263
Total 10111

Considering the populations by state, in
Massachusetts the age and length data suggest
the presence of a truncated age distribution, a
sign of stressed populations due to high mortality
and potentially poor recruitment. Male smelt in
Massachusetts have similar median lengths
compared to male smelt in New Hampshire and
Maine. However, female smelt in Massachusetts
had higher median length than the other states
(Table 4); a statistic driven by larger age-2 to
age-4 females. Massachusetts stations are
dominated by length modes that indicate age-1
and age-2 smelt, with very low presence of smelt
older than age-4, indicating reduced survival.

In New Hampshire, two length modes are
apparent in both rivers composed of age-1 and
age-2 smelt. However, more overlap is seen in
these modes than found in Massachusetts smelt
age-length data. Few smelt reached age-4 in
New Hampshire rivers. For each available age
key, age-4 comprised less than 2% of the annual
age sample. Growth rates appear to be slower
within New Hampshire runs, as age-3 smelt
occur at smaller lengths than seen in
Massachusetts and no age-2 smelt larger than 19
cm have been sampled.

Median smelt lengths for the Maine stations were
slightly larger than at the other states, likely
because these runs had a lower proportion of age-
1 smelt but higher proportion of age 3+ smelt;
however, average length at age was smaller,
indicating a slower growth rate compared to sites
further south. The Maine smelt runs also
averaged higher CPUE rates and showed more
balanced age distributions and sex ratios than
seen in southern runs. These patterns were most
evident in catch data from the easternmost Maine
stations. All these observations indicate relatively
healthier smelt runs in Maine than in
Massachusetts and New Hampshire. The age
composition of smelt in Maine's spawning runs
contributes to less separation between length
modes and an extended age-2+ mode. These
features could reflect interesting potential
differences in growth rates, maturation, and
survival in Maine than at the southern runs.
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Each index site contained a smelt population that was male biased (Table 4). Overall, this survey observed an
average sex ratio of 4:1. Of the systems sampled, the most heavily male biased were the Parker River, MA, and
the Squamscott and Oyster rivers, NH, which all displayed a male to female ratio of greater than 8:1. The lowest
male to female ratios (< 2:1) were found in three systems in Maine: Tannery Brook, Schoppee Brook, and the
East Bay River. Although spawning runs of most anadromous fishes are male biased, those displaying a
substantially higher proportion of males may be indicative of a stressed population. Because the limiting factor
for population growth is often the abundance of females, populations dominated by males may be less robust
than those containing a higher proportion of females.

However, the skewed sex ratios observed at these fyke net sites may also be due to within-season repeat
spawning behavior by male smelt. During the spawning event, multiple males have been observed to attend to
one female (Clayton 1976; Hoover 1936; Langlois 1935), a behavior which has been found to increase
fertilization success (Purchase et al. 2007). Sampling large groups of smelt during non-breeding seasons has
found a balanced sex ratio. Sampling in the Parker River, Massachusetts, found that age-2+ females composed
only 11.4% of the sampled population during one spawning survey compared to 47.4% of the winter fishery
catch within the same year (Murawski et al. 1980). Fyke net surveys in 2008 at the Mast Landing index site
found females comprised only 14.6% of the catch, whereas fall near-shore trawl surveys conducted the
following fall in the embayment area below this site an almost even sex ratio (46.2% female) (S. Sherman, ME
DMR, pers. comm.).

Further, because mortality rates are calculated by tracking age classes through time they may also be biased
when survey methods are re-capturing the same individuals. Previous mortality estimates have been based on
total catch during the spawning season. Murawski and Cole (1978) estimated a higher mortality rate for males
compared to females in the Parker River, Massachusetts using a frequency at age model based on spawning
survey catches. This higher mortality rate may be due to a larger number of age-2 males repeatedly visiting the
spawning grounds compared to older males. If this is true, the data would falsely indicate that age-2 males
compose a larger proportion of the population. Quantifying the rate of repeat spawning by age and sex allows
the frequency at age to be corrected and accurate morality estimates calculated.

To further understand the skewed sex ratio, Maine DMR worked with the USGS Conte Lab to design a Passive
Integrated Transponder (PIT) study at Mast Landing, Maine and on the Fore River, Massachusetts. It was one
of the largest in-river RFID antenna systems that has ever been designed and the first known project to PIT tag
smelt in the country. A subset of smelt caught each week as part of the fyke net survey were tagged internally
using 23mm PIT tags (Oregon RFID) and monitored using in-stream continuously running RFID systems. Each
smelt receiving a PIT tag was also tagged with a VIE mark in the operculum for the purpose of visual
identification upon recapture. Scale samples were taken from all tagged fish to confirm age.

.. . . Average # of Returns
The preliminary results of this study were summarized for the Fourth

North American Workshop on Rainbow Smelt Proceedings (Appendix F_ M_
E), and are being synthesized as part of a Master’s Thesis for the Age-l L=l 212 =17)
University of New Hampshire and also for journal submission (C. Age-2 2@=1) 203 (@=71)
Enterline, unpublished data). These results show that males do return Age-3 0 1.63 (0=8)
at a significantly higher rate than females, and that younger males do Age-4 1@=2) 0
seem to return at a higher rate than older males (Table 5). Table 5. Total number of returns at Mast Landing spawning

site 2009-2011 combined. The total number of returns in each
sex and age category is shown in parentheses following the

Tag retention and mortality studies were completed at Southern Maine  fveree mumberofretums i each category: Ages ate assigned
Community College (SMCC) and at the Maine DMR fisheries )
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laboratory in West Boothbay Harbor. Preliminary analysis shows a high mortality rate among smelt under 14
cm. Within the first week, the mortality rate was approximately 50% for tagged smelt in both studies. The
average size of dead smelt in the first two weeks was ~14.5 cm. A declining mortality rate was observed after
week one in both studies, leveling off at ~15% at one month. After week two, the average size of mortalities
was ~16 cm. In each study, 30 smelt were also kept as controls. The mortality rate for control fish remained
~4% during a one-month period.

Although fyke nets are demonstrated to be an effective gear for sampling smelt, limited information is available
regarding their relative efficiency. Without such information, it is difficult to understand how measures of
relative abundance, such as CPUE, relate to actual abundance. To address this information gap, a census fyke
net, which bridged the entire channel, was placed in the Fore River, Massachusetts. Sampling the census net
targeted overnight sets on a weekly basis at the same time the standard sampling fyke net was deployed
immediately downstream. The efficiency of the sampling fyke net was then calculated by comparing the CPUE
of the sampling fyke to that of the census fyke.

Between 2009 and 2012, the census fyke was set on 29 separate occasions. Yearly sampling effort ranged from
a low of 5 census sets in 2009 and 2010 to a high of 11 census sets in 2012 (Figure 5). Sampling efficiency
ranged from 0-100%, with all instances of 100% occurring when no smelt were captured in either the sampling
or the census fyke net. When smelt were captured in either net, sampling efficiency averaged 3.8%. This value
is smaller than the relative stream channel width sampled by the sampling fyke net, which was approximately
15%. This finding suggests that the sampling net did not collect passing smelt at a rate equal to actual coverage,
and that migrating smelt may actively avoid capture in an anchored fyke net. The census fyke net data will be
further evaluated in preparation for future publications.

%
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Figure 5 Results of efficiency evaluation of smelt fyke net in the Fore River, MA, 2009-2012. The
proportion of smelt caught in the project fyke net compared to the census fyke net catch are displayed.
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In addition to collecting information about rainbow smelt during the annual spring fyke net surveys, we also
recorded information about other species caught (Tables 6a — 6f). For all vertebrate species, all individuals of
bycatch species were counted, and the first 30 individuals captured at each haul measured. For invertebrate
species (shrimp, crab, etc.), all individuals caught at each haul were counted. Length information for vertebrate
species is available from the state agencies by request.

Crane River Essex River Fore River

All All All
Species (commeon name)  Species (scientific name) 2008 200% 2010 2011 2012 Years| 2010 2011 2012 Years| 2008 200% 2010 2011 2012 Years
alewife } 1 6 7 25 12 114 135 3 3
Largemouth bass 1 1 1 1
Smallmouth bass
Striped bass
Bluegill
Brown bullhead catfish
Wellow bullhead catfish
lAtlantic cod
\4sian shore crab
lAtlantic mud crab
lAtlantic mud crab
Blue crab
(Green crab
Horseshoe crab
Mud crab
White-fingered mud crab R/
White-tip mud crab
Black crappie
Cravfish
[Darter
lAmerican eel
Summer flounder Paralichthys dentatus
Pseudopleuronectes

seudoharengus

[SERE)
I
L
¥
[=]

(SR

Winter flounder
lAtlantic herring
Blueback herring
lAmerican shad
Hogchoker

Eillifish spp.

Sea lampreyv
lAmerican sandlance
Fathead minnow
Mummichog

White perch

Yellow perch

Chain pickerel
Redfin pickerel
Pumpkinseed
Common shiner
Golden shiner
Spottail shiner
\Grass shrimp Palaemonetes 5 1 3 10 15 6 21 27 11 38
Sand shrimp Crangon sepi 3 15 12 15 45 1 78 79 13 14 5
lAtlantic silverside 1 13 14 2

Rainbow smelt 120 46 68 120 4% 503 18 1% 44 81 2454 888 1826 1341
[Fourspine stickleback 30 47 417 230 75 969 41 82 123 18 4 65 178 377
Ninespine stickleback 2 2 1 5 5 1 6 1 1
Threespine stickleback 273 2265 1584 1448 1220 7150 | 47 250 761 1058 17 1% 4 13 12 65
White sucker
Banded sunfish Enneacant
lAtlantic tomcod Microgadt
Brook trout Salveli
[Brown trout Salmo tr
Rainbow trout Oncorhynchus m
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Table 6a. The number of individuals caught are shown for non-target species caught as part of the spring fyke net survey, by year and by site for
Massachusetts rivers.
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Jones River North River Parker River
All All All

Species (commeon name) Species (scientific name) 2008 200% 2010 2011 2012 Years| 2008 2009 2010 2011 2012 Years|2008 2009 2010 2011 2012 Years
alewife Alosa pseudoharengus 7 3 43 58 2 2 26 30
[Largemouth bass Micropterus salmoides 1 1
Smallmouth bass Micropterus dolomieui
Sriped bass Morone saxatilis 1 1
[Bluegill Lepomis macrochirus 2 1 12 1 16 1 2 2 34 3% 1 5 10 1
[Brown bullhead catfish  dmeiwrus nebulosus 1 1 5 24 116 2 10 157
[Yellow bullhead catfish _dmeiurus natalis 1 1 6 24 28 5 g 72
latlantic cod Gadus morhua
|4sian shore crab Hemigrapsus sanguineus
latlantic mud crab Panopeus herbstii 7 5 5 1 18 1 1
latlantic mud crab Panopeus herbstii
[Blue crab Callinectes sapidus
(Green crab Carcinus maenas 1 2 3 3 2 18 23
Horseshoe crab Limulus polyphemus
Mud crab Rhithropanopeus harrisii
White-fingered mud crab Rhithropanopeus harrisii 1 1
[White-tip mud crab Rhithropanopeus harrisii 1 2 3
[Black crappie Pomoxis nigromaculatus 3 3
Cravfish Cambaridae 1 1 2 2 2 3 1 10
[Darter Etheostoma sp.
lAmerican eel Anguilla rostrata 17 21 20 7 16 31 33 13 70 57 93 268 | 14 3 2% 36 54 141
Summer flounder Paralichthys dentatus 1 1

Pseudopleuronectes
Winter flounder americanus 1 2 5 2 10
latlantic herring Clupea harengus 5 ] 147 161
[Blueback herring Alosa aestivalis 1 16 17 1 5 6
lAmerican shad Alosa sapidissima 1 1
Hogchoker Trinectes maculatus
[Eillifish spp. Fundulus spp. 1 1 1 1 2
Sea lamprev Petromyzon marinus 1 2 1 1 5 33 B 15 18 23 102
lAmerican sandlance Ammodytes americanus
[Fathead minnow Pimephales promelas 1 1
Mummichog Fundulus heteroclitus 14 15 69 137 235 | 9932 2026 7T73 3221 4347 20301 5 1 1 26 5 38
[White perch Morone americana 15 41 185 34 22 301 2 2 7 1 5 13
[Yellow perch Perca flavescens 2 398 5 1 906 1 11 12 12 g g 1 2 33
Chain pickerel Esox niger 2 2
[Redfin pickerel Esox americanus 1 1 1 ] 4 2 16
[Pumpkinseed Lepomis gibbosus 1 1 7 1 76 34 3 3 15 4 2% 54
Common shiner Luxilus cornutus 42 10 52
\Golden shiner Notemigonus crysoleucas 1 1 15 3 24 42 3 7 813 115 15 933
Spottail shiner Notropis hudsonius 4 4
\Grass shrimp Palaemonetes 7 3 1 ] 13 38 1 4 2 1 2 10
Sand shrimp Crangon septemspinosa 17 227 1 3 133 434 5 2 2 20 7 36
lAtlantic silverside Menidia menidia 2 1 2 1 14 20 1 4 5
[Rainbow smelt Osmerus mordac 385 326 835 242 1785 3807 24 5 2 71 105 207 | 858 221 10% 157 221 1366
[Fourspine stickleback  dpeltes guadracus ] 39 0 22 20 120 6 2 13 24 24 69 27 80 383 473 337 1312
[Ninespine stickleback  Pungitius pungitius 1 1 1 3
Threespine stickleback  Gasterosteus aculeatus 4 39 2 14 79 138 | 342 209 634 528 271 2184 11 %7 107 218 374 807
[White sucker Catostomus commersoni 1 1 7 22 43 3 13 83
[Banded sunfish Enneacanthus obesus 4 8 21 3 36 7 2 3 7 7 26
latlantic tomcod Microgadus tomcod 3 ] ] 2 30 47
[Brook trout Salvelinus fontinalis 2 3 5 1 1
[Brown trout Salmo trutta 1 1
[Rainbow trout Oncorlvnchus mykiss 1 1

Table 6b. The number of individuals caught are shown for non-target species caught as part of the spring fyke net survey, by year and by site for Massachusetts

rivers.
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[Painbow trout

Oncorhynchus mykiss

Saungus River Westport River Weweantic River

All All All
Species (commeon name)  Species (scientific name) 2008 2009 2010 2011 2012 Years|2008 200% 2010 2011 2012 Years|2008 2009 2010 2011 2012 Years
alewife Alosa pseudoharengus 10 141 151 | 38 77 264 119 50 548 2 1 3
[Largemouth bass Micropterus salmoides 1 1 1 1
Smallmouth bass Micropterus dolomieui 1 1
Sriped bass Morone saxatilis 2 2 4 1 1 ]
[Bluegill Lepomis macrochirus 1 4 3 3 3 6 4 2 1 16 g 13 3 13 18 61
[Brown bullhead catfish ~ dmeiurus nebulosus 1 5 1 7 3 3 15 21 2 2 4
[Yellow bullhead catfish ~ Ameiurus naalis 1 1 2
latlantic cod Gadus morhua
|4sian shore crab Hemigrapsus sanguineus
latlantic mud crab Panopeus herbstii
latlantic mud crab Panopeus herbstii
[Blue crab Callinectes sapidus 3 3 17 18 35
(Green crab Carcinus maenas 16 16 2 2
Horseshoe crab Limulus polyphemus
Mud crab Rhithropanopeus harrisii 1 1
White-fingered mud crab  Rhithropanopeus harrisii
[White-tip mud crab Rhithropanopeus harrisii
[Black crappie Pomoxis nigromaculatus 2 1 3 2 4 ] 1 1
Cravfish Cambaridae 2 6 1 2 12
[Darter Etheostoma sp. 5 5
lAmerican eel Anguilla rostrata 16 3 20 2 33 76 ] 4 4 29 20 66 3 12 27 27 20 39
Summer flounder Paralichthys dentatus

Pseudopleuronectes

[Winter flounder americanus
latlantic herring Clupea harengus
[Blueback herring Alosa aestivalis 1 71 72 1 1
lAmerican shad Alosa sapidissima
Hogchoker Trinectes maculatus 37 4 108 14%
[Eillifish spp. Fundulus spp. 22 5 2 24 1 34 16 11 10 12 45
Sea lamprev Petromyzon marinus 11 10 6 22 4 53
lAmerican sandlance Ammodytes americanus
[Fathead minnow Pimephales promelas 1 1
Mummichog Fundulus heteroclitus 254 117 164 168 1571 2274 3 2 5
[White perch Morone americana 6 3 5 40 1% 73 95 279 60 24 325 783 | 188 171 4 23 124450
[Yellow perch Perca flavescens 4 4 2 10 2 4 15 25 1 1
Chain pickerel Esox niger 1 1 1 1
[Redfin pickerel Esox americanus 3 1 2 6 1 1
[Pumpkinseed Lepomis gibbosus 1 1 2 3 2 6 6 17 ] 4 4 5 15
Common shiner Luxilus cornutus
\Golden shiner Notemigonus crysoleucas 4 2 12 1 1 20 27 1 1 12 66 107 5 3 5 3 16
Spottail shiner Notropis hudsonius
\Grass shrimp Palaemonetes 2 2
Sand shrimp Crangon septemspinosa
lAtlantic silverside Menidia menidia 17 17 3 12 15
[Rainbow smelt Osmerus mordac 376 8 1 68 436 509 1 1 176 12 27 30 76 321
[Fourspine stickleback Apeltes quadracus 106 108 3635 7% 273 933 7 ] 10 11 21 58 2 30 3 40 53 168
Ninespine stickleback Pungitius pungitius 1 1 2
Threespine stickleback Gasterosteus aculeatus 20 581 367 134 126 1248 17 58 10 68 153 ] 3 3 1 16
[White sucker Catostomus commersoni g 2 44 31 85 171
[Banded sunfish Enneacanthus obesus 2 2 3 1 7 15
latlantic tomcod Microgadus tomcod 17 17
[Brook trout Salvelinus fontinalis 2 1 4 7 14 1 1
[Brown trout Salmo trutta 1 1

Table 6¢. The number of individuals caught are shown for non-target species caught as part of the spring fyke net survey, by year and by site for Massachusetts

rivers.
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Species (commeon name) Species (scientific name)

Oyster River

All

2010 2011 2012 Years

2008 200% 2010 2011 2012 Years

Squamscott River
All

2008 2005 2010

Winnicut River

All

2011 2012 Years

lAlewife Alosa pseudoharengus 2 1 3 7 7

[Largemouth bass Micropteru 2 1 3

[Bluegill Lepomis macrochi 18 5 6 29 11 4 11 26 4 3 4 2 13
[Brown bullhead catfish  _dmeiurus nek 1 1 6 6 25 22 5% 162 10 18 4 2 34
[Yellow bullhead catfish ~ Ame 3 3

Creek chub Semoti 1 1 1 1
Horseshoe crab Limu 6 14 20

[Black crappie Pomoxis nigroma 17 ] 3 39 2 4 3 1 21 31

Cunner Tautogolabrus adspe 1 1

[Blacknose dace Rhinichthys atratulus 1 1
lAmerican eel Anguilla rostrata 46 24 2% &% 7 ] 20 25 22 83 7 ] 7 3 36 62
[Fallfish Semotilus corporalis 2 2 3 3 1 2 3
Smooth Flounder "} nectes putiami 4 4 24 32 1 25 26
Winter flounder FoRectes americanus 13 5 12 30 3 3
latlantic herring Clupea harengus 5 5
[Blueback herring Alosa aestivalis 1 1

[Biver herring spp. Alosa 15 34 3 52 1 6 14 33 354 13 1 1 15
[Banded killifish Fundulus diapharus 1 1 3z 2 34
Killifish spp. Funduius spp. 24 40 450 s14| 2 2 3 1 8 |866 488 13 176 472 2015
MMinnow Cyprinidae 1 2 7 4 1 4 46
Sea lamprev Petromyzon marinus 7 4 13 8 2 16 20 359 1 1
[White perch Morone americana i 583 2 41 105 51 2847 3046 41 73 76 205 383 978
[Yellow perch Perca flavescens 24 3 3 132 3 4 4 226 5 3 1 14
Chain pickerel Esox nig w4 2 16 1 1
MNorthen pipefish Syngnathus fuscus 1 1
[Pumpkinseed sunfish Lepomis gibbos 12 4 13 25 | 11 2 15 5 12 45 10 10 2 46 68
Common shiner Notropis comu ] 3 12 3 7 5 6 26 1 3 4 10 7 25
\Golden Shiner Notemigon s 5 1 6 12 2 4 15 3 36 3 1 1 ] 18 2%
Spottail shiner Notropis h #i 1 1
latlantic silverside Menidia menidia 4 5 37 46 1 15 16
[Rainbow smelt Osmerus mordac 300 402 240 %42 101 151 2 14 16 10 34 16 S0
[Fourspine stickleback Ap 48 265 518 835 | 28 23 3 300 558 866 1044 2639 380
MNinespine stickleback Pungit 1 3 ] 10 22 134 10 17 40 243
Threespine stickleback  Gasteros tus 41 261 523 825 | 65 T4 26 143 48 118 257 3582
[White sucker Catoston onii 1 1 3 25 4 3 5 3 1 3 15
[Banded sunfish Enneacanthus obesus

[Redbreast sunfish Lepomis a 3 3

|Atlantic tomcod omcod 15 4 162 181 | 4 2 18 24 3 15 18
[Brook trout i5 fontinalis 2 2 2 2
[Rainbow trout Oncorlvnchus mykiss 1 1

Table 6d. The number of individuals caught are shown for non-target species caught as part of the spring fyke net survey, by year and by site for
New Hampshire rivers.
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Deer Meadow Brook

EastBay Brook

Long Creek

All All All
Species (common name) Species (scientific name) 2008 2008 2010 2011 2012 Years|2008 2005 2010 2011 Years|200% 2010 2011 2012 Years
Alewife Alosa pseudoharengus 119 27 1 3 150 5 7 6 2 20
Largemouth bass Micropterus salmoides 1 1
Brown bullhead catfish ~ Amei bl 2 1 3
Creek chub Semoti 17 66 3 14 g 114
\Atlantic rock crab Cancer irroratus _ _ _
(Green crab Carcinus maenas 4 4 68 293 154 234 789
crangonidae Crangonidae 302 1061 1 1 1365 1310 705 27 4 2048
Black crappie Pomoxis nigromaculatus
Cravfish Cambaridae
Cusk Brosme brosme
Blacknose dace Rhinichthys atratulus 3 17 2 22
lAmerican eel Anguilla rostrata 130 30 11 12 48 231 | 43 15 30 13 105 | 19 21 3 4 47
[Fallfish Semotilus corporalis 2 1 3
Windowpane flounder IS AGUOSUS 1 1
Winter flounder onectas americamis 2 2
Banded gunnel 3 ] 3 12 27
[Rock gunnel Pholis gunnell
\Atlantic red hake hyeis ch
Silver hake
White hake T 1 19 20
lAtlantic herring Clupea harengus 253 50 303 3 3
Blueback herring Alosa aestivalis 4 4
[River herring spp. Alosa 37 4850 42 10 4 603 180 28% 66 267 802
Banded killifish Fundulus diapharus 1 1
[Erill Euphausiacea 4 4
Minnow 152 153% 233 34 110 2108 34 328 222 1176 2080
Mummichog
Mysidacea
MNorthern redbelly dace  Phoxinus eos 3 3
[Perch spp. Percidae 6 3 7 14 30 1 1
White perch Morone americana 1 1
Yellow perch Perca flavescens 1 1
Chain pickerel Esox niger
Morthen pipefish Syngnathus; 5 2 2
Longhorn sculpin Myexocephalus octodecemspinosus
Sculpins spp. Cottidae 2 2
Sea lampreyv Petromyzon marinus 206 574 45 3 24 852 5 11 8 24
Common shiner Notropis corr 2 2
Golden Shiner Notemigonus crysoleucas 856 856 2 2 1 1
Redfin shiner Lythrurus umbrat 48 235 93 80 458 176 3% 24 1313 1352
Crangonidae Crangon septemspinosa 2 a0 62
lAtlantic silverside Menidia menidia 213 7244 5306 382 15%22(1635 235 1623 1569 5062|1253 187 40% 174 2023
silversides Atherinidae 1 1
Rainbow smelt Osm morda; 3 1 2 1]
Stickleback spp. 4 3 4 11 63 24 4 7 38
Blackspotted stickleback 1 25 26 3 14 3 ] 34
[Fourspine stickleback 22 25 202 11 200 464 | 111 85 165 30 351 | 761 171% 233 687 3400
Ninespine stickleback 17 10 57 11 33 1 1
Threespine stickleback  Gasn aculeatus 1 1 2
White sucker Catostomus commersonil 4 14 4 22 1 1 2
suckers Catostomidae
Pumpkinseed sunfish Lepomis gibbosus 4 2 6 2 2 4 1 5 7 g 22
Eedbreast sunfish Lepomis a1 1 1 2 12 14 1 1 2
lAtlantic tomcod Microgadus tomcod 1 1
Brook trout Salvelinus fontinalis 1 1
[Brown trout Salmo trufta 1914 10568 480% 5482 923 23696\ 1753 344 1818 1625 5380 (4217 3657 1216 3567 13057
Snapping turtle Chelydra serpentina

Table 6e. The number of individuals caught are shown for non-target species caught as part of the spring fyke net survey, by year and by site for Maine

rivers.

A multi-state collaborative to develop and implement a conservation plan for three anadromous finfish species of concern in the

Gulf of Maine; NOAA Award#: NAO6NMF4720249

p- 20 of 41




Mast Landing Schoppee Brook Tannery Brook

All All All
Species (common name) Species (scientific name) 2008 2005 2010 2011 2012 Years|200% 2010 2011 2012 Years| 2008 2005 2010 2011 2012 Years
|Alewife 13 36 80 4 5 138 | 502 7 27 34 3 2 3 8
[Largemouth bass 1 1
[Brown bullhead catfish 2 2 1 5 17 1 2 3
Creek chub 11 13 1 10 8 43 3 1 1 6 8
latlantic rock crab Cancer irroratus _ _ _ 1 1
(Green crab Carcinus maenas 2 2 5% 103 | 33 57 164 92 2126 2482
crangonidae Crangonidae 247 434 32 2 715 | 34 6 2 21 21
[Black crappie Pomoxis nigromaculatus 1 1
Cravfish Cambaridae 1 1
Cusk Brosme brosme 2 2
[Blacknose dace Rhinichthys atratulus 1 ] 1 3 1
lAmerican eel silla rostrata 13 45 B 20 11 S8 | 187 14% 16 334 455 | %6 124 133 115 55 523
[Fallfish Semotilus corporalis 2 2
Windowpane flounder  Scophthaimus aquosus 1 1 2 33 39 | 46 14 12 2 ] 14 48
Winter flounder Pseudopleuronectes americanus
[Banded gunnel Pholis gilli 3 2 3 3 7 28
[Fock gunnel Pholis gunnellus 1 1 1 1
latlantic red hake Urophycis ch 4
Silver hake Merluccius bilinearis 1 3 1 5
[White hake Urophycis tenuis 5
latlantic herring Clupea harengus
[Blueback herring Alosa aestivalis ] ]
[River herring spp. Alosa 1 16 3 2 3 30 1 1
[Banded killifish Fund iaphanus
[Erill Euphausiacea
Minnow ? 35 102 7 31 70 245 | 68 8 2 1 11 35 14 15 33 1 104
Mummichog hateroclitus 13 1 14
Myvsidacea Mysidacea 2
MNorthern redbelly dace  Phoxinus eos 1 1
[Perch spp. Percidae 3 2 3 3 1 5 6
[White perch Morone americana 2 2
[Yellow perch Perca flavescens
Chain pickerel Esox niger 5
MNorthen pipefish Syngnath
[Longhorn sculpin Myexocephalus octodecemspinosus| 1 1
Sculpins spp. Cottidae 5 5
Sea lamprev Petromyzon marinus 51 35 4 1 10 105 | 12 4 185 189 [ 28 18 46
Common shiner Notropis comu 1
\Golden Shiner Notemigonus : 24 24 28 28
[Redfin shiner Lythrurus umbratilis 1 1 3 5 | 843 2 7 ] 1 1 ] 11
Crangonidae Crangon septemspinosa 1 1
latlantic silverside Menidia menidia 4084 2220 367 6152 1045 135908 88 3572 54585 2056 11523\ 3357 5246 3808 1030 231 13672
silversides Atherinidae 1 1
[Rainbow smelt Osmerus mordax 12 11 23 4 4
Stickleback spp. Gasterosteidae 13 12 13 233 87 338 25 435 4% 59 218
[Blackspotted stickleback Gas ste 2 6 106 73 66 253 1 5 1 7
[Fourspine stickleback Ap 64 254 3%4 281 688 1721) 234 102 83 14 155 | 16 6 4 24 50
Ninespine stickleback Pungitius pung 22 7 29 61 4 133 11 2 3 5
Threespine stickleback  Gasrerosteus aculeatus 17 17
[White sucker Catostomus commersonil 1 1 4 4 4 2 13 15
suckers Catostomidae 10
[Pumpkinseed sunfish Lepomis gibbosus 1 5 8 2283 2297 5 23 28 1% 70 | 151 182 244 72 394 1043
[Redbreast sunfish Lepomis auri 8 2 21 24 1 36 51 5 4 7 26
latlantic tomcod Microgadus tomcod 1 1
[Brook trout Salvelinus fontinalis
[Brown trout Salmo a 4348 3050 1452 6551 4345 202262163 4286 5638 2755 126793844 5724 4437 1537 2825 18371
Snapping turtle Chelvdraserpentina

Table 6f. The number of individuals caught are shown for non-target species caught as part of the spring fyke net survey, by year and by site for Maine
rivers.
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Monitoring the Winter Smelt Fishery

NHFG has conducted winter creel surveys since 1978. The survey occurs from ice in to ice out, generally
between the months of December and March. Four locations are sampled: the Lamprey, Oyster/Bellamy and
Squamscott rivers as well as Great Bay. These surveys are conducted under the Wallop-Breaux Sport Fish
Restoration Program and were not conducted under this project. The data from this survey were analyzed for the
species conservation to show population trends (Appendix A), and the methods were adopted by ME DMR who
began creel surveys under this grant in 2009.

Adopting sampling methods currently used by
NHF&G (Sullivan 2009) and methods used in a 1979-
1982 study conducted by the ME DMR (Flagg 1983),
ME DMR again began conducting creel surveys in
2009 in the Kennebec River and Merrymeeting Bay
area (Figure 6). As part of this survey, DMR staff
visited participating camps two or three times per
week on a rotating basis to collect biological
information about the recreational catch. Staff
collected biological information from a subset of each
angler’s catch (up to 100 fish per angler), including
length, sex, scale samples for ageing and fin clip
samples for genetic sampling. The number of anglers, . . . . ‘

fishing hours, and the number of fishing lines used  Fure. e commarialopeions st smpvhrs o 1510 e ks n
was also recorded. The field pI'OtOCOl for this ME exclusively. ME DMR performs surveys 2-3x week, visiting camps on a rotating
DMR survey is included as Appendix L. schedule. Each camp is visited a minimum of two times each season.

CPUE was calculated as the total number of smelt caught per line-hour of fishing to remain consistent with
surveys conducted by ME DMR 1979-1982. The recent survey found a slightly lower CPUE (0.48), compared
to the 1979-1982 study CPUE (0.64), however inter-annual variability was significantly larger than the
comparison between the two study periods ( Flagg 1983). While annual fluctuations in CPUE occurred in both
surveys, the recent survey had the lowest CPUE recorded (0.17) during the two time series.

Catch Card boxes were also posted at each camp for fishermen to voluntarily report information about their
total smelt catch and any bycatch; responses varied widely between sites and between years. There were 122
responses in 2009, 6 in 2010, and 37 in 2011 for all camps combined. It is our hope that with continued
interaction with anglers and camp owners that the number of responses will increase. Despite the low number of
responses in 2010, the Catch Cards still reflected the catch patterns found in creel survey data.

Additionally, the commercial winter fishery and recreational winter fishery in Washington County was sampled
for beginning in 2010. The fisheries on the Pleasant and Narraguagus Rivers constitute a large part of the
remaining commercial efforts in Maine. We worked with the Downeast Salmon Federation, who is interested in
documenting the smelt fishery as one of the oldest fisheries in the country, to sample both the commercial and
recreational fisheries.

A multi-state collaborative to develop and implement a conservation plan for three anadromous finfish species of concern in the
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Comparing data from the Maine DMR 1979-1982 study

(Flagg, LN. 1983. Final Report: Evaluation of Anadromous ) Total Catch TowlEffot ~  CPUE
Fish Resources. Maine Department of Marine Resources. e SR (el Cuelper iedlow)
Project # AFS-21R) to data collected 2009-2012, the 1980 197853 355,850 0.5560
current survey has observed a catch per unit effort (CPUE) ooy P o e
that is almost half that of the previous survey (1979-82 2009 1353 1865 0.7308
CPUE = 0.6351, 2009-12 CPUE = 0.3724), however inter- o o e N
annual variability was significantly larger than the 2012 716 1213 01700
comparison between the two study periods (Table 7). 1975-1982 Combined 1,301,539 2,049,269 0.6331
2009-2012 Combined 4746 12743 0.3724

CPUE was calculated as total number of smelt caught per
line-hour of fishing. Both surveys observed annual Table 7. Catch per unit effort (CPUE) was calculated as the total number of
fluctuations in CPUE’ but the recent survey saw the lowest smelt caught per year by the total number of line-hours each year.

CPUE recorded (0.1700).

200 2009 Mean Length = 185.6
The mean length differed significantly between males and = I I I g
females within each year 2009-2011 (t-test e — i Ilna__
p<0.0001<0.05 in all cases) and between the years for 150] Honemtms B
each sex (ANOVA p<0.0001<0.05 in all cases). Mean 18 g
length was significantly higher in 2010 and 2012 § s - —muBBE_ __ =
compared to 2009 and 2011 (Figure 7); concurrently, & 2011 Mean Lengtn = 162.9 )
CPUE also was lower in 2010 and 2012 (Table 6). 1001 I I E
Because younger age classes can constitute a larger 52: - I I -
proportion of the population than older sage classes, this s PTG = S
lower CPUE combined with a larger average length in 1001 =
2010 and 2012 may indicate a problem with a younger 52:
age class (poor juvenile survival in the previous year). HRETSEEXEREANS S BED
:The mean l‘ength qecreased in 201 1" Whlle the CPUE Figure 7. Length frequency by year for smelt sampled during the ME
increased, indicating that the age distribution was more DMR winter creel surveys 2009-2012. The average length in 2010 and

: : 2012 was significantly higher than in 2009 and 2011 (ANOVA and Each
normal in this year (younger age classes were better Pair t-Test p < 0.0001) indicating that younger age classes were

represented). In most years, the mean sex ratio (M:F) was ~ underrepresented in 2010 and 2012.

roughly even (2009 = 1.63; 2010 = 1.54; 2011 = 1.51),

although was higher in 2012, when more than twice the number of males were caught compared to females
(2012 =2.19).

Catch Card boxes are also posted at each camp for fishermen to voluntarily report information about their total
smelt catch and any bycatch. Catch Card responses varied widely between sites and between years. We received
125 responses in 2009, 6 in 2010, 41 in 2011, and 27 in 2012 from all camps combined. The low response in
2010 was most likely due to anger about the new required Salt Water Fishing License, which was undergoing
state public hearings during the fishing season. It is our hope that with continued conversation with anglers and
camp owners that the number of responses will increase. Despite the low number of responses in 2010, the
Catch Cards still reflected a sharp decline in catch from 2009 to 2010, and increase again in 2011 (mean
reported catch 2009 = 119.9; 2010 =44.7; 2011 = 131.7; 2012 = 46.7). This trend was also evident in the creel
survey data.

We are currently developing age-at-length keys to compare the age composition of the current population to that
of the 1979-1982 survey and the NHFG surveys. We will continue to monitor the camps to develop a longer-
term dataset to understand more about inter-annual variability and changes in the population.
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Icthyoplankton Survey

To update information about the timing and location of rainbow smelt and Atlantic sturgeon spawning in the
Kennebec, Androscoggin, and Eastern Rivers, we conducted icthyoplankton surveys at four locations in the
river complex June — August 2011. Various survey methods were used at each site to understand which methods
are most effective at catching larvae, how this may differ between sites, and which methods may be most
effective for each species. Three sites were placed directly below the spawning grounds on each river
(Kennebec River: GARD; Eastern River: EAST; Androscoggin River: ANDRO). At these three sites, four
methods were employed once a week: overnight D-net set; two 20-minute surface plankton tows; two 1-hour
stationary plankton net sets; and overnight light trap set. The light traps were made of three clear, plastic jugs
and one mesh minnow trap on spaced out on one line with light sticks in each. The fourth site was located
downstream of all other sites on the Kennebec River (BATH). Two 20-minute surface plankton tows and two 1-
hour stationary plankton net sets were made weekly at this site Because of strong current and high discharge, no
overnight sets were made at this site. All stationary plankton nets and D-nets were set on the bottom substrate.
All samples were sorted and identified to the species level. The final report for this survey is included in
Appendix M.

Activity 4 - Develop a Predictive GIS Habitat Model - Years 1-3

Changes in land cover in a watershed can affect receiving waters in ways that alter habitat conditions, water
quality, and biological communities. Urbanization and agricultural activities contribute to erratic flow levels,
warmer water temperatures, channel alterations, sedimentation, chemical and bacterial pollution, and nutrient
loading. These physical and chemical changes can secondarily affect anadromous fish spawning success when
the impacts from landscape alterations in the watersheds of rivers they use for spawning and rearing. We used
regionally standard GIS datasets to compare different watershed characteristic variables to adult rainbow smelt
spawning populations. Variables were considered that were available at the same resolution for the entire Gulf
of Maine region and that had been shown to affect water quality and/or spawning habitat. These included:
watershed size, number of downstream and upstream road crossings, population density, land cover type, and
impervious surface cover. The methods used to choose these datasets and extract the data at the appropriate
spatial scales were presented at the 2009 Coastal Services Center GeoTools Conference.

Watershed characteristics were then compared to smelt spawning success in three different ways. First, we
investigated the relationship between watershed land cover and rainbow smelt spawning habitat use along the
coast of Maine using the 2007-2009 Marine Patrol survey data as a response variable. Our ultimate objective
was to evaluate whether land cover characteristics can be used to prioritize conservation areas for rainbow
smelt. Each spawning site in Maine was given a rank (0-5) depending on the strength of spawning at that run.
Using these ranks, we explored the relationship between adult spawning strength and land cover characteristics
using cluster analysis and ordered logistic regression.
The dominant pattern showed that highly developed

Correlation with smelt spawning CPUE

Stream Buffer Zone

watersheds did not support rainbow smelt spawning. Land Cover Watershed Level (210m)
. . % developed -0.62 -0.48

COI’IVC.I'SCIY, sites that support hlgher ICVC‘IS of smelt % developed open space (parks, golf courses) -0.47 -0.32

spawning (ranks 3 and 4) generally had higher forest % forest 0.60 0.60

cover than those ranked lower (ranks 1 and 2). This “’eﬂanﬁu et e

. . . . . 7o agriculture -0

analysis is only summarized here; a full description of  jumiber ofdownstream crossings 046 046

the methods, analysis, and discussion of results was , . . .

. . Table 8. Spearman’s rank correlation between rainbow smelt spawning
written for the Fourth North American WOI‘kShOp on CPUE and land cover at two spatial scales. Correlation coefficients in bold
Rainbow Smelt proceedings and is included in type indicate significance at the p = 0.5 level.

Appendix E.
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Next, we compared watershed characteristics to data collected as part of the fyke net spawning surveys. In this
study, we evaluated correlations between rainbow smelt CPUE and the land use in the adjacent watersheds at
two spatial scales: (1) the full drainage basin and (2) the 210-meter buffer immediately adjacent to the stream.
Correlations between the aggregate mean CPUE of spawning rainbow smelt over 2008-2011 (standardized
based on net coverage of the stream width) indicate that weak spawning runs exist in rivers surrounded by
urbanized watersheds, while rivers draining forested watersheds support strong smelt spawning populations
(Table 8). Interestingly, the negative association between development and CPUE was substantially stronger at
the scale of the full drainage basin than when only the riparian buffer zone was considered, possibly because
many rivers within urbanized watersheds have extensive riparian wetlands in their buffer zones. The presence
of these wetlands at the 210-m scale weakens the influence of urbanization on smelt spawning. Other land
cover types and the number of downstream crossings, at either the scale of the watershed or riparian buffer
zone, were not significantly correlated to the strength of rainbow smelt spawning populations.

Finally, we considered the relationship between watershed characteristics and water quality, nutrient loading,
and periphyton growth at the fyke net index sites. The development of wetlands, agricultural fields, or forested
areas replaces porous soils with impervious surfaces, which increases the velocity of water flowing off the land
and the supply of suspended sediments, nutrients, and contaminants to adjacent streams. In aquatic ecosystems,
these nutrients can promote algal blooms, deplete oxygen, and degrade fish habitat. Correlations between
watershed land use (at the watershed and riparian buffer scales) and water quality parameters, nutrient levels,
periphyton growth, and heavy metal concentrations were evaluated using Spearman’s rank correlation statistic
(Table 9). Correlations were similar at full watershed and riparian buffer scales, indicating that land use in the
broader watershed exerts a similar influence on water quality as land use immediately adjacent to the receiving
stream. Comparing correlations between land cover type, higher percentages of developed areas are associated
with higher stream dissolved (available) nitrogen and heavy metals concentrations; conversely, highly forested
watersheds are associated with lower concentrations of nitrogen and metals. Because periphyton growth is
dependent on available nutrients (like dissolved nitrogen), and because heavy metals can negatively affect
embryo development and survival, this pattern suggests that protecting forested areas is important for
maintaining water quality conditions that are beneficial to rainbow smelt.

Full watershed Stream butfer

Yadev  Ydevopen  %forest  Ywetland  %eg | Y%dev  Ydevopen  forest  Mwetland  %ag
Water guality
conductivity 0.95 0.9 -0.83 -0.16 0.12 | 0.94 0.92 -0.79 -0.01 -0.24
DO cone. 0.67 0.65 -0.38 -0.18 0.18 | 0.51 056 -0.34 -0.05 -0.2
pH 0.36 0.39 -0.25 -0.42 0.01 | 0.42 0.43 -0.3 -0.33 -0.14
turbidity 0.32 0.47 -0.22 0.14 0.04 | 0.28 0.51 -0.12 -0.21 -0.18
TP 0.26 0.34 -0.46 0.21 0.04 | 0.36 0.31 -0.48 -0.11 -0.02
TN 0.87 0.77 -0.81 0.1 0.16 | 0.85 0.74 -0.74 0.24 -0.18
AFDW 0.62 0.489 -0.57 -0.1 0.23 | 0.69 0.55 -0.58 0.04 -0.02
alkalinity 0.83 0.77 -0.66 0.23 0.14 0.8 076 -0.66 -0.05 -0.25
hardness 0.83 0.78 -0.7 -0.24 0.11 | 0.88 0.88 -0.68 -0.16 -0.33
Metals
Al -0.53 -0.44 0.46 0.2 0.22 | 039 -0.28 0.56 0.02 0.13
As 0.54 0.45 -0.44 0.13 0.22 | 0.61 057 -0.4 0.15 -0.04
Ca 0.83 0.75 -0.68 -0.3 0.16 | 0.86 082 -0.57 -0.18 -0.36
Cu 0.58 0.45 -0.37 0.41 0 0.42 0.35 -0.41 -0.25 -0.09
Fe 0.26 0.43 -0.32 0.22 0.42 | 0.19 0.41 -0.3 0.24 0.34
Mg 0.86 0.84 -0.74 -0.05 Q.06 | 0.89 0.92 -0.67 -0.01 -0.26
Ni 0.89 0.89 -0.74 0.21 0.04 | 0.81 0.83 -0.69 -0.08 -0.2
Pb 0.64 0.63 -0.72 -0.45 -0.81 | 0.81 0.59 -0.64 -0.36 0.8
Zn 0.7 0.74 -0.87 0.29 035 | 0.74 0.71 -0.82 -0.25 -0.44

Table 9. Spearman’s rank correlation between water quality metrics and land cover at two spatial scales (e.g.,
full watershed and riparian buffer zone). Correlation coefficients in bold type indicate significance at the
p=0.05 level.
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Activity 5 - Rainbow Smelt Threat Identification - Years 1-4

Spawning Habitat Water Quality, Nutrient Loading, and Periphyton Studies

Smelt deposit demersal (sinking), adhesive eggs at fast-flowing riffles, where they attach to the substrate or
aquatic vegetation. The duration of egg incubation is related to water temperature (McKenzie 1964), and in the
Gulf of Maine, eggs hatch 7-21 days after fertilization (Chase et al. 2008, McKenzie 1964). The success of this
reproductive strategy depends on suitable water and habitat quality. In many watersheds, the tidal interface is
the physical location favored for the development of commerce and community centers. This change in
landscape can lead to hydrologic alterations, particularly in urban areas, leaving streams vulnerable to point and
non-point source pollutants; nutrient enrichment; and reduced stream flow, shading and riparian buffer.

Changes in spawning habitat may be a major factor in the decline of smelt populations. However, up to this
point, the effect to which water quality impairment may be impacting smelt populations in the Gulf of Maine
has not been described. With this concern in mind, we developed monitoring programs to assess baseline water
and habitat conditions at smelt spawning habitat index sites spanning the entire U. S. Gulf of Maine and
explored possible impacts on spawning success resulting from changing habitat conditions.

Five indicators were measured to assess water quality at smelt spawning index sites: basic water chemistry,
nutrient concentrations, periphyton growth, heavy metal concentrations, and aquatic macroinvertebrate
communities. The sampling was guided by a Quality Assurance Program Plan (QAPP) for monitoring water and
habitat quality at smelt spawning habitats in coastal rivers on the Gulf of Maine coast (Chase 2010, Appendix
F). The QAPP integrates smelt life history with existing state and federal water quality criteria, with the
objective of developing a standardized process to classify the suitability of smelt spawning habitat.

Summary statistics were generated for water quality data by site and then compared to thresholds assembled
from existing water quality criteria. The U.S. Environmental Protection Agency (EPA) developed criteria for
turbidity, total nitrogen (TN) and total phosphorus (TP) based on the 25t percentile of the distribution of
observed values in an ecoregion (US EPA 2000). The 25 percentile is the value of a given parameter where
25% of all observations are below and 75% are above. The 25™ percentile was adopted by EPA as the threshold
between degraded conditions and minimally impacted locations. Additionally, the Massachusetts Department of
Environmental Protection (MassDEP) established Surface Water Quality Standards (SWQS) for temperature,
pH and dissolved oxygen (DO) as part of their Clean Water Act waterbody assessment process (MassDEP
2007). These thresholds were selected to protect designated categories of aquatic life, including fish habitat.
Stations were classified as Suitable (minimally impacted) or Impaired for each parameter. Water quality data
were also evaluated to explore the potential of establishing new thresholds specifically derived from smelt
spawning habitat measurements.

The species conservation plan describes in detail the data and results for the basic water quality parameters,
nutrient concentration, periphyton growth, and heavy metal concentrations (Appendix A), and will not be
repeated in this section. The laboratory component of the periphyton and sedimentation studies are presented in
the journal Aquatic Sciences (Wyatt et al. 2010), and are presented in the final report from the University of
New Hampshire (Appendix N). In addition to the data presented, Yellow Springs Incorporated (Y SI) water
chemistry sondes were used to measure continuous water quality data (water temperature, dissolved oxygen,
specific conductivity, pH and turbidity) at selected index sites. At all field sites were periphyton growth was
measured, HOBO continuous loggers were deployed in 2008 and 2009 and canopy covered was measured.
These data have not been synthesized but are available from the state agencies by request.
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Biomonitoring

In the spring of 2010, we monitored the composition of aquatic macroinvertebrate communities at each index
site as a measure of overall water quality in each stream. It was our hope to create invertebrate diversity indices
for each index site based on overall diversity and weighted by diversity and presence of environmentally
sensitive species. The Maine Department of Environmental Protection (ME DEP) uses this method to classify
all Maine waters (http://www.maine.gov/dep/water/monitoring/biomonitoring/index.html), and worked with the
ME DMR to adopt their methods to our index sites, and share their data analysis techniques. Unfortunately, the
results from our macroinvertebrate samples did not conform to the ME DEP classification scheme, and no
conclusion could be drawn from the samples. The ME DEP classification scheme compares the proportion of
each taxa found at a certain site. Depending on the relative proportion of each taxa, the site is classified on a
scale that indicates how pristine the water quality is at that site. Because our sampling was performed at the
head of tide at the smelt spawning index site locations, we observed considerably different taxa composition
than the ME DEP scheme, and sites were either classified with a lower rank than appropriate based on our other
water quality sampling, or no rank was able to be assigned. We had not expected this outcome when adopting
the ME DEP methods because we were sampling in the freshwater portions of the streams, however the
proximity to tidal waters likely had a larger effect than we initially expected. The final report which includes the
data is included in Appendix O.

Identifying Genetic Stock Structure

Understanding the genetic structure of a species and the driving factors behind that structure is central to well-
designed species management. A species may be comprised of one or more genetic stocks, separated by
different spawning areas or physical barriers. Managing a species at too large a scale (i.e., assuming there is
only one stock when there are multiple) may lead to the loss of genetic structure and the benefits of local
adaptation. Managing at too small a scale (i.e., assuming stocks are isolated within individual rivers when in
fact there is some mixing), neglects the important role of gene flow and results in loss of genetic variation
(Kovach et al., in press).

From 2006-2010, we collected genetic samples at 18 spawning site index stations spanning the U. S. Gulf of
Maine to understand if unique genetic stocks existed and the extent of gene flow between spawning
populations. All information is presented in the species conservation plan (Appendix A) and was reported by
the University of New Hampshire (Appendix N) and in detail by Kovach et al. (in press).

The three most genetically divergent populations N
were found in Cobscook Bay, Maine, —

Massachusetts Bay, and Buzzards Bay, A
Massachussetts. Penobscot Bay and Casco,

2 2
<
Maine also showed some differentiation. Gene o —
flow was high between rivers from downeast

coastal Maine, the Kennebec River, ME, and & &S FISITEeN o &S S S
I

Great Bay, NH to northern Massachusetss; all SN MAKCAMCIENNNN ™
were dominated by the same genetic Signal- Figure 8. Membership, as identified by STRUCTURE analysis, of rainbow smelt from 18
Midcoast Maine also seemed to be part of this river systems to (A) K =5, (B) K=4, and (C) K = 6 genetically similar clusters. Each line

.. . represents the proportional assignment of an individual to the clusters, represented by the
large StOCk, but also showed distinct Slgnals different colors. Figure from Kovach, A.L, et al., Identifying the spatial scale of
from Penobscot Bay and Casco Bay (Figure 8) population structure in anadromous rainbow smelt (Osmerus mordax). Fish. Res. (2012),

http://dx.doi.org/10.1016/j.fishres.2012.07.008
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These groupings can assist management decisions on stocking efforts, with the goals of maintaining distinct
stocks where possible, while still preserving gene flow to maintain and replenish genetic diversity. Although the
study did not find evidence of genetic bottlenecking, genetic variation was significantly reduced in the two most
distinct regions: Buzzards Bay (Weweantic River), and Cobscook Bay (East Bay Brook) (Kovach et al., in
press). The reduced diversity in the Weweantic River is consistent with its location at the southern extent of the
species range, where populations can have reduced gene flow and lower spawning population sizes (Schwartz et
al. 2003). The reduced variation in Cobscook Bay is more likely due to isolation by circulation patterns. The
reduced diversity and distinctive nature of these smelt runs warrant further population monitoring and possibly
updated protection measures.

Activity 6 - Tasks Unique to Atlantic Sturgeon - Years 1-4

The Atlantic sturgeon population in the Kennebec Estuary is genetically distinct and can be statistically
differentiated from other populations along the U. S. East Coast (Wirgin et al. 2000; Waldeman et al. 2002).
Within the Gulf of Maine, spawning Atlantic sturgeon have been documented in just two other rivers (Dadswell
2006; ASSRT 2007), the Saint John River (New Brunswick, Canada) and the Annapolis River (Nova Scotia,
Canada). The attributes of the study area, including large volumes of fresh water discharge in spring during
spawning, large areas of tidal freshwater habitat for juvenile growth, and large interconnected areas of
mesohaline and polyhaline habitat for adult foraging may have allowed Atlantic sturgeon to persist at low
levels.

The ME DMR began surveys targeting shortnose sturgeon and Atlantic sturgeon populations in the Kennebec,
Androscoggin, and Sheepscot estuaries in 1977-2001 to understand more about their movements within the area
and identify important habitat. Surveys were performed using gill net and ichthyoplankton net sampling, Carlin
and PIT tagging, and radio and acoustic telemetry. During the current grant, we compiled these data and used
the results to inform expanded Atlantic sturgeon telemetry and habitat identification work. This work was
summarized by Wippelhauser and Squiers and will be submitted for publication in spring 2013. The species
conservation plan (Appendix I) also summarizes the information.

Beginning in 2006, researchers at ME DMR (through this grant project), the University of Maine, and
University of New England independently began acoustic telemetry studies of Atlantic sturgeon in three Gulf of
Maine river systems: the Penobscot, Kennebec/Androscoggin, and Saco rivers, respectively. The studies had
similar objectives: to identify habitat use, seasonal distribution and abundance, and migration routes, and to
identify genetic structure within the Gulf of Maine. To this end, ME DMR reinstated the gill net survey in the
Kennebec/Androscoggin estuary area and began tagging Atlantic sturgeon with both external (spawning
condition fish) and internal (non-spawning condition fish) hydroacoustic transmitters (VEMCO V16). An array
of 18-20 stationary acoustic receivers was deployed at 16-20 sites in the study area (Figure 9). In most
instances the receivers were deployed in narrow reaches of the channel, and a single receiver was able to
monitor the entire width of the channel for tagged fish. Receivers typically were deployed in April and
retrieved between October and November, but not all receivers were deployed each year of the study. Mobile
tracking was conducted occasionally with a portable receiver and directional hydrophone.

The species conservation plan (Appendix I) provides a thorough discussion of the methods, results, and
implications, and will only be summarized briefly here. We captured 114 Atlantic sturgeon in the Kennebec and
Androscoggin estuaries at 25 sites that were sampled on 79 dates between 2007 and 2012. Most sturgeon were
PIT tagged (n=106), 19 were tagged externally with an acoustic transmitter, and 20 were implanted internally
with an acoustic transmitter. Tissue samples were taken from 64 fish, but to date genetic analysis has been
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conducted only for samples taken from 2009 to 2011.
To confirm spawning, we attempted to capture
sturgeon eggs and larvae with D-nets. The net was set
on the bottom downstream of spawning fish.

Two new spawning areas were confirmed for Atlantic
sturgeon in the Androscoggin Estuary below
Brunswick Dam and one in the Kennebec River,
which only became accessible when Edwards Dam
was removed in 1999. Interestingly, some Atlantic
sturgeon tagged in the Saco and Penobscot also
spawned in the Kennebec; however, the opposite was
not observed. The capture of two Atlantic sturgeon
larvae in the Kennebec River, 1 km above the former
location of Edwards Dam, and one in the Upper
Kennebec Estuary, approximately 1.6 km below the
former dam, confirmed spawning in the tidal and
newly accessible riverine portions of the Kennebec.

Some juvenile and subadult Atlantic sturgeon may
remain in the Kennebec during the winter. During late
fall gill net sampling, we captured four Atlantic
sturgeon while fishing for shortnose sturgeon at a
newly identified wintering area in the upper Kennebec

Figure 9. Map of the study area in the Kennebec, Androscoggin, and Estuary In December 2012. we used an ROV and an
Sheepscot estuaries, Maine. Receiver locations are indicated black circles. ' ’ .
Gill net sampling stations indicated by black stars. Letters indicate the underwater camera to confirm that sidescan sonar

Sasanoa River (S), Back River (B), Hockomock Bay (H), Montsweag Bay

targets at the wintering area were sturgeon. While
(M), and Knubble Bay (K). Dams are indicated by heavy black lines. g g g

most of the fish appeared to be shortnose sturgeon, it
was difficult to distinguish between these and possible small Atlantic sturgeon. To further document the
overwintering habitat, we used multibeam sonar to characterize the substrate and topography of the bottom
habitat. We found that the area is shallow (5-10m) with sandy bottom.

Tissue samples taken in 2009-2011 from spawning fish in the Kennebec and Androscoggin were included in
analysis performed by Wirgin ef al. (2012) that used microsatellite DNA and mitochondrial DNA control region
sequence analysis to quantify the stock origin of Atlantic sturgeon caught in Minas Bay in the Bay of Fundy,
Canada. Wirgin et al. (2012) reported that 34-36% of the fish caught in the Minas Basin were fish originating
from the Kennebec River (sample size was too small to distinguish the Kennebec from the Androscoggin).

Objective 3 - Establish a fish health monitoring program

Activity 1 - Years 1-5

Monitoring Fish Health

Improving understanding of fish health status as well as the abundance, geographic distribution, and vectors of

areas of study necessary to support the development and implementation of conservation strategies designed to
protect and restore rainbow smelt populations. Pathogens can adversely affect both juveniles and adults in both
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general and acute ways, including organ failure, energy loss, interruption of hormonal pathways and
reproductive weakness.

We characterized pathogen presence in rainbow smelt at fourteen of the fyke net spawning index sites over a
two-year period, 2009-2010. The results are discussed briefly here; a full report detailing the results from each
index site is included in Appendix P.

Sampling did not detect bacterial pathogens of regulatory concern but did detect endemic parasites that are well
documented for similar anadromous species. Parasitological results were typical of wild fish populations, with
various trematodes (e.g., black grub), cestodes, nematodes and protozoa observed at all sites. A microsporidian
parasite detected in various tissues of many individuals in this study was not identified as to species, but is
consistent with Glugea hertwigi, which was confirmed at one site: the Fore River, Massachusetts. This parasite
has been documented extensively in freshwater smelt can be detrimental to successful spawning because this
parasite infests the gonads of smelt (Jimenez et al. 1982, Nsembukya-Katuramu et al. 1981). The observation of
large numbers of Philometra spp.-like nematodes in the gonads of the majority of female fish in the study is also
consistent with reports of this parasite as an opportunistic pathogen of spawning female fish in other species
(Moravec and de Buron 2009).

Virology results revealed a viral agent from adults from Casco Bay, Maine; however, it is difficult to place any
significance to this agent at the present time because the virus is not similar to currently catalogued agents
(IPNV, IHNV, ISAV, and VHSV have been ruled out by PCR techniques). More analysis on this agent is
needed to fully understand the physiological effects it may be having. Fish from a majority of the sites spanning
the entire Gulf of Maine region showed evidence of erythrocytic disease, or degradation of red blood cells,
leading to anemic effects. This last point may be of specific concern and warrants further investigation to
understand the extent of disease and causal factors.

Toxic Contaminant Screening

The ME DMR worked collaboratively with the ME DEP and Maine Bureau of Health to coordinate collecting
rainbow smelt to assess concentrations of toxic contaminants and co-planar PCBs. The Maine Bureau of Health
used this information when considering an advisory for fish consumption with regard to on smelt caught from
the Kennebec River. The regional Subcommittee on Rainbow Smelt decided to additionally screen smelt from

Average Metal Concentration

State Site Name Aluminum Cadmium Chromium Copper Iron I ead Mercury  Nickel Selenium Zinc
Fore River 3.080 - 2.313 11.650 0.018 251.850 0.260 0.658 31.965
MA Jones River 9.648 - 0.605 2.730 13.825 0.023 212.350 0.540 0.568 251.350
North River 2.320 - 8.248 1.235 82.000 0.005 267.725 0.090 0.610 30.800
Parker River 2.595 - 0.000 1.408 5.625 0.012 187.150 - 0.618 36.750
Chandler River 6.998 - 0.490 1.660 17.800 0.146 189.550 0.208 0.765 37.300
Deer Meadow Brook 4.582 0.003 0.236 1.328 12.175 0.032 218.630 - 0.691 46.465
East Bay Brook 3.343 - 0.090 1.558 11.725 0.009 155.625 - 0.758 38.150
ME Long Creek 1.653 0.006 0.285 1.473 9.575 0.019 214.875 - 0.725 35.500
Mast Landing 5.340 0.012 0.110 1.305 6.600 0.020 199.675 - 0.658 38.300
Pleasant River 5.940 - 0.503 3.735 12.300 0.021 178.900 0.568 0.673 36.425
Schoppee Brook 7.590 0.006 0.598 2.823 16.600 0.026 216.825 4.715 0.608 47.775
Tannery Brook 4.758 - 0.080 0.995 8.625 0.006 254.675 - 0.635 35.475
~NH Squamscott River 30.5%0 0.012 0.190 2.742 3.592 0.032 279.342 0.275 0.692 41.018
Winnicut River 10.107 0.031 4.437 2.327 23.600 0.026 136.350 2.173 0.820 56.620

Table 10. Average metal concentrations are shown by site. Metal concentrations were determined for two batches of ten smelt from each site,
one composed of only males, the other of only females. These values show the mean value for both sexes.
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13 index sites as well as one river in Maine where smelt are commercially harvested for 209 polychlorinated
biphenyl (PCB) congeners, mercury and other metals. The final laboratory reports are included in Appendix Q.
The average metal concentration varied between sites (Table 10). Notably, no cadmium was detected in any

smelt from Massachusetts, and while silver was tested

for, it was not detected in fish from any site.

While it is d

ifficult to discern a pattern between the

sites using the metals data solely, comparing total
PCB concentrations among sites provides some

insight. We

considered PCB concentrations by

brominated diphenyl ethers (BDE) homologs (di-, tri-
, etc.), and total PCB concentrations (pg/g) by weight
type (dry, lipid, wet). The average total PCB
concentration was found to be highest in smelt from

Massachuse

tts index sites, followed by New

Hampshire sites, while concentrations in Maine fish
were consistently lower than the other two states
(Table 11 and Figure 10). Interestingly, the southern

most Maine

index site, Long Creek, which is located

in a highly developed watershed, also showed the
highest PCB concentrations.

Dry Weight Concentration (pg/g)
NH

6000000
&2 5000000

(
B
o
=]
]
=]
o
o

=]

3000000
2000000

Concentration (pg

1000000

W Dry Weight
Lipid Weight
m Wet Weight

0 T

Chandler River

Deer Meadow Brook
East Bay Brook
Long Creek
Mast Landing
Winnicut River
Squamscott River
Tannery Brook
Fore River
Jones River
North River [
Parker River

Figure 10. Average PCB concentrations are shown for each site by weight type (dry,
lipid, wet) PCB concentrations were determined for two batches of ten smelt from
each site, one composed of only males, the other of females. These values show the

mean value for both

SEXes.

ME ME
BDE Homalog [Chandler Biver Deer Meadow Brock East Bav BrookLong Creek Mast Landing [Winnicut Biver Squamscott River|Tannarv Brook Fors River Jones River North River Parker Rive
Chlorobipheryl 64 6.03 442 53 361 1835 6.43 30.68 1.76
Di-EDE 16123 8390 9913 348.63 51325
Tu-EDE 326.38 42925 04426 454640 287951
Tetra-BEDE 3369922
Penta-EDE 9464113
Hexa-BEDE
Hepta-EDE
Oct-BDE
[Nona-BDE
Deca-BDE )
Grand Total 93998.04 33662.74 3

Lipid Concentration (pg/g)

ME NH ME
BDE Homalog |Chandler Biver Deer Meadow Brock East Bav BrookLong Creek Mast Landing [Winnicut River Squamscott River|Tannarv Brook Fore River Jones River North Riv
Chlorobipheryl 57 4730 69.80 T3.65 4313 )
Di-EDE 5 5 194210 S01.65 111847
Tu-EDE 4815.60 A5 897155 6021.95 492327
Tetra-BEDE 3806140 3418363 90008.84 6818370 20368930 3326392 65

13793122
Penta-EDE 8884397 11879020 33169740 464709.10 83936.36 0 161224645 94267340 43191937
Hexa-BDE TOT68.96 13848563 21060.71 69676820 34424390
Hepta-EDE 10171455 218791633 ) 43369333
Oct-BDE 86343 63349.87 11710877
[Nona-BEDE 3112000 3688333
Deca-EDE 1623333 1278333
49116694
Grand Total 33432649 731823.66 413960.67 110940318 66803345 | 163215930 1690868 .50 33647487 5 3154261.103091223 35 1655772.17
Wet Weight Concentration (pg/g)

ME NH ME
BDE Homolog [Chandler River DeerhMeadow Brook East Bav BrookLong Creek Mast T anding [Winnicut River Squamscott River|Tannery Brook Fore Biver Jones River North River Parker Bive:
Chlorobipheryl 080 0.89 093 1.14 0.75 409 1.38 6.89
Di-EDE 36. 20.09 20.74 102.66 7399 114,60
Tu-EDE 1 24977 8961 Q0017 298341 632.67
Tetra-BEDE 19 2821.63 603.83 24 1318201
Penta-EDE i6 6431.71 1369.59 29666.17
Hexa-BDE 52 349837 144979 5
Hepta-EDE 63 204112
Oct-BDE 13 38019
[Nona-BEDE 5 16343
Deca-EDE 15 69.95
Grand Total 21 2369033 6389.01

Table 11. Average PCB concentrations are shown for site by BDE homolog and weight type (dry, lipid, wet) PCB concentrations were determined
for two batches of ten smelt from each site, one composed of only males, the other of females. These values show the mean value for both sexes.
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Our goal was to collect information about contaminant concentrations found in smelt representing a wide
geographic region and located in a range of watershed types. We did not explore the physiological effects that
contaminant accumulation may be causing in smelt. This is a topic for further research. The data collected by
this effort can provide information about the range of concentrations that may be observed in wild populations.

Objective 4 - Develop a set of conservation and restoration strategies
Activity 1 - Years 1-5
Develop Regional Conservation Plans

Data collected as part of this project were analyzed and pertinent results were synthesized for the conservation
plans for both rainbow smelt and Atlantic sturgeon. These conservation plans summarize historical information
for each species, present relevant data that have management implications, and present both state and regional
management recommendations. This Atlantic sturgeon conservation plan is included as Appendix I, and the
smelt conservation plan is included as Appendix A. The species’ conservation plans were presented to the
directors of each state agency for approval and were accepted. The Atlantic sturgeon conservation plan will be
available through ME DMR and will also be distributed to the regional management councils. The rainbow
smelt conservation plan was printed in a limited quantity and distributed to regional agencies and organizations
(e.g. NMFW Northeast Regional Office, Piscatiqua River Estuary Partnership, Wells National Estuarine
Research Reserve, USFWS regional offices) at the January 2013 Diadromous Species Restoration Research
Network meeting. Each state agency still retains a small number of copies to distribute by request, and will also
hold copies at each agency’s research library. The rainbow smelt conservation plan is also available online
through the regional website (restorerainbowsmelt.com), and on the ME DMR website
(http://www.maine.gov/dmr/smelt/index.htm).

Each state will work towards implementing all recommendations. For Atlantic sturgeon, the following points
were recommended:
1. Identify and designate critical habitat in the Kennebec, Androscoggin, and Sheepscot rivers
Consultation with Maine DMR on tidal power projects
Consultation with Maine DMR on dredging, blasting, and construction projects
Continue working with Canada to understand the impacts of Canadian directed catch
Continue to monitor and report bycatch to the Atlantic States Marine Fisheries Commission
Review existing regulatory authorities, laws and policies

SARNAN ol e

Regional recommendations for rainbow smelt management are as follows:

1. Continue existing monitoring programs, including fyke net monitoring, near-shore trawl surveys, winter creel
surveys, and juvenile abundance surveys
Restore historical or degraded habitat
Assess sustainability of current smelt fisheries and change management if necessary
Expand research to estimate population size and assess the potential impacts of ecosystem and climate changes
Implement stocking of marked larvae, with continued monitoring and genetic considerations

LNk wn

Each state also developed specific recommendations. For Massachusetts, these include:

1. Apply the information gained from the present study and recent smelt habitat improvement projects to
identify potential restoration sites and design smelt spawning habitat improvements that meet the life
history requirements of smelt. Projects that can remove barriers and extend habitat connectivity for
smelt and other diadromous fish should be prioritized
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2. Continue monitoring smelt fyke net stations from the present study that have been identified as having
promise to support long-term indices of abundance (i.e., Weweantic River, Jones River, Fore River and
Parker River). Improve and maintain data collection at fyke net stations to support future development
of biological population benchmarks

3. Develop water quality criteria that relate to designated uses within the Massachusetts Wetlands
Protection Action order to protect the specific habitats of anadromous fish, including smelt spawning
habitat

4. Conduct a smelt habitat survey of the Buzzards Bay region of Massachusetts that was not mapped
during the previous Gulf of Maine survey in Massachusetts

5. Develop a state smelt conservation plan similar those completed for Maine (1976) and New Hampshire (1981)

For New Hampshire these include:

1. Continue monitoring efforts in place including: winter creel survey, juvenile abundance seine survey, spring
spawning run fyke net sampling

2. Improve water quality and support New Hampshire Department of Environmental Services in developing nutrient
criteria for Great Bay Estuary

3. Identify habitat restoration projects to enhance smelt spawning conditions.

4. Continue to support dam removal projects to connect smelt to historical spawning habitats

5. Conduct a smelt spawning habitat assessment of coastal areas in New Hampshire.

For Maine these include:

1. Continuing monitoring of smelt populations through fyke net sampling, creel surveys, the inshore trawl
survey, and the juvenile abundance survey

2. Developing a mark-recapture study to estimate the current extraction rate of recreational ice fishing on
the Kennebec River and Merrymeeting Bay and other rivers and embayments that support recreational
ice fishing

3. Restoring stream connectivity and access to historical spawning grounds with monitoring to assess pre-
and post-construction conditions and smelt populations

4. Assessing threats to smelt habitat and evaluating connections between degraded habitat and local smelt
population decline

5. Stocking rainbow smelt larvae marked with oxytetracycline into historical smelt spawning streams that
maintain good habitat, while maintaining the genetic structure as identified by this project and annually
monitoring stocking success.

All recommendations are described in further detail with support from recent surveys in the species’
conservation plans (Appendix I, and Appendix A).

Objective 5 - Approval and Implementation
Activity 1 - Years 3-5

Before the inception of this grant project few management, restoration, or research discussions focused on, or
even considered rainbow smelt. Some work had been completed in Massachusetts that catalogued the current
status of smelt in that state, and creel survey and egg deposition surveys in New Hampshire had monitored the
relative smelt population abundance in Great Bay, but no regional efforts had been initiated. Through this
project, we have begun long-term regionally standardized monitoring efforts that have already generated
enough data to inform policy and management decisions and direct future research, we have updated
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information about the population status, and most importantly the work has brought the species into focus for
restoration efforts.

Regulation Revisions

Massachusetts and Maine completed the process of revising regulations for rainbow smelt to limit take and gear
type to protect existing stocks. In Massachusetts, a regulation that limits recreational and commercial take to 50
fish per day went into effect October 30, 2009 (Appendix C). In Maine, a regulation was passed by the Marine
Resources Advisory Council that extends the current limit of two quarts per day during the spawning season
(March 15-June 30), limits gear to dip net and hook-and-line during the spawning season, and hook-and-line
only for the remainder of the year for the majority of the state. The regulation also prohibits walking in streams
while fishing for smelt to protect the egg beds. Commercial harvest of smelt on the Penobscot River has been
closed, and the length of the commercial harvest season in Downeast Maine has been shortened. The new
regulation in Maine went into effect December 21, 2009 (Appendix D). The regulations are included in
Appendix L and M.

Policy and Management

The results from this project have informed policy and management decisions. Projects to restore spawning
habitat and access to habitat have been completed in each state and more projects continue to begin. In New
Hampshire, the Winnicut River Dam was removed in 2009. Though the dam removal was funded through
another project, the dam removal restores smelt spawning habitat and the site will continue to be monitored
using field protocols developed as part of this project. In Massachusetts, protecting and restoring smelt habitat
are now stated management strategies. To this end, MA DMF has completed smelt habitat restoration projects
in the Crane River, Danvers, Weir River, Hingham and Shute Brook, Saugus, and is working the Massachusetts
Department of Environmental Protection and other state agencies on stream daylighting projects that will
restore smelt habitat in Town Brook, Quincy, and Smelt Brook, Weymouth.

The results of this project have also informed policy decisions. In Maine, the ME DMR used the results of data
collected during the project to inform a policy decision to deny a request to open upper Casco Bay to
commercial gill-netting for smelts. Based on mortality estimates calculated from data collected during the fyke
net survey work at an upper Casco Bay spawning site and the presence/absence survey conducted state-wide,
and the regional findings that smelt populations are depleted compared to historical levels, Maine DMR policy
makers decided that no new commercial fisheries for smelt should be opened at this time.

Results from this project will inform the identification of critical habitat and development of a species recovery
plan for Atlantic sturgeon for the Gulf of Maine DPS by the NMFS and the USFWS. Results from this project
also will be used by the Atlantic States Marine Fisheries Commission (ASMFC) to conduct a stock assessment
for the species. Gail Wippelhauser represents Maine on the ASMFC Atlantic Sturgeon Technical Committee,
and will be working with the Stock Assessment Subcommittee. In 2011, Gail Wippelhauser attended the
Sturgeon Workshop, sponsored by the NMFS, to consider management, research, and permitting issues.
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Population Restoration through Stocking Larvae

The MA DMF developed smelt restoration and re-population strategies based on stocking oxytetracycline
(OTC) marked yolk-sac larvae into to historic smelt spawning habitat. MA DMF stocked OTC marked larvae
in the Crane River 2007-2011; because this river is also a fyke net survey site, MA DMF has been able to
collect adults at this site and take a sub-sample to examine the otoliths for recaptures of stocked fish. Each year
since the program began in 2007, a proportion or the sub-sampled fish do show the OTC mark, and the CPUE at
this fyke net survey does continue to increase, indicating that the stocking may be helping to increase this local
population. Because of the apparent success of the stocking in the Crane River, MA DMF ceased stocking that
location after the 2011 season and began stocking the Essex River, a larger river where the spawning population
has also drastically declined but the habitat has recently been improved. This project is discussed in more detail
in Ayer et al., 2012, Laboratory marking of anadromous rainbow smelt embryos and larvae and

the implications for restoration (in Wood et al. 2012, Appendix E), and was presented at the 2010 American
Fisheries Society meeting.

Adopting methods perfected the MA DMF, Maine DMR began a program with the North Haven Community
School to stock OTC marked smelt larvae at a North Haven stream that supported spawning populations up to
30 years ago. The smelt runs on the island began to decline in the 1980’s and have since become extirpated,
although the habitat remains unaltered and in good condition. We worked with the school to collect adult
rainbow smelt as part of the ME DMR fyke net survey, strip spawn these adults at the North Haven Community
School, rear the eggs in the school lab to larvae, and mark the larvae with oxytetracycline hydrochloride (OTC)
a mild antibiotic which leaves a permanent mark of the otoliths of each fish. These larvae were released in a
stream that will be re-sampled annually to measure the success of stocking and indirect effects on the rest of the
ecosystem. A sub-sample of any future catch will be taken and the otoliths examined to confirm the success of
the larvae stocking program. Maine DMR will continue this project in the future.

Hosting the Fourth North American Workshop on Rainbow Smelt

In an effort to convene a larger body of stakeholders to share information about rainbow smelt, the
Subcommittee on Rainbow Smelt hosted the Fourth North American Workshop on Rainbow Smelt in Portland,
Maine on January 24-25, 2011. The workshop was the largest of the four smelt workshops hosted (over 85
participants), and had the widest range of participants both geographically and disciplines. The three previous
workshops were held in Halifax, NS (2007), and Québec (2003 and 1999). Participants in the 2011 workshop
included fisheries managers and researchers from other states, including Connecticut, Rhode Island, and
Michigan, from Canadian provinces, from our own states who have not been directly involved in this project,
and from the universities who are conducting research on rainbow smelt or may be interested in the implications
of our research. The two-day workshop culminated in a panel discussion representing the majority of the range
of the rainbow smelt: Canadian St. Lawrence and freshwater, Canadian maritime, Gulf of Maine, inland regions
of Maine, and the Great Lakes. The proceedings from this workshop were published as part of the
Massachusetts Division of Marine Fisheries Technical Report series (Appendix E, Wood et al. 2012).

Distributing Information to Public Audiences

As part of the amendment submitted to NMFS in June 2008, we committed to an enhanced version of the
Annual Report to highlight progress and findings that would be distributed to environmental organizations,
local governments, and environmental educators. Working with a graphic designer, we developed a reader
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friendly pamphlet to communicate to a wide range of groups including federal, state, and local managers, non-
profit organizations, sports fishery groups, and interested people from the public. The pamphlet provides
information about smelt biology and the species status, highlights why rainbow smelt is a species of concern,
gives an overview of threats to the species, identifies what local governments and individual people can do to
support the species, and describes state agency efforts to monitor and manage the species (Appendix B). The
content of this pamphlet was adapted into a webpage that would be geared towards managers, researchers, and
interested people. The website can be found at http://restorerainbowsmelt.com.

Collaborations

Through this project, we have formed collaborations with researchers, stakeholder groups, and other state and
federal agencies based on work to protect and restore smelt populations and habitat. The ME DMR has been
working with a multi-agency committee (including NMFS, Maine Departments of Transportation, Inland
Fisheries and Wildlife, Environmental Protection, Conservation, the Atlantic Salmon Federation, and the Nature
Conservancy) to develop a web-based tool to prioritize road-stream crossing connectivity projects based on
important fish habitat. Maine DMR has been advising the committee on rainbow smelt habitat and specific sites
of decline or extirpation. The MA DMF has been working with the Massachusetts Division of Transportation on
a similar project to prioritize road-stream crossing projects, and to restore habitat quality and access to
spawning habitat for rainbow smelt.

Working with the Downeast Salmon Federation, the ME DMR employed the predictive GIS model to estimate
the likelihood of rainbow smelt spawning returning to two rivers in Downeast Maine in the event that tide gates
are removed that have obstructed passage for many years. The watershed characteristics were calculated for the
two watersheds in question and compared to values for the index sites, and it was predicted that each would
support spawning if the tide gates were removed. A handout summarizing this analysis was created for public
hearings and was included in a previous progress report.

As a result of discussions at the Fourth North American Workshop on Rainbow Smelt, Maine DMR worked
with the Wells National Estuarine Research Reserve to develop sampling methods to identify spawning habitat
in the Wells and Rachel Carson Reserves in southern Maine and to confirm the current status of spawning in
rivers within the reserves.

Long Creek in South Portland, Maine has been identified as a US EPA Clean Water Act 303(d) impaired
waterbody and a priority project for the Maine Department of Environmental Protection and the South Portland
Water District. Maine DMR is collaborating with these agencies to gather information about water chemistry,
nutrient concentrations, biomass growth, fish diversity, and rainbow smelt spawning in the creek. Maine DMR
began sampling in the creek in spring of 2009. The data gathered will be used as a baseline to measure changes
in water quality and habitat use as Best Management Practices are implemented in the watershed. Maine DMR
will also provide reports that will advise future restoration projects in the watershed.

Through this project, we also have formed collaborations with researchers and other state and federal agencies
based on work to protect and restore Atlantic sturgeon populations and habitat. The ME DMR has been
collaborating with sturgeon researchers in Maine (University of Maine, University of New England) and the
Gulf of Maine (U.S. Geological Survey). We are active participants in the Atlantic Cooperative Telemetry
(ACT) network, which improves our ability to understand the coastal movements of Atlantic sturgeon.
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Education and Outreach

Maine partners have established a working relationship with Southern Maine Community College (SMCC) and
Bowdoin College in an effort to provide both an opportunity for students to get hands-on field work experience,
and information about the Gulf of Maine anadromous fish populations. SMCC students helped set up and
monitor a PIT tag retention study, and project partners have presented the project for marine biology classes.
Maine partners presented the winter sampling project for Bowdoin College students, and mentored two students
who completed their senior research project on rainbow smelt. With guidance from Maine DMR, students
designed a winter sampling project on the Abbagadassett River in Merrymeeting Bay to collect biological
information and scale samples. Maine DMR staff trained the students to mount and age scales and develop age-
length keys. The students set a fyke net loaned by Maine DMR in the Abbagadassett River to study rainbow
smelt spawning in the spring. Maine DMR staff gave guidance for sampling techniques and data interpretation.

To increase awareness of the project in New Hampshire, Jessica Fischer at the New Hampshire Department of
Fish and Game wrote an article describing declining rainbow smelt populations that was published in the
July/August edition of the New Hampshire Wildlife Journal. The article was included in a previous progress
report.

The Maine DMR worked with Maine SEAGrant to create a poster providing information about smelt and our
research at the fyke net survey site Tannery Brook in Bucksport, Maine. The poster was placed in an
information kiosk located in downtown Bucksport on a public walkway, directly adjacent to Tannery Brook.
The Maine DMR also worked with the Downeast Salmon Federation (DSF) to construct two community kiosks
and post posters, pamphlets, and other information at these kiosks. One kiosk is on the Pleasant River in
downtown Columbia Falls at the site of major spawning grounds and commercial effort. The other is at
Redmon’s Brook in Harrington, Maine, also a major spawning site. DSF recently acquired the land around
Redmon’s Brook and is keeping the land in conservation to support rainbow smelt spawning habitat.

Presentations
Partners in all three states have presented information about this project at many different venues.

e October, 2008 — Brad Chase (MA DMF) The threat of eutrophication on anadromous fish spawning
and nursery habitat. New England Estuarine Research Society, Fall Meeting, Block Island, RI. Present
smelt habitat monitoring process under SOC project QAPP.

e July, 2009 — Brad Chase (MA DMF), Coastal Environmental Sensing Network Conference at the
University of Massachusetts, Boston. Environmental influences on diadromous fish migrations. Linked
environmental and water quality data to CPUE using the smelt fyke index stations.

e August, 2009 — Claire Enterline (ME DMR), Maine Department of Environmental Protection, W.
Boothbay Harbor, ME. Rainbow Smelt: A Declining Species on the East Coast of the United States.
Summary of water quality information being gathered as part of the regional fyke net survey.

e October, 2009 — Katherine Mills (NHFG) and Claire Enterline (ME DMR), Piscataqua River Estuary
Partership State of the Estuaries Conference, Somersville, NH. 4 Multi-State Collaborative to Develop
and Implement a Conservation Program for Rainbow Smelt. Description of the SOC project,
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monitoring, analyses, and objectives.
(http://www.prep.unh.edu/resources/09sote/www_sote_shows/Mills&Enterline.pdf)

e February, 2010 - Katherine Mills (NHFG), Portsmouth Community Radio. Discussed the status of
rainbow smelt and associated conservation efforts and the specific research aspects of this project.

e April, 2010 -- Brad Chase (MA DMF). Water Quality Monitoring of Diadromous Fish Spawning and
Nursery Habitat. Northeast Fish and Wildlife Conference, Needham, MA. Present smelt spawning
habitat monitoring process and results under SOC project QAPP.

e June, 2010 - Katherine Mills (NHFG). Protecting a threatened coastal fish species through
collaborative regional research and planning. Coastal Society’s 22™ Biannual Conference in
Wilmington, NC. The abstract and will be published in the Conference proceedings, and was included
in a previous progress report.

e September, 2010 — Matthew Ayer (MA DMF). Laboratory marking of anadromous rainbow smelt
embryos and larvae and the implications for restoration. American Fisheries Society Annual Meeting,
Pittsburgh, PA. Discussed methods using oxytetracycline to mark smelt embryos that are released as part
of stock enhancement in Massachusetts.

e September, 2010 — Claire Enterline (ME DMR). Improving methods to accurately age rainbow smelt
(Osmerus mordax). American Fisheries Society Annual Meeting, Pittsburgh, PA. Discussed regionally
standardized methods to collect, clean, and age rainbow smelt scales.
http://www.maine.gov/dmr/smelt/documents/scaleaging.pdf

e November, 2010 — Claire Enterline (ME DMR). 4 Multi-State Collaborative to Develop and Implement
a Conservation Program for Rainbow Smelt. Diadromous Species Restoration Research Network
meeting. Summarized the purpose of this project and preliminary results.

e January, 2011 — Brad Chase (MA DMF). Rainbow smelt (Osmerus mordax) spawning population
monitoring on the Gulf of Maine coast of New England. Fourth North American Workshop on Rainbow
Smelt. Extended abstract in Appendix E.

e January, 2011 — Brad Chase (MA DMF). Water quality and habitat assessment of rainbow smelt
(Osmerus mordax) spawning locations in rivers on the Gulf of Maine coast. Fourth North American
Workshop on Rainbow Smelt. Extended abstract in Appendix E.

e January, 2011 — Katherine Mills (UMaine). Relationships between watershed conditions and rainbow
smelt spawning populations in Maine, USA. Fourth North American Workshop on Rainbow Smelt.
Extended abstract in Appendix E.

e January, 2011 — Claire Enterline (ME DMR). Monitoring within-season spawning behavior by rainbow
smelt Osmerus mordax using passive integrated transponder (PIT) systems. Fourth North American
Workshop on Rainbow Smelt. Extended abstract in Appendix E.
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e January, 2011 — Matt Ayer (MA DMF). Laboratory marking of anadromous rainbow smelt embryos and
larvae and the implications for restoration. Fourth North American Workshop on Rainbow Smelt.
Extended abstract in Appendix E.

e January, 2011 — Chris Wood (MA DMF). A4 historical view of anadromous rainbow smelt populations
and fisheries in the eastern United States. Fourth North American Workshop on Rainbow Smelt.
Extended abstract in Appendix E.

e January, 2011 — Claire Enterline (ME DMR). Out on the ice — sampling Maine’s recreational winter
smelt fishery on the Kennebec River and Merrymeeting Bay. Fourth North American Workshop on
Rainbow Smelt. Extended abstract in Appendix E.

e January, 2011 — Claire Enterline (ME DMR). Improving methods to accurately age rainbow smelt
(Osmerus mordax). Fourth North American Workshop on Rainbow Smelt. Extended abstract in
Appendix E.

e February, 2011 — Jessica Fischer (NHFG). 4 Multi-State Collaborative to Develop and Implement a
Conservation Program for Rainbow Smelt. New Hampshire Fish and Game Commission. Summarized the
purpose of this project and preliminary results.
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INTRODUCTION

The rainbow smelt (Osmerus mordax) is a small anadromous fish that over-
winters in estuaries and bays prior to spawning each spring in coastal streams
and rivers. Smelt have supported culturally important commercial and recre-
ational fisheries throughout New England since at least the 1800s. However,
in recent years, concerns have risen about the population status of rainbow
smelt. The species has disappeared from the southern end of its geographic
range, which once extended to the Chesapeake Bay and now may extend

only as far south as Buzzards Bay, Massachusetts. High numbers of rainbow High numbers of
smelt that once supported commercial fisheries in New England have declined rainbow smelt that
precipitously since the late 1800s to mid-1900s. While recreational fisheries once supported

for rainbow smelt continue, declining catches have also been noted by anglers, commercial fisheries

in New England have
declined precipitously
since the late 1800s

particularly since the 1980s.

Based on these observations of range contraction and abundance declines,
the National Oceanic and Atmospheric Administration (NOAA) listed rainbow
smelt as a federal Species of Concern in 2004; New Hampshire also lists sea-
run rainbow smelt as a Species of Special Concern. Although rainbow smelt to mid-1900s.
population declines have been widely documented, the causes are not well
understood. In listing the species, factors identified as potential contributors
included structural impediments to their spawning migration (such as dams
and blocked culverts) and chronic degradation of spawning habitat due to
stormwater inputs that include toxic contaminants, nutrients, and sediment.

Following the designation of rainbow smelt as a species of concern, the
Maine Department of Marine Resources received a 6-year grant from NOAA’s
Office of Protected Resources to work in collaboration with the Massachusetts
Division of Marine Fisheries and New Hampshire Fish and Game Department
to document the status of and develop conservation strategies for rainbow
smelt (NAOGNMF4720249). This conservation plan represents a summary of
key elements of the project, which focused on several objectives:

1) Documenting range contraction and range-wide population declines
based on historical data and accounts

2) Evaluating the status of rainbow smelt populations in the Gulf of
Maine region
3) Developing a population index to track the strength of spawning runs

4) Assessing a range of potential threats to rainbow smelt populations

5) Proposing management actions to help conserve rainbow smelt

throughout the Gulf of Maine region.

This study has significantly advanced our understanding of the biology,
status, and threats to rainbow smelt in the Gulf of Maine. A major contribu-
tion was the development of standardized procedures for indexing the abun-
dance of spawning rainbow smelt. Four years of fyke net sampling of spawning
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runs throughout the Gulf of Maine region have provided important baseline
information about the status of the species. Observations of truncated age
structures within the spawning run, high male to female ratios in some rivers,
and lower survival rates and a higher portion of age-1 spawners than historically
observed all indicate that Gulf of Maine rainbow smelt populations are cur-
rently stressed.

Further evidence of the decline can be derived from a survey of historically
active spawning sites throughout the state of Maine, using a study from the
1970s (Flagg 1974) as a valuable baseline for comparison. The recent survey
found that 13% of the historically active spawning streams no longer support
rainbow smelt spawning, and most of the streams that remain active now sup-
port smaller runs than they did historically. The substantial decline in strong
spawning runs merits concern and attention.

Many threats to rainbow smelt spawning habitat were identified as part of
this study. Obstructions such as dams and improperly designed culverts may
physically impede smelt migration to appropriate spawning sites. Further,
extremely high or low flows can impede swimming ability or impair the cues
smelt rely on to undertake this migration. Once on the spawning grounds,
water quality conditions may affect the hatching and survival of smelt eggs. In
many rivers studied as part of this project, pH, turbidity, nutrient levels, and
dissolved contaminants warranted concern for water quality. Field observations
also showed an association between nitrogen levels and periphyton growth at
spawning grounds, and laboratory experiments demonstrated that high periph-
yton growth significantly impaired the survival of smelt embryos.

Many of these threats—particularly flow patterns and water quality—are
not driven by factors within the spawning rivers themselves, but rather by ac-
tivities in the surrounding watersheds. Across a suite of water quality and heavy
metal parameters, we found that high levels of development in the watershed
were associated with poorer conditions for rainbow smelt, while high propor-
tions of forest in the watershed supported high quality stream conditions.

In conjunction, watershed development was negatively associated with the
strength of smelt spawning runs, while forested watersheds supported stronger
runs in their receiving streams.

Our goal in assessing threats to rainbow smelt was to identify conditions
that appear to negatively and positively affect smelt throughout their life cycle
so that management actions can effectively target these factors. Based on our
assessment of critical threats, management recommendations to protect and
restore rainbow smelt populations include:

*  Maintain the federal Species of Concern designation for rainbow smelt

*  Continue monitoring population trends and biological characteristics
in the extant range, and expand efforts towards estimating rainbow
smelt population size

*  Restore historical or degraded spawning habitat

*  Maintain and, where necessary, improve fishery monitoring to ensure
that fishing effort is compatible with sustainability of local and regional
rainbow smelt populations

*  Expand research initiatives to anticipate direct and indirect effects of
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climate change and variability on rainbow smelt

* Invest in research to further study environmental requirements, stress-
ors, and drivers in order to effectively manage recovery

*  Stock marked larvae to re-establish rainbow smelt runs at restored
sites, as needed and as appropriate given considerations of genetic
diversity and donor population viability

This Conservation Plan provides: a description of the life history of
anadromous rainbow smelt; an account of the historical fishing pressure on the
species; a summary of the current population status and monitoring efforts;
explanation of the threats to the species at different life stages, including the
marine phase; and conservation and management strategies for the region and
for each state in the Gulf of Maine. Our intent is that this information will
provide important baseline information regarding the status of smelt popula-
tions at the present time and that it will offer coastal and fishery managers
guidance on appropriate actions and priorities to protect and restore rainbow
smelt moving forward.
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Anadromous smelt serve
as an important prey
species for commercially
and culturally valuable
species, such as Atlantic
cod, Atlantic salmon,
trout, Atlantic gray seals,
striped bass.

1 - SPECIES STATUS

Rainbow smelt (Osmerus mordax) are small anadromous fish that live in
nearshore coastal waters and spawn in the spring in coastal rivers immediately
above the head of tide in freshwater (Buckley 1989, Kendall 1926, Murawski et
al. 1980). Landlocked populations of smelt also naturally occur in lakes in the
Northeast U. S. and Canada and have been introduced to many freshwater sys-
tems, including the Great Lakes. Anadromous smelt serve as an important prey
species for commercially and culturally valuable species, such as Atlantic cod,
Atlantic salmon, trout, Atlantic gray seals, striped bass (Clayton et al. 1978,
O’Gorman et al. 1987, Kircheis and Stanley 1981, Kirn 1986, Stewart et al.
1981). Historically, the range of rainbow smelt extended from Chesapeake Bay
to Labrador (Buckley 1989, Kendall 1926), but over the last century, the range
has contracted and smelt are now only found east of Long Island Sound.

1.1 - BASIC BIOLOGY

Life History

Smelt are small-bodied and short-lived, seldom exceeding 25 ¢cm in length
or five years of age in the Gulf of Maine region (Murawski and Cole 1978,
Lawton et al. 1990). By age two, smelt are fully mature and recruited to local
recreational fisheries and spawning runs. Life history appears to be influenced
by latitude; few age-1 smelt become mature and participate in Canadian smelt
runs, however in Massachusetts, New Hampshire, and southern Maine, age-
1 individuals are present in the spawning runs (Collette and Klein-MacPhee
2002). Studies in Massachusetts found that the majority of age-1 spawners were
male (Murawski and Cole 1978, Lawton et al. 1990). Our current spawn-
ing surveys have found that runs in the Gulf of Maine are dominated by age-2
smelt, with few older smelt in Massachusetts, New Hampshire, and southern
Maine; however the older ages are better represented in midcoast and eastern
Maine. Fecundity estimates of approximately 33,000 eggs for age-2 smelt and
70,000 eggs for age-3 smelt were reported by Clayton (1976).

Habitat Use

Annual movements and habitat use by adult rainbow smelt have been large-
ly assumed based on discrete sampling or patterns in recreational and commer-
cial fishing. Mark and recapture studies have focused on distinct phases of the
life cycle, such as movements between spawning areas (Murawski et al. 1980),
composition of late and early populations of spawning adults (McKenzie 1964)
and winter movements within a river system (Flagg 1983). Larger annual and
regional migrations have been synthesized from anecdotal reports by anglers
and commercial fishermen as well as from beach seine and spawning surveys.
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Rainbow smelt overwinter in estuaries and bays and then spawn in early
spring in pool and riffle areas above the head-of-tide in coastal streams and
rivers. The spawning habitat characteristics are discussed in detail in sections
2.1 — Threats to Spawning Habitat Conditions, and 2.2 — Threats to Embry-
onic Development and Survival. Because males have a longer physiological
spawning period, they may return to spawning grounds multiple times within
the same year (Marcotte and Tremblay 1948). Mark and recapture studies have
observed the same male at different spawning sites within a given year, suggest-
ing that males are able to spawn multiple times (Murawski et al. 1980, Rupp
1968). Murawski et al. (1980) hypothesized that spawning in different streams
may be facilitated by passive tidal transport, however this has not been directly
observed. Females, on the other hand, rarely ascend to the spawning grounds
more than once in a season, based on recent mark-recapture surveys (C.
Enterline, unpublished data). Because female smelt are broadcast spawners,
their spawning is expected to occur in a single event as most or all of their eggs
are deposited in a single event.

Spawning females deposit demersal (sinking) adhesive eggs that attach
to the substrate and hatch in 7-21 days, depending on temperature. Upon
hatching, larvae are immediately transported downstream into the tidal zone,
at which point the larvae begin feeding on zooplankton. Larval dispersion
is mostly passive in response to river flow and coastal circulation patterns,
but there is also an active (swimming) component (Bradbury et al. 2006b).
Although horizontal movements of smelt larvae appear passive, they actively
migrate vertically in response to tidal flow in order to maintain their position
in zooplankton rich water and minimize downstream movement (Laprise and
Dodson 1989, Dauvin and Dodson 1990, Sirois and Dodson 2000). This
active swimming behavior is overwhelmed by passive transport in local
circulation patterns. The importance of local circulation on larvae dispersion is
discussed more in the genetic stock structure section below.

Juvenile smelt remain in the estuary, bay, or sheltered coastal area through
the summer, and sometimes through the early fall (NHF&G and ME DMR
Juvenile Abundance Surveys, 1979-2011, analysis for current study). In Great
Bay, NH, juvenile smelt are most abundant in August, while in the Kennebec
and Merrymeeting Bay estuary complex in Maine, abundance is more evenly
distributed between August, September, and October (Figure 1.1.1). In Maine,
catches of juvenile smelt occur from July to October, while in New Hampshire,
catches range from June to November.

Habitat use in marine waters is largely unknown but can be inferred
through interviews with coastal fishermen and state trawl surveys. Smelt may
migrate in search of optimum water temperatures, moving offshore during the
summer months to greater depths with cooler water (Buckley 1989). Based
on low catches by fishermen in freshwater and larger catches in brackish and
saltwater in May, the presumed end of the spawning run, it has been assumed
that adults return to estuaries and coastal waters immediately after spawning
(Bigelow and Schroeder 1953). However, recent findings indicate that rainbow
smelt may remain within estuaries and bays contiguous to their spawning sites
for up to two months after spawning (C. Enterline, unpublished data).

Recent trawl surveys have found small schools of smelt as far from the coast

as 60 km and in depths up to 77 m (data from the Maine-New Hampshire and
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Massachusetts Trawl Surveys). Spring trawl surveys find smelt further from the
coast and in deeper water (spring avg. depth = 29.7 m) than during fall trawl
surveys (fall avg. depth = 19.9 m) (Figures 1.1.2 and 1.1.3; t-test comparing
depth, p = 0.0338 < 0.05), however the average spring catch is smaller com-
pared to the fall (spring average catch 2001-2012 = 31, fall average catch 2000-
2011 = 129, Wilcoxon non-parametric test of means, p < 0.0001 < 0.05), likely
because adult smelt are within coastal streams and rivers as part of the spawning
event during the spring period. The smelt that are caught further offshore in
the spring are smaller, with lengths associated with age-1 fish; these are likely
young fish that are not recruited to the spawning run.

As offshore water temperatures drop in the fall, smelt likely move towards
the coast, eventually migrating into the upper estuaries where they overwin-
ter (Buckley 1989; Clayton 1976; McKenzie 1964). Anecdotal reports from
recreational hook-and-line ice-fishermen describe smelt moving in tidal rivers
with the nighttime flood tide and out with the ebb tide, and some moving as
far up as the head of tide each night. These foraging movements are the basis
for robust recreational fisheries in the fall and winter at many locations in the

Gulf of Maine.

Genetic Stock Structure in the Gulf of Maine

Understanding the genetic structure of a species and the driving factors
behind that structure is central to well-designed species management. A
species may be comprised of one or more genetic stocks, separated by different
spawning areas or physical barriers. Managing a species at too large a scale (i.e.,
assuming there is only one stock when there are multiple) may lead to the loss
of genetic structure and the benefits of local adaptation. Managing at too small
a scale (i.e., assuming stocks are isolated within individual rivers when in fact
there is some mixing), neglects the important role of gene flow and results in
loss of genetic variation (Kovach et al., in press).

From 2006-2010, we collected genetic samples at 18 spawning site index
stations spanning the Gulf of Maine to understand if unique genetic stocks
existed and the extent of gene flow between spawning populations. All informa-
tion presented in this conservation plan was reported by the University of New
Hampshire and in detail by Kovach et al. (in press). The three most genetically
divergent populations were found in Cobscook Bay, Maine, Massachusetts Bay,
and Buzzards Bay, Massachussetts. Penobscot and Casco bays in Maine also
showed some differentiation. Gene flow was high between rivers from downeast
coastal Maine, the Kennebec River, ME, and Great Bay, NH to northern
Massachusetts; all were dominated by the same genetic signal. Midcoast Maine
also seemed to be part of this large stock, but also showed distinct signals from
Penobscot Bay and Casco Bay (Figure 1.1.4). These groupings can assist
management decisions on stocking efforts, with the goals of maintaining
distinct stocks where possible, while still preserving gene flow to maintain and
replenish genetic diversity.

Although the study did not find evidence of genetic bottlenecking, genetic
variation was significantly reduced in the two most distinct regions: Buzzards
Bay (Weweantic River), and Cobscook Bay (East Bay Brook) (Kovach et al.,
in press). The reduced diversity in the Weweantic River is consistent with its
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location at the southern extent of the species range, where populations can have
reduced gene flow and lower spawning population sizes (Schwartz et al. 2003).
The reduced variation in Cobscook Bay is more likely due to isolation by
circulation patterns. The reduced diversity and distinctive nature of these smelt
runs warrant further population monitoring and possibly updated protection
measures.

The divergence patterns observed may be explained partly by coastal circu-
lation patterns (Kovach et al., in press). Because the movement of smelt larvae
is largely passive during the early development (Bradbury et al. 2006b), their
dispersal is determined first by river flow and secondly by marine circulation.
The Gulf of Maine Coastal Current (GMCC) has a counter-clockwise pat-
tern, which is strongest in the summer months when smelt larvae are present
in coastal waters. The GMCC consists of two distinct portions. The Eastern
Maine Coastal Current (EMCC) flows from the Bay of Fundy southwest along
the coast and, in the area of Penobscot Bay, often splits southward and offshore.
The remaining portion of the EMCC combines with outflow from Penobscot
Bay and continues southwestward towards coastal New Hampshire and Mas-
sachusetts, creating the Western Maine Coastal Current (WMCC; Pettigrew
et al., 1998, 2005). Backflow eddies are associated with large rivers (like the
Penobscot) and to a lesser extent with Casco Bay, and as a result, larvae may be
maintained within the nearshore area. Continuing further southwest along the
coast, Massachusetts Bay maintains high larval retention as the strength of the
WMCC pattern has largely diminished by this point (Incze et al. 2010).

Figure 1.1.1. Mean smelt catch
600+ by month in the Maine and New
Hampshire Juvenile Abundance
500+ Surveys 1979-2011 for all survey
sites combined. Error bars repre-
400 sent one standard error from the
§ mean.
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Figure 1.1.2. Smelt
catches in the fall state
nearshore trawl surveys
for Massachusetts, New

Hampshire, and Maine
2000-2011.

Figure 1.1.3. Smelt
catches in the spring
state nearshore trawl
surveys for Massachu-
setts (2000-2011),
New Hampshire, and
Maine (2000-2012).
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Penobscot Bay

Kennebec/Sheepscot Complex

Casco Bay

Great Ba

Ipswich

Massachusetts Bay

Downeast Coastal

B Figure 1.1.4. Genetic differentia-
tion of smelt stocks in the Gulf
of Maine from Kovach et al.,

(“in press”). Divergence may be
explained by circulation patterns,
where the Gulf of Maine Coastal
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By the late 1800s, with
the advancement of rail
transport, smelt were an
important export product
shipped on ice from the
Canadian Maritimes and
Maine to the Boston and
New York markets.

1.2 - HISTORICAL SMELT FISHERIES

Smelt fishing is a longstanding tradition in many coastal communities of
New England and the Canadian Maritimes. During winter and early spring,
smelt schools enter estuaries and embayments and aggregate in preparation for
the spring spawning run. During this period of migration, commercial, and
recreational fisheries target smelt through the ice and from shore. Some shore
fisheries also occur in fall, mainly with hook and line, during foraging move-
ments that precede the spawning migration. Fishing methods for smelt vary by
state; including weirs, hook and line, seines, dip nets, bag nets, and gill nets.

This section will describe the historical range of rainbow smelt and the
fisheries that targeted them. We focus on the Gulf of Maine, but provide some
background on populations throughout the range. We rely heavily on the classic
work “The Smelts” by Kendall (1926) and the thorough recent literature review
found in Fried and Schultz’s (2006) investigation in Connecticut.

The earliest record of smelt harvest in the U. S. was likely by Captain John
Smith in 1622; Smith noted the smelts were so plentiful that the Native Ameri-
cans would harvest the fish by simply scooping them up in baskets (in Kendall
1926). There is little additional information about early New England smelt
harvests until the mid-1800s, although extensive subsistence and local com-
mercial harvest occurred before this time, based on occasional references and
town records. Early uses of smelt included livestock feed and fertilizer to enrich
farm fields. The abundance of smelt in the mid-1800s can be pictured from
the account of French settlers along the Buctouche River in New Brunswick
harvesting 50 to 60 barrels (36 gallons/barrel) annually to serve as fertilizer for
each homestead (Perley 1849 in Kendall 1926). About this time, food markets
developed for smelt as human populations grew in coastal cities. By the late
1800s, with the advancement of rail transport, smelt were an important export
product shipped on ice from the Canadian Maritimes and Maine to the Boston
and New York markets (Kendall 1926).

Mid-Atlantic

Smelt are considered a cold water fish, with a historical center of abundance
north of Cape Cod but southerly populations ranging south to the Mid-Atlan-
tic. Early references of smelt range include Virginia, Maryland and Delaware
(Goode 1884, Kendall 1926, Bigelow and Schroeder 1953), but we found no
information on smelt populations or harvests for these states. Later references
on smelt range list New Jersey as the southern limit (Scott and Scott 1988,
Collette and Klein-MacPhee 2002). Overall, references south of Delaware Bay
are not well documented. The presence of smelt in states south of New Jersey
may have been sparse, an indication of occupancy at the edge of the species’
range, or alternatively the fisheries may have faded before the onset of recorded
commercial harvest data in the early 20th century.

New Jersey

In 1833, smelt were observed to be plentiful in New Jersey with “wagon-
loads” of smelt harvested in Newark Bay, yet by 1849, smelt were reported as
declining (New York Times 1881 in Fried and Schultz 2006). The Delaware
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River had been listed as a southern smelt run, including an early observation in
a tributary, the Schulykill River, of cast net fishing for smelt during late winter
(Norris 1862). Spring runs of smelt, also called frost fish, were reported in the
Delaware, Hackensack, Passaic and Raritan rivers during the late 1860s. By
this time, only the Raritan River supported a lucrative commercial fishery, with
annual catches nearing 10,000 Ibs (NJCF 1872). The New Jersey Commis-
sioners of Fisheries (NJCF) 1872 report also suggested that industrial water
pollution in the rivers was severely impacting all anadromous fisheries. The
last regular commercial catch in New Jersey was reported in 1921 (Fried and
Schultz 2006).

Smelt were considered endangered in New Jersey by 1877 and the state
launched an effort in the 1880s to study the reproductive biology of smelt and
to stock smelt fry hatched from eggs collected in viable smelt runs to depleted
smelt runs (NJCF 1886).

No evidence of stocking success has been located and by 1941 smelt were
considered extirpated from New Jersey (Camp 1941 in Fried and Schultz
20006). The New Jersey Fish and Game Department has conducted trawl
surveys throughout their coastal waters since the early 1980s, and no smelt
have been detected during this time.

New York

Historical references indicate that tributaries near the Hudson River and
Long Island once supported prominent recreational and commercial
fisheries but that overfishing and poor water quality likely caused declines be-
fore the end of the 19th century (Kendall 1926). The smelt trade at the Fulton
Market in New York City was reported to average 1,352,000 lbs annually in
the 1870s (Scott 1875 in Kendall 1926). By 1887, the smelt fishery was no
longer considered commercially viable (New York Times 1881, Mather 1887,
Mather 1889; in Fried and Schultz 2006). State fishery agencies in New York
became concerned about the declining status of smelt in the late 1800s and
embarked on extensive stocking efforts that included placing 127 million eggs
in Long Island streams during 1896-1898 (Kendall 1926). The stocking efforts
faded when smelt eggs became scarce in the early 20th century (Kendall 1926).
Commercial catches declined and became sporadic in the 20th century. Rou-

tine commercial harvests exceeding 1,000 Ibs annually were last reported in the
1950s (Fried and Schultz 20006).

Since the 1970s, annual surveys in New York have detected rainbow smel,
but catches have become increasingly infrequent and have been rare since the
1990s. The Hudson River Estuary Monitoring Program has conducted ichthy-
oplankton and juvenile fish surveys throughout the estuary since 1973, and the
data show a dramatic decrease in smelt abundance since the mid-1990s, with
only trace numbers detected today (ASA A&C 2010). Fish sampling efforts
conducted by New York State Department of Environmental Conservation
(NY DEC) have produced similar results, with very few adults detected since
the 1980s. Today, smelt are considered extirpated or at extremely low numbers
in the Hudson River system (C. Hoffman, NY DEC, pers. comm. Sept. 2010).
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Connecticut

A synopsis of early fisheries records shows that smelt runs were present in
most tidal rivers in coastal Connecticut, and economically important commer-
cial fisheries targeted the seasonal occurrence of smelt (Visel and Savoy 1989,
Fried and Schultz 2006). Smelt were targeted primarily with haul seines and
gill nets in the Housatonic, Connecticut and Pawcatuck rivers (Visel and Savoy
1989). Hook and line angling was also common in the 19th century at numer-
ous locations; smelt were described as an important export fish to New York
City markets. Smelt landings were reported as peaking in Connecticut in the
1880s at 27,000 Ibs and steadily declining with minor and intermittent land-
ings since the 1930s (Fried and Schultz 2006). There was a modest increase in
landings in the 1960s when several thousand pounds were reported annually.
The last years with significant smelt runs in Horseneck Brook of Greenwich,

were 1965 and 1966 (Visel and Savoy 1989).

By the 1980s, smelt were recognized as nearly absent from Connecticut’s
coastal rivers. Similar to regions south of New England, concern centered
on the role of point and non-point pollution sources (Visel and Savoy 1989).
The decline of smelt in Connecticut prompted dedicated efforts to document
their presence in the 2000s. The smelt fishery was formally closed to harvest in
2005, and smelt were listed as a state endangered species in 2008. Fried and
Schultz (2000) carried out intensive surveys in five estuaries along the central
and eastern Connecticut coast. They documented no evidence of smelt spawn-
ing but did catch 9 adults while seining in the upper Mystic River during 2004.
State beach seine surveys infrequently encounter smelt, however there have
been recent observations of a few adult smelt in 2007 (T. Wildman, CT DEP
Inland Fisheries Division, pers. comm. Nov. 2010). The State of Connecticut is
currently considering listing smelt as extirpated from the state.

Rhode Island

Smelt landings first appear in Rhode Island records in 1880 with landings
0f 95,000 Ibs, which remains the peak annual harvest for this state (Fried and
Schultz 2006). Since that point, landings records steadily declined with minimal
landings reported after 1932. Landings rebounded slightly during 1965-1970
when several thousand pounds were reported annually. Since this time, minimal
commercial landings have been reported (Fried and Schultz 2006). In response to
declining populations, the Rhode Island Division of Fish and Wildlife (RIDFW)
began a smelt stocking and monitoring program in 1971 (RIDFW 1971). Over
the next seven years, approximately 44 million smelt eggs were transferred from
populations in Massachusetts and New Hampshire to four rivers in Rhode
Island. Extensive monitoring was conducted at the four recipient rivers, and
no evidence was found of successful recruitment following stocking (RIDFW
1978). The monitoring only found evidence of a viable smelt run in the
Pawcatuck River where low densities of smelt eggs were observed in 1974. The
stocking effort was considered unsuccessful and discontinued in 1977 (RIDFW
1978). In the last decade smelt were briefly listed as endangered in Rhode Island,
then delisted and considered extirpated with a chance of a trace populations
present. Adult smelt have been captured on rare occasions during coastal pond
and bay surveys since the 1990s (A. Libby, RI DFW, pers. comm. Oct 2011).
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Massachusetts
Historical Fisheries

Early accounts indicate that smelt populations in Massachusetts supported
culturally important sustenance fisheries that evolved into small-scale commer-
cial and recreational fisheries as coastal populations grew. The smelt fisheries
prior to 1874 targeted fall and winter feeding aggregations with baited hooks
and used dip nets and seine nets during the spring spawning runs (Kendall
1926). The local importance of these fisheries and the potential abundance of
the populations is reflected in accounts that describe over nine million smelt
taken from the Charles River at Watertown in 1853 (Storer 1858), and over
2,300 fishermen at Hough’s Neck in Quincy in one day targeting smelt (Kend-
all 1926). Overfishing concerns were raised in the 1860s that were attributed to
with the use of nets during the spawning run. This concern led the Massachu-
setts State Legislature to prohibit net fishing for smelt during the spawning run

in 1868 (Kendall 1926).

In 1874, a law prohibited the taking of smelt by any method other than
hook and line in all state waters with a few exempted rivers — most of these
exemptions were revoked by the end of the century. Kendall (1926) relates
accounts of rebounding smelt fisheries in the 1870s and praise for the net ban.
Catch records are sporadic and largely town or county specific during the latter
half of the 19th century. However, there was a general declining trend in this
period, and by the 1910s and 1920s there was growing concern about smelt
fisheries in Massachusetts and the influence of industrial pollution. A quote the
Massachusetts Commissioners on Fisheries and Game in 1917 expressed the
concern of the period, “The smelt fishery of Massachusetts is in a depleted
condition, and strenuous and radical measures will be required to save this spe-

cies from extinction” (MCFG 1917).

Smelt fisheries are poorly documented in Massachusetts after Kendall’s
1926 report. The annual reports of the state fisheries agency depict contrasting
trends along a gradient. In southern Massachusetts, there was a sharp decline
in commercial importance and the disappearance of smelt in some locations.
However, north of Cape Cod and in the greater Boston area, an active and
popular fall and winter sportfishery persisted through the 1970s. Fried and
Schultz (2006) summarized federal commercial catch records that show three
time-series peaks in Massachusetts harvest: 1880 (82,034 Ibs), 1919 (39,000
Ibs), and 1938 (25,000 lbs). The early landings data were based on the available
town and county records and are expected to be incomplete (Kendall 1926).

It is likely that no records adequately describe the true extent of smelt harvest
at any time in Massachusetts’s history. The view provided by the combined
historical and anecdotal accounts suggests that smelt supported important sea-
sonal fisheries that attracted large numbers of anglers and that smelt occurrence
and abundance greatly exceeded the species’ present status.

Recent Trends

Striking changes appear to have occurred in smelt detection and abundance
in Massachusetts since Kendall’s report (1926). Contemporary studies began
with river-specific work in the Jones and Parker rivers in the 1970s (Lawton et
al. 1990, Murawski and Cole 1978, and Clayton 1976). These studies were
the first to report biological characteristics of the spawning runs and timing of

A quote the Massachu-
setts Commissioners on
Fisheries and Game in
1917 expressed the
concern of the period,
“The smelt fishery of
Massachusetts is in a
depleted condition, and
strenuous and radical
measures will be required
to save this species from
extinction.”
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movements in Massachusetts. Concerns over declines in smelt abundance grew
after these studies, as sportfisheries” catches declined sharply in the late 1980s.
The MA DMF responded to concerns from the sportfishing community with a
survey of all smelt spawning habitats on the Gulf of Maine coast within Massa-
chusetts during the 1990s (Chase 2006) and the initiation of fyke net monitor-
ing in 2004 to develop population indices.

Specific mention of Buzzards Bay is warranted because it is presently the
southern limit of the documented spawning range. Buzzards Bay lies directly
south of Cape Cod, which separates the Virginian marine ecoregion to the
south from the Gulf of Maine/Bay of Fundy ecoregion to the north (Spalding
et al. 2007). No historical records have been found of spawning runs on Cape
Cod, a likely result of its glacial formation and flat gradient. Goode (1884)
reported smelt harvest in coastal weir fisheries in Buzzards Bay in 1880. More
recently, an anadromous fish survey from 1967 reported 10 rivers in Buzzards
Bay with active smelt spawning runs (Reback and DiCarlo 1972). An estuarine
survey of the Westport River in Buzzards Bay in 1966-1967 found smelt in
seine and trawl surveys and reported a known spawning run and associated fish-
ery in the river (Fiske et al. 1968). Smelt runs in the region have since quietly
faded to low levels of detection. Fisheries monitoring during the last 10 years
has documented the presence of smelt in only three Buzzards Bay rivers; with a
lone viable spawning run in the Weweantic River.

New Hampshire
Historical Fisheries

Significant smelt fisheries of commercial and cultural importance have
occurred in the Great Bay estuary of New Hampshire since the 18th century
or earlier. Hook and line fishing has mainly occurred in winter through ice
on tidal waters. Additionally, bow nets were traditionally fished under the ice,
and weirs were deployed during spring spawning runs (Warfel et al. 1943).
Historical fisheries in New Hampshire are poorly described relative to Maine
and Massachusetts. Kendall (1926) provides very little information on coastal
New Hampshire smelt runs, focusing more on landlocked populations. He
does provide annual smelt harvest estimates for coastal fisheries as follows: 1888
— 36,000 Ibs, 1908 — 2,600 Ibs, and 1924 — 3,835 Ibs. The reported peak of
commercial catch in New Hampshire was between 1940-1945, with an
estimated 150,000 Ibs harvested per year (Figure 1.2.1; Fried and Schultz
2000). It is expected that the historical records substantially underreported
actual harvest from the Great Bay fisheries.

Recent Trends

The state of New Hampshire has monitored smelt fisheries in Great Bay
since the 1970s, when concerns were voiced from fishery participants about
declining catches. To this end, an angler creel survey was started in 1978 and
a smelt egg deposition survey began in 1979. A project was also launched at
that time to improve commercial harvest data by mandating bow net and weir
net fishermen to record their catches in log books. In 1981, a statewide smelt
fishery management plan was written by the New Hampshire Fish and Game
Department (NHF&G) to maintain sea-run smelt populations and support
commercial and recreational fisheries NHF&G 1981).
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Data collected by the NHF&G indicate declining population trends in
recent decades. The angler creel survey data depict a reduction in CPUE and
total catch during the 2000s (Sullivan 2010). The smelt egg survey shows egg
densities in the 2000s that are an order of magnitude lower than the 1980s
(Sullivan 2007); the survey was discontinued in 2008 due to concerns over
methodology and very low presence of smelt eggs. The commercial harvest re-
cords in New Hampshire have also recorded declines since 1987 (Figure 1.2.1).
Commercial dip net and bow net permits remain active, but the fisheries have
declined to low levels of catch and effort (J. Carloni, NHF&G, pers. comm.,
2011). Despite the apparent decreasing trends, recreational fishing for smelt in
Great Bay still remains a popular winter fishery that attracts higher catch and
effort than fisheries to the south in Massachusetts.

Maine
Historical Fisheries

Commercial and sustenance smelt fisheries were important to Maine’s
colonial inhabitants as early as the 18th century, but are poorly documented.
Kendall (1926) provides detailed accounts of valuable commercial hook and
line and net fisheries from the 1880s to 1920s. The opening of export markets
to New York and Boston after the mid-1800s, coupled with growing use of
seine and bag nets, led to increases in harvest and the development of a signifi-
cant commercial fishery. Goode (1884) provides the first reported commercial
smelt harvest records for Maine, with landings exceeding a million pounds in
the 1880s. In 1894 the smelt fishery was reported to support 1,100 fishermen
with shore fishery landings that were the fourth most valuable behind lobster,
clams, and sea herring (Whitten 1894). Statewide records are absent before
this time, however subsequent catch data show a steep decline after the 1890s
(Squires et al. 1976; Figure 1.2.1). The last year the Maine catch exceeded a
million pounds was in 1903. As early as 1920, a report by the Maine Commis-
sion of Sea and Shore Fisheries described the depleted status of smelt runs and
the negative impacts of targeting spring spawning aggregations for commercial
harvest (MECSSF 1920). An early management response to this decline was
performing egg transfers from both landlocked and sea-run smelt populations
to depleted runs (Kendall 1926); these were largely undocumented. While the
commercial fishery continued to decline in the 20th century, the recreational
fishery that targeted smelt both through the ice and during spawning runs
increased in catch and effort starting in the 1940s. The rental ice shack fishery,
in particular, grew in economic importance as out-of-state anglers were attract-
ed to Maine’s coastal rivers.

Recent Trends

Recognizing the traditional importance of the smelt fishery and continued
population declines, the Maine Department of Marine Resources (ME DMR)
developed a Smelt Management Plan in 1976 (Squires et al. 1976). The plan
outlined present conditions and made recommendations to improve fisheries
and spawning habitat. It also attributed the dramatic decline observed in the
mid 20th century to increased industrial pollution in Maine’s rivers after World
War II (Figure 1.2.1). The ME DMR also launched studies at this time to
record the presence and distribution of smelt in coastal Maine and investigate
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Anadromous smelt
populations in Canada
have long supported
valuable commercial
fisheries that greatly
exceed the collective
harvest from the United
States.

causes of the historic decline (Flagg 1974). Flagg’s (1974) work on Maine’s
sea-run smelt documented catches at camp fisheries on the Kennebec River

and Merrymeeting Bay, and catalogued spawning runs on 134 coastal streams.
As part of the present study, the ME DMR has reinstituted creel surveys and
spawning habitat investigations so that current catch records can be compared
to the 1970s monitoring. Maine continues to have important recreational
fisheries featuring winter ice fishing on tidal rivers and spring dipnet fishing at
spawning runs, although annual harvest is at historic lows. A modest commer-
cial harvest continues in downeast Maine, largely centered on the Pleasant River
in Columbia Falls, where gill and bag nets are allowed to fish in late winter.

Canadian Provinces
Historical Fisheries

Anadromous smelt populations in Canada have long supported valuable
commercial fisheries that greatly exceed the collective harvest from the United
States. Among provinces, New Brunswick has had the largest fishery, which
historically targeted smelt for use as fertilizer and bait (Goode 1884). Growing
export markets were driven by the Canadian harvests, which were, and continue
to be, the largest commercial harvests in the species’ range. Records are sparse
before the 20th century, however Kendall (1926) cites accounts of fast develop-
ing export markets to Boston and New York in the 1870s that created demand
for large harvests — exceeding two million pounds by the 1880s. In 1901, the
shipment records of one export company in New Brunswick approached eight
million pounds. The highest aggregate landings reported for Canada was just
over nine million pounds in 1914 (Kendall 1926). A report from the U. S.
Bureau of Fisheries in 1920 noted that while the Maine smelt fishery had de-
clined in the early 1900s, the New Brunswick fisheries had undergone “remark-
able” growth to support the market demands in the U.S. (USDOC 1920). The
Miramichi River in New Brunswick was long a center of the province’s smelt
fishery. Shipments of smelt to U. S. markets from the Miramichi River region
exceeded 4.3 million Ibs for the winter fishery in 1924 (Kendall 1926), making
the fishery one of the most valuable industries in the Province at that time.

Recent Trends

New Brunswick and Nova Scotia continue to support important commer-
cial fisheries. There is less evidence of population declines in these provinces
than in the U. S. portion of the range. The capitalization of a Great Lakes fish-
ery for smelt in the 1960s and 1970s resulted in high landings that suppressed
prices and may have reduced effort in the New Brunswick fishery (McKenzie
1964, DFO 2011). In spite of depressed prices, the eastern New Brunswick
smelt fishery remained stable between 1988 and1998, with total reported

landings between 1.5 and 2.5 million Ibs, a sum that may under represent
actual landings (DFO 2011).

The smelt fisheries of the St. Lawrence River have shown a decline com-
parable to U. S. fisheries. Reduced commercial and recreational fisheries and
spawning habitat abandonment in the St. Lawrence River tributaries triggered
survey and restoration efforts in the 2000s (Trencia et al. 2005). The fisheries
remain culturally important today while operating at historically low harvest
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levels with ongoing restoration efforts by Quebec’s Ministry of Natural
Resources (Verreault et al. 2012).

Summary

Dramatic changes have occurred in both Gulf of Maine smelt fisheries and
the distribution of smelt on the East Coast since the start of the 20th century.
Culturally and economically important smelt fisheries have disappeared or
faded to historic lows. The trend is evident of wide-scale abandonment of the
historic southern extent of the range, where commercial smelt fisheries were
viable before the 20th century. Currently, the southern extent of the species
range is likely in the Buzzards Bay, Massachusetts region, with higher popula-
tion levels observed in more northern rivers.

Popular recreational fisheries remain in Maine and New Hampshire,
although these fisheries also appear to be harvesting at historically low levels.
The traditional Massachusetts ice shack fisheries have been reduced to very
low levels of participation and catch, and they are faced with warmer winters
that bring insufficient ice to support shacks. The causes of this steep decline
in smelt fisheries on the U. S. East Coast have not been defined, but have been
discussed for over a century. Industrial pollution at spawning rivers, structural
barriers, and overfishing have received the most attention as causal factors.
Watershed alterations, natural predation and climate change are potential fac-
tors that have been implicated more recently.

Figure 1.2.1. Commercial smelt

Commercial harvest of rainbow smeltin ME and NH landings for Maine (1887-2009)
and New Hampshire (1950-2009).

Data sources: U.S. Commissioners
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Studies conducted in

the late 1950's described
several life history char-
acteristics that we also
observed in the present
study, such as declining
average length as the
spawning run progresses
and few smelt over the
age of three.

1.3 - POPULATION STATUS IN THE GULF OF MAINE

Concerns have grown over the health of anadromous rainbow smelt popu-
lations throughout much of their range. This concern has prompted interest
in assessing smelt populations and developing restoration strategies. Limited
information is available from both fisheries-dependent and independent sources
on the present status of populations in New England. The Species of Concern
(SOC) project reviewed existing smelt population data in New England to
consider the potential for developing indices of abundance, and initiated field
projects during 2008-2011 to establish new data series to provide information
on the status of smelt runs.

Previous Smelt Population Studies

The earliest smelt population studies occurred in northern portions of their
range, likely in response to the commercial importance of smelt fisheries in
these regions. Kendall (1926) focused on smelt fisheries but did provide smelt
length data gathered from various sources during the 1850s to 1920s. Not
much information can be gleaned from these sparse data, except to say the max-
imum size of smelt from that time period of about 26-28 cm (total length) is
quite similar to the maximum size found in the present study (27 cm). Warfel
et al. (1943) reported smelt age data for Great Bay, NH; this study provided
some of the first age data for the area and perhaps the first documentation of
age-1 smelt participating in the spawning run. Summary statistics for Warfel et
al. (1943) and the following studies are presented in Table 1.3.1.

McKenzie (1958 and 1964) followed the Great Bay study with a detailed
study of the life history of smelt and their fisheries in the Miramichi River of
New Brunswick during 1949-1953. McKenzie (1964) demonstrated several
life history characteristics that have been confirmed in the present study, such
as: declining average length of smelt as the run progresses, a more balanced sex
ratio in the winter fishery than during the spawning run and few smelt older
than age-4. The age composition in the Miramichi River during 1949-1953
had consistently higher representation of age-3 (22-49% annually) and age-

4 (2-8% annually) than seen in the present study and had older fish present
each year, although at low proportions (age-5 and age-6 at <0.5% and <0.1%,
respectively). Murawski and Cole (1978) calculated an annual survival rate (S)
of 0.35 for the overall proportions in McKenzie’s age composition data, a value
found to be the highest among reported survival data for anadromous rainbow
smelt (Chase et al. 2012).

The ME DMR devoted considerable time to the assessment of smelt fisher-
ies in the 1970s and 1980s (Squiers et al. 1976, Flagg 1983). The majority of
the effort was fishery-dependent assessments of the winter smelt fishery. The
size composition data from these winter fishery studies may not be directly
comparable to spawning run size composition. However, summary data on
sampling proportion by age and mean length at age are included in Table 1.3.1
because the data document the size composition of smelt populations at the
time and the relatively larger contribution of older smelt in the catch.

Murawski and Cole (1978) provided size, age and mortality data from the
Parker River, Massachusetts spawning run and winter fishery during 1974-
1975. This study sampled both the winter sport fishery catch and spring
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spawning run with a fyke net, providing a valuable comparison to the Parker
River data in the present study. Five age classes were represented in the fyke
catches, with a majority at age-2. Murawski and Cole (1978) also provided
one of the few estimates of smelt population mortality and survival rates. They
reported mean values of the annual survival rate (S) of 0.28 and the instanta-
neous total mortality (Z) of 1.27 for both sexes using three analysis methods
for the spawning runs. They considered the estimated overall annual mortality
rate of 72% of the adult population to be high and that increases in fishing
pressure could limit reproductive success in the Parker River.

Lawton et al. (1990) investigated biological aspects of the Jones River
(MA) smelt spawning run during 1979-1981. The study used a lift net at the
upstream limit of smelt spawning habitat to collect mature smelt. All biologi-
cal data collected by the lift net may not be directly comparable to the present
study, wherein a fyke net was deployed downstream of the lowermost spawning
habitat. However, the study did produce an age/length key based on length-
stratified age subsamples that should be representative of the spawning run
demographics and comparable to the fyke net age/length data. Five age classes
were found in the Jones River with an age-2 majority for most years and very
few age-5 smelt. For the three spawning seasons sampled, age-2 and age-3 smelt
comprised 83-99% of the spawning smelt. Lawton et al. (1990) also estimated
the Jones River spawning population by extrapolating smelt egg densities to to-
tal spawning habitat area. The spawning stock abundance model calculated the
spawning run of 1981 to exceed four million adult smelt. They also reported
evidence of a strong 1978 year class with relative contributions of this cohort
evident in the subsequent three spawning runs.

The smelt runs of the St. Lawrence River have supported culturally and ec-
onomically important fisheries in Québec for decades. Declining smelt fisher-
ies landings attracted the interest of the Québec Ministry of Natural Resources
to conduct biological monitoring in the 1990s. Pouliot (2002) reported on size
and age sampling of the spawning run in a St. Lawrence River tributary, the
Fouquette River, during 1991-1996. A standardized dipnet sampling method
was used at night at the spawning habitat. The results provide the first detailed
population demographics and mortality estimates for smelt in the St. Lawrence
River watershed. The Fouquette River smelt runs during the 1990s contained
four or five cohorts in most years. Estimates of the annual rate of total mortal-
ity were 74% for females and 73% for males.

Current Fisheries Dependent Monitoring
New Hampshire Creel Survey

NHF&G has conducted winter creel surveys since 1978. The survey
occurs from ice in to ice out, generally between the months of December
and March. Four locations are sampled: the Lamprey, Oyster/Bellamy and
Squamscott rivers as well as Great Bay. From 1983-1986 no survey was con-
ducted due to lack of funding, and in 2002 and 2006 fishing, and subsequently
surveys, were not possible due to lack of ice cover.

Biologists interview all anglers (or a sub-sample when large groups of an-
glers are present) for catch and effort information during a two hour survey pe-
riod per day, visiting locations on a rotating basis. The information collected is
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expanded to provide estimates of catch, effort and catch per unit effort (CPUE)
by month and location. Biological information from the smelt catch, including
length, sex and scales for ageing, are taken from 150 fish weekly.

The average CPUE for 1987-2011 is 4.48 fish/hour over the entire sample
period. High CPUEs have not been observed in the last ten year period (2000-
2011, max CPUE = 5.6), compared to the previous twenty year period (1980-
1989 max CPUE = 10.3; 1990-1999 max CPUE = 10.6; Figure 1.3.1). In
most recent years, the CPUE has been below the series average (4.48) until
2011 when it increased to 5 fish/angler hour. There has not been a peak in
CPUE over 6 fish/angler hour since 1995. The CPUE shows large inter-annual
variability, and seems to follow a 5-10 cyclical pattern (Figure 1.3.1).

Maine Creel Survey

Adopting sampling methods currently used by NHF&G (Sullivan 2009)
and methods used in a 1979-1982 study conducted by the ME DMR (Flagg
1983), ME DMR again began conducting creel surveys in 2009 in the Ken-
nebec River and Merrymeeting Bay area. As part of this survey, ME DMR staff
visited participating camps two or three times per week on a rotating basis
to collect biological information about the recreational catch. Staff collected
biological information from a subset of each angler’s catch (up to 100 fish per
angler), including length, sex, scale samples for ageing and fin clip samples for
genetic sampling. The number of anglers, fishing hours, and the number of
fishing lines used was also recorded.

CPUE was calculated as the total number of smelt caught per line-hour
of fishing, as opposed to NHF&G calculation of CPUE as smelt caught per
angler hour — ME DMR currently calculates CPUE using line-hour to remain
consistent with surveys conducted by ME DMR 1979-1982. The recent
survey found a slightly lower CPUE (0.48), compared to the 1979-1982 study
CPUE (0.64), however inter-annual variability was significantly larger than the
comparison between the two study periods (Figure 1.3.2, Flagg 1983). While
annual fluctuations in CPUE occurred in both surveys, the recent survey had
the lowest CPUE recorded (0.17) during the two time series.

Catch Card boxes were also posted at each camp for fishermen to voluntari-
ly report information about their total smelt catch and any bycatch; responses
varied widely between sites and between years. There were 122 responses in
2009, 6 in 2010, and 37 in 2011 for all camps combined. It is our hope that
with continued interaction with anglers and camp owners that the number
of responses will increase. Despite the low number of responses in 2010, the
Catch Cards still reflected the catch patterns found in creel survey data.

Current Fisheries Independent Monitoring
State Inshore Trawl Surveys

The three state fisheries agencies perform inshore small-mesh trawl sur-
veys twice a year, in the spring (MA DMF in May, NH/ME in late May, early
June) and fall (MA DMF in September, NH/ME in October, early November).
The MA DMF has been performing surveys since 1978, while the ME DMR
began sampling the New Hampshire and Maine waters in fall 2000. These
surveys provide information about marine habitat use and migration patterns
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of rainbow smelt, as discussed in section 1.1 — Basic Biology. However, this
survey is designed to monitor groundfish abundance, and has limited applica-
tion for pelagic species like rainbow smelt. The data are helpful in determining
the presence or absence of smelt in certain regions and depths, and can give a
picture of inter-annual age cohort strength from size data, but are not powerful
in showing trends in rainbow smelt abundance. However, trends in catches in
both state surveys seem to have a 5-10 year cyclical pattern similar to the creel
surveys and juvenile abundance surveys (Figure 1.3.3), although the causal
factor behind these cycles is unknown.

Maine and New Hampshire Juvenile Abundance Surveys

In 1979, ME DMR established the Juvenile Alosine Survey for the Kenne-
bec/Androscoggin estuary to monitor the abundance of juvenile alosines at 14
permanent sampling sites, sampled June through November. Four sites are on
the upper Kennebec River, three on the Androscoggin River, four on Merry-
meeting Bay, one each on the Cathance, Abadagasset, and Eastern rivers. These
sites are in the tidal freshwater portion of the estuary. Since 1994, ME DMR
added six additional sites in the lower salinity-stratified portion of the Ken-
nebec River. The seine is made of 6.35 mm stretch mesh nylon, measures 17 m
long and 1.8 m deep with a 1.8 m x 1.8 m bag at its center. The net samples an
area of approximately 220 m?.

Of all the river sections, the lower Kennebec catches considerably more
juvenile smelt than all upstream sections; the average catch over the time period
for the lower Kennebec was 92 smelt/haul/year, while all others were under 10
smelt/haul/year, and catches are sporadic. Though the highest average annual
catch occurred in 2005 (316 smelt/haul) in the lower Kennebec, juvenile smelt
abundance in this river segment has been low since 2007, with three of the four
lowest average annual catches occurring in the past four years. Trends in abun-
dance also seem to follow a 5-10 cyclical pattern similar to the other surveys

(Figure 1.3.4).

The NHF&G has conducted an annual Juvenile Abundance Survey since
1997. It is designed as a fixed station survey, as opposed to a stratified random
survey, because strong tidal currents, rocky shorelines, and various anthropo-
genic structures limit the amount of suitable beach seining locations. A total of
15 fixed locations are sampled monthly from June to November. The stations
are located within the Great Bay and Hampton-Seabrook estuaries. Seine hauls
are conducted by boat using a 30.5 m long by 1.8 m high bag seine with 6.4
mm mesh deployed 10 — 15 m from the shore. Over the sampling period, the
Piscataqua River has seen the highest CPUE (177 smelt/haul/year), however
the highest annual average catch occurred in Great Bay in 2001 (225 smelt
per haul). The lowest average catch over the entire sampling period was in the
Hampton Beach/Seabrook area (11 smelt/haul/year). While these abundance
data also seem to follow a cyclical pattern, there has been a decline in the juve-
nile rainbow smelt being captured in recent years — excluding the first year of
sampling, the four lowest average annual catches have occurred within the past
6 years (Figure 1.3.5).

New Hampshire Egg Deposition Monitoring

New Hampshire Fish and Game Department conducted egg deposition
sampling from 1978-2007 using methodologies described by Rupp (1965). A
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ring of known area (20.3 cm?) was tossed on natural substrate, and the number
of eggs within the ring was counted. Egg counts were conducted weekly, from
mid-March to mid-April, in the Oyster, Bellamy, Lamprey, Squamscott and
Winnicut rivers. The mean number of eggs per square centimeter was used as
an index of spawning stock abundance. Validation of the index was attempted
by regressing the index with catch per unit effort (CPUE) of the creel survey
but showed very poor correlation. The egg deposition sampling was discon-
tinued in 2008 because comparisons between this dataset and other indices of
smelt abundance (creel and juvenile surveys) did not correlate well, while trends
in the other surveys did correlate well with each other.

Maine Spawning Stream Use Monitoring
In 2005 and 2007-2009, biologists with the ME DMR worked with the

Maine Marine Patrol to document coastal rivers and streams currently being
used by rainbow smelt for spawning. The survey collected information about
the spawning habitat (substrate, possible obstructions), and the strength of the
run as characterized by the density of egg mats or number of spawning adults
present. We compared the current use and strength of runs to information
collected by ME DMR in the early 1970s (Flagg 1974) and to information
compiled in 1984 by the U. S. Fish and Wildlife Service (USEWS 2012).

Of the 279 streams surveyed , the majority either supported smaller runs
than they did historically or no longer support spawning, while only a small
percentage (19%) seem to currently support strong runs (Table 1.3.2, Figure
1.3.6). Spawning decline was concentrated in southern Maine, lower Casco
Bay, the Kennebec River, and the east side of Frenchman’s Bay. Spawning runs
remain strong in northern Casco Bay, the Medomak, St. Georges, and Penob-
scot Rivers, and around Pleasant Bay and Cobscook Bay.

Regional Fyke Net Sampling

Earlier research on anadromous smelt populations in the Gulf of Maine has
primarily consisted of short-term efforts that monitor smelt size and age
structure during spawning runs. These efforts have not produced long-term
population indices of abundance for smelt, and presently, no indices exist in
New England. The smelt SOC project targeted the spring spawning runs as
a source of information on population status. The objective was to produce
fishery-independent indices of abundance, with the understanding that only
mature smelt participate in the spawning runs. The approach was to record
biological data from spawning runs; to conduct analyses on size and age com-
position, catch-per-unit-effort, and mortality; and to make comparisons as
possible among rivers and to previous studies.

Establishing Gulf of Maine Spawning Site Indices

Methods. As part of this project, fyke net stations were selected at coastal
rivers in Maine, New Hampshire, and Massachusetts for monitoring during
2008-2011 (Figure 1.3.7, Table 2.1.1). The stations were chosen for suitability
to maintain a fyke net in a known smelt run and to represent a range of run
sizes and watershed conditions. The fyke net was set at mid-channel in the
intertidal zone below the downstream limit of smelt egg deposition. The fyke
net opening faced downstream, and nets were hauled after overnight sets. This
approach was adopted to intercept the spawning movements of smelt that occur
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at night during the flood tide. Fyke net catches were assumed to be representa-
tive of the size and sex composition of the spawning run. With each haul, smelt
were counted, sexed, measured (total length) and released. Scales were sampled
weekly at some stations for ageing.

After pilot deployments in 2007-2008 to identify suitable stations, eight
fyke net stations were monitored in Massachusetts, three stations in New
Hampshire and six in Maine (Figure 1.3.7). The sampling period in
Massachusetts targeted 11 weeks from the first week of March to the third
week of May to cover the known smelt spawning period. The sampling dura-
tion in New Hampshire and Maine varied due to a later ice-out and spawning
season that occurs later with increasing latitude.

2008-2011 Results

Smelt were captured at most fyke stations during the spring spawning runs
0f 2008-2011. The annual catches ranged from few individual smelt in some

rivers to several thousand in the larger smelt runs. The following sections and Because smelt migrate

graphics describe major findings in the fyke net catch data that portray popula- from marine to fresh-
tion trends across the species’ distribution on the Gulf of Maine coast. water habitats to spawn
Seasonality. Because smelt migrate from marine to freshwater habitats to during the spring freshet,
spawn during the spring freshet, they are affected by a range of environmental they are affected by a
factors most related to temperature and precipitation. Understanding how an range of environmental
unpredictable environment can influence the timing, location and strength of a factors most related to

smelt run is valuable for managing smelt populations. Accordingly, characteris- temperature and

tics of the onset, peak, and overall duration of a smelt run can provide measures o
precipitation.

of population health. In this study, the onset and ending of the spawning run
were based on the average date of first and last capture, respectively. Spawn-
ing run peak was determined based on the average date of maximum catch. In
several cases, the onset and the ending of the spawning run were inconclusive
and had to be estimated using best professional judgment. Run duration was
determined based on the average yearly duration of the run from 2008-2011.

Inter-system variability was noted in the timing of the spawning run
(Figure 1.3.8). Within most systems in Massachusetts and New Hampshire, the
spawning run had begun by mid-March. Within several Maine systems, how-
ever, the spawning run was delayed and did not start until late-April. Similar
patterns were observed in the peak and ending, with Massachusetts and New
Hampshire systems having earlier peaks and earlier ending dates than those in
Maine. Differences in run timing among states are presumably attributable to
regional differences in climate, with cooler, more northerly systems displaying a
delayed spawning run.

Run duration also varied with location. The longest run durations were
observed for the Fore and Jones rivers, Massachusetts, and Tannery Brook,
Maine. In these systems, average run duration appeared to exceed 70 days.
Conversely, the shortest runs were observed to occur in the North, Weweantic,
and Saugus rivers, Massachusetts, where average run duration did not exceed
40 days. The causes for the differences in run duration are unknown, par-
ticularly because previous studies have demonstrated shorter run durations in
northern latitudes, with runs in individual tributaries often lasting less than
two weeks in New Brunswick (McKenzie 1964) and Québec (Pouliot 2002).
In the case of the U. S. Gulf of Maine surveys, population abundance and year
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class strength may be influential, however the causal factors are not currently
understood.

Catch Per Unit Effort (CPUE). The number of fish captured per a given
amount of sampling, known as catch per unit effort (CPUE), is a measure

used by fishery scientists to assess the relative abundance of a fish population,
under the assumption that higher catches for a given amount of sampling effort
(e.g., time, gear, habitat area, samplers) represents greater abundance. For the
fyke net survey, the number of smelt caught per haul was used as a measure of
CPUE. Yearly measures of CPUE were based on the geometric mean of weekly
average CPUE.

The results of this study demonstrated that CPUE varied widely among
rivers and years. For the entire region, the two highest overall CPUE were
found in Maine (Deer Meadow Brook = 58.07, Schoppee Brook = 37.83),
while the two lowest were found in Massachusetts (Westport River = 1.01,
North River = 1.37). There was an overall trend of higher CPUE in Maine
compared to New Hampshire and Massachusetts — out of the 17 index sites,

four out of the top five highest CPUE were found in Maine (Table 1.3.3).

Considering abundance by state, in Massachusetts, the Fore River had the
highest overall CPUE (20.42), while the Westport River had the lowest (1.01).
In New Hampshire, the highest overall value was found at the Oyster River
(5.62), while the lowest was at the Winnicut River (1.64). In Maine, the
highest was found at Deer Meadow Brook (58.07), and the lowest at Long
Creek (11.39, Table 1.3.3).

Yearly CPUE peaked in five of eight Massachusetts rivers in 2008, suggest-
ing that in these systems, the largest smelt runs were observed at the beginning
of the study (Table 1.3.3, Figure A.1.1). In New Hampshire, the highest annual
CPUE for all rivers was seen in 2011 (Table 1.3.3, Figure A.1.2). In southern
and midcoast Maine (Long Creek, Mast Landing, and Deer Meadow Brook),
the highest annual CPUE was seen in 2008 or 2009, while in eastern Maine
(Tannery, Schoppee, and East Bay brooks), the highest annual geometric mean
values were seen in 2010 (Table 1.3.3, Figure A.1.3). It should be noted that
when CPUE is calculated as simply the number of smelt per haul, the highest
CPUE for East Bay Brook occurred in 2008 (Figure A.1.3).

At this time, high levels of variability in CPUE and the limited duration of
the study prohibit a statistical analysis of trends in relative abundance. How-
ever, the CPUE data from 2008-2011 for some stations should be valuable as a
reference point for future comparisons.

Length and Age Composition. Length and age information yields
important insights into the health of a fish population. As a general rule, the

presence of a variety of age classes is indicative of a healthy population. Further,
populations containing older and larger individuals, which have a relatively
high reproductive potential, are considered healthier than those containing only
younger, smaller individuals. Smelt are fast growing fish that mature at small
size and become fully recruited to the spawning stock at age-2 in the study area.
We measured total length of captured smelt to the nearest millimeter (mm).
Smelt ages were determined from scale samples.

The age class composition of the runs varied between sites, but displayed
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geographical patterns. We found that runs in the southern portion of the Gulf
of Maine (represented by the Fore River, Massachusetts, and Mast Landing,
Maine) displayed two dominant age modes: one comprised mainly of age-1
smelt and second mode comprised of mainly age-2 smelt (Figure 1.3.9 and
1.3.10). Age-1 smelt were common in Massachusetts and, in some years, were
the dominant age class; yet this age class was present at much lower frequencies
in spawning runs in the northern range of the study area (Table 1.3.4, Figures
1.3.9-1.3.14). In the mid-portion of the region (represented by Deer Meadow
and Tannery brooks, Maine), age-1 fish were encountered infrequently — the
runs instead were dominated by age-2 fish, and the frequency of age-3 individ-
uals was much higher than seen in more southern runs. Older ages (4-5) were
also seen in these runs at higher rates than at all other runs, and these were the
only sites to have age-6 fish represented in the runs (Table 1.3.4, Figures 1.3.11
and 1.3.12). In the northeastern portion of the Gulf of Maine (represented by
Schoppee and East Bay brooks), runs were composed primarily of age-2 fish,
with few to no age-1 fish observed. Age-3 fish were observed, but at a lower
frequency than the mid-portion of the region. The occurrence of older ages
(4-5) was higher than the southern runs, but not as high as the mid-portion
(Table 1.3.4, Figures 1.3.13 and 1.3.14). The fact that fish at age-4 or older
were unusual in Massachusetts, but relatively common in Maine samples,
suggests higher levels of mortality in southerly systems.

Length at age also varied between sites, but again showed a geographic
pattern. Because large sample sizes of age-2 males were present in each run, it
is informative to compare the average lengths between sites using this category.
The largest length at age was observed in the southern portion of the region
(Fore River avg. age-2 male = 184 mm, Mast Landing = 178 mm, Table 1.3.4),
indicating a faster growth rate at lower latitudes. Though the Oyster River
geographically lies between these sites, age-2 males were comparatively smaller
than the other southern sites (162 mm). This smaller age-at-length compared
to surrounding sites may be evidence of a stressed population in the Oyster
River, although further evidence would be needed to substantiate this idea.
Comparisons between previous studies show that length-at-age is observed to
decline moving northward (Table 1.3.1). We observed a similar trend, how-
ever the smallest length-at-age was observed in the mid-portion of the region
(Deer Meadow Brook avg. age-2 male = 157 mm, Tannery Brook = 142 mm,
Table 1.3.4). Sites at the most northeastern portion of the Gulf of Maine had
larger age-2 males than in this mid-portion, but smaller than the southern sites
(Schoppee Brook = 163 mm, East Bay Brook = 166 mm, Table 1.3.4). This
pattern in age-at-length, as well as the pattern in run compositions discussed
above, is coincident with the genetic stock structure of rainbow smelt reported
by Kovach et al. (in press) and discussed in section 1.1 — Basic Biology, which
found that the fish from Tannery Brook had a genetically differentiated signal
that was also seen in fish from Deer Meadow Brook, but not in any other sites.

Because it was not possible to develop age-at-length keys for all sites due
to low sample numbers at some sites, median length (calculated from all fish
at a site) and length distributions are useful in understanding region-wide
trends. Median lengths were lowest for males in the Massachusetts sites, and
for females in the New Hampshire sites, and were generally higher for Maine
sites (Table 1.3.5, Figure 1.3.15). The driving factor behind these patterns
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seems to be the age composition of each of these runs rather than the length at
age — runs in the southern portion of region are composed of a large proportion
of age-1 fish, while runs in the mid- and northeastern portion have a higher
proportion of age 3+ fish (Table 1.3.4). While not all fish were aged, modes
corresponding to specific ages can help in affirming this idea. Length frequency
figures for all sites with enough samples to produce relevant figures are included
in the Appendix (Figures A.1.4 — A.1.14).

Sex Ratio. Although spawning runs of most anadromous fishes are male
biased, those displaying a substantially higher proportion of males may be
indicative of a stressed population. Because the limiting factor for population
growth is often the abundance of females, populations dominated by males
may be less robust than those containing a higher proportion of females. In this
study, sex ratio was determined based on the ratio of the aggregate 2008-2011
catch of males to the catch of females.

The results of the fyke net survey demonstrated that each system contained
a smelt population that was male biased. Overall, this survey observed an
average sex ratio of 4:1. Of the systems sampled, the most heavily male biased
were the Parker River, MA, and the Squamscott and Oyster rivers, NH, which
all displayed a male to female ratio of greater than 8:1. The lowest male to
female ratios were found in three systems in Maine: Tannery Brook, Schoppee
Brook, and the East Bay River. In each of these systems, the sex ratio was less
than 2:1. We acknowledge that these sex ratios are biased themselves due to
the behavior of male smelt spending more time on the spawning grounds than
females (Murawski et al. 1980).

Mortality. Limited work has been done on population metrics for anadro-
mous rainbow smelt throughout their range, but a few studies have calculated
population mortality and survival rates based on age structure (Murawski and
Cole 1978, Pouliot 2002). Survival and mortality analyses have potential biases
that may limit their accuracy. Few age cohorts are available for the assessment:
the age-1 cohort is excluded from mortality estimates because they are partially
recruited to the spawning run, and age-4 smelt are presently uncommon. Sec-
ondly, the sampling method cannot distinguish the occurrence of repeat spawn-
ing movements of individual smelt; this behavior could bias measurements of
mortality and survival. Under the assumption that these biases were consistent
among studies, we calculated mortality and survival estimates for sites that had
sufficient age data for 2008-2011 and compared them to previous studies.

Within the study area, survival rates (S) and instantaneous total mortal-
ity (Z) were calculated using the Chapman and Robson equation (Chapman
and Robson 1960) at five stations in Maine and one each in Massachusetts and
New Hampshire. However, the presence of some small sample sizes, few years
of observations and the above discussed biases limit the reporting of these data
to a relative comparison across the region and to past studies. Tannery Brook,
Maine, had the highest average survival for 2008-2011 at S = 0.33, followed by
S=0.26 for 2009-2011 at Deer Meadow Brook in Maine. For sites that had at
least three years of data, the Fore River, Massachusetts, had the lowest average
survival at S = 0.17. The range of these spawning population survival estimates
places the higher values in the present study among the highest reported by
previous studies in the U.S. (Murawski and Cole 1978, Lawton et al. 1990) and
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Canadian Provinces (McKenzie 1964, Pouliot 2002), and the sites at the lower
range are the lowest survival values reported for anadromous rainbow smelt.

Study Area Summary

Massachusetts. Of the eight fyke net stations monitored in Massachusetts,
six caught enough smelt to allow summary comments on run demographics,
but only the Fore River had a sufficient sample size to generate age composition
data each year. The age and length data in Massachusetts suggest the pres-
ence of a truncated age distribution, a sign of stressed populations due to high
mortality and potentially poor recruitment. Male smelt in Massachusetts have
similar median lengths compared to male smelt in New Hampshire and Maine.
However, female smelt in Massachusetts had higher median length than the
other states; a statistic driven by larger age-2 to age-4 females. Massachusetts
stations are dominated by length modes that indicate age-1 and age-2 smel,
with very low presence of smelt older than age-4. The proportion of age-1

The age and length data

smelt in Parker River and Jones River spawning runs markedly exceeds that

found in previous studies. Changes in the contribution of age-1 smelt to the in Massachusetts suggest
spawning run between previous studies and the present study, and the higher the presence of a trun-
proportion of these small smelt in Massachusetts compared to New Hampshire cated age distribution

and Maine raises interesting questions on the significance of these apparent a sign of stressed

their first year and are reaching a body size that supports maturity sooner than populations due to high
northern runs. mortality and potentially

poor recruitment.

differences. Smelt at the southern stations may experience faster growth in

New Hampshire. The presence of mature smelt was documented in fyke
catches in the Bellamy, Salmon Falls, Lamprey, Squamscott, Winnicut and
Opyster rivers during 2008, and the standardized fyke net sampling protocol
was followed in the Squamscott and Winnicut rivers from 2008-2011, and
in the Oyster River from 2010-2011. Sufficient age samples were collected
at the Oyster and Squamscott rivers in 2011 to prepare length frequency and
age-length graphs. Two length modes are apparent in both rivers composed of
age-1 and age-2 smelt. However, more overlap is seen in these modes than is
found in Massachusetts smelt age-length data. Few smelt reached age-4 in New
Hampshire rivers. For each available age key, age-4 comprised less than 2% of
the annual age sample. Growth rates appear to be slower within New Hamp-
shire runs, as age-3 smelt occur at smaller lengths than seen in Massachusetts
and no age-2 smelt larger than 19 cm have been sampled.

Maine. All six Maine fyke net stations produced sample sizes large enough
to summarize information on smelt run status. Median smelt length for the
Maine stations was slightly larger than at the other states because these runs
had a lower proportion of age-1 smelt, but higher proportion of age 3+ smelt;
however, average length at age was smaller, indicating a slower growth rate
compared to sites further south. The Maine smelt runs also averaged higher
CPUE rates and showed more balanced age distributions and sex ratios than
seen in southern runs. These patterns were most evident in catch data from the
easternmost Maine stations. All these observations indicate relatively healthier
smelt runs in Maine than in Massachusetts and New Hampshire. The age
composition of smelt in Maine’s spawning runs contributes to less separation
between length modes and an extended age-2+ mode. These features could
reflect interesting potential differences in growth rates, maturation, and survival
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Table 1.3.1. Mean length at age
and proportion at age of anad-
romous rainbow smelt sampled
during spawning runs in earlier
studies in the study area and
Canadian Maritime Provinces.
All length data were converted to

in Maine than at the southern runs.

Conclusions About Regional Fyke Net Sampling

A common goal in fisheries management is to base decisions on a long-

term stock assessment that generates defensible biological benchmarks on the
health of the fish stock. The present study does not achieve this goal, but it

starts the process of providing information on spawning run CPUE, temporal
characteristics, and size and age composition of rainbow smelt in three states.

The sampling period from 2008-2011 is too brief for conclusions on

population trends. However, such baseline information is vital for all fish stock

total length. . . .
assessments. The task of assessing the status of rainbow smelt in the Gulf of
Mean Length at Age
Location Region Citation Year Sex N Age-1 Age-2 Age-3 Age-4 Age-5 Age-6
Miramichi River NB McKenzie (1958) 1949-53 M NA 157 178 196 211
Miramichi River NB " " F NA 162 186 212 238
Fougquette River Quebec Pouliot (2002) 1991-96 M NA 133 166 198 215 227
Fougquette River Quebec " " F NA 135 173 213 237 245
Great Bay NH Warfel et al. (1943) 1942 both 287 86 145 171 220 264
Penobscott River ME Squiers et al {1976) 1974-75  both 260 165 196 226 264
Kennebec River ME Flagg (1984} 1980-82 M 1012 174 202 221 229
Kennebec River ME ! F 680 180 215 239 249
Parker River MA Murawski 1974-75 M 2097 141 188 208 236 242
Parker River MA and Cole (1978) " F 584 140 197 219 245 249
Jones River MA Lawton et al. (1990) 1979-81 M 31394 132 184 208 221 242
Jones River MA " " F 5009 130 190 222 244 254
Proportion (%) at Age
Location Region Citation Year Sex N Age-1 Age-2 Age-3 Age-4 Age-5 Age-6
Miramichi River NB McKenzie (1964) 1949-53 both NA 66.2 29.3 4.1 0.4
Great Bay NH Warfel et al. (1943) 1942 both 287 35 65.9 29.6 1.0 0
Kennebec River ME Flagg (1984) 1979-82  both 1700 59.9 33.0 5.5 0.5
Penobscott River ME Squiers et al (1976) 1974 both 133 421 39.1 17.3 1.5
Penobscott River ME " 1975 both 127 17.3 67.7 14.2 0.8
Parker River MA Murawski 1974 M 343 38.0 42.5 15.9 3.2 0.4
Parker River MA and Cole (1978) 1974 F 50 15.7 50.5 20.8 10.8 2.2
Parker River MA " 1975 M 113 9.9 81.2 7.9 0.8 0.2
Parker River MA " 1975 F 40 3.9 76.6 16.4 24 0.7
Jones River MA Lawton et al. {1990) 1979 ™M 364 15.0 64.6 19.7 0.7 <0.1
Jones River MA " 1979 F 235 15.1 66.7 16.7 1.0 0.5
Jones River MA " 1980 ™M 428 0.2 88.4 11.1 03 0
Jones River MA " 1980 F 353 0 86.0 12.8 1.2 o}
Jones River MA " 1981 M 250 29 55.7 37.9 3.5 0
Jones River MA " 1981 F 160 0.4 36.0 48.7 14 0.9
Notes

1. Lawton et al. {1990) and Murawski and Cole {1978) age composition is based on age key proportions assigned to total length sample.

v B W N

. Murawski and Cole {1978) mean length combines 1975 winter creel survey with 1974 and 1975 spawning run data.
. McKenzie (1958 and 1964} length data are converted to TL from SL. Age-6 smelt were caught in most years at low frequency (<0.1%).
. Pouliet (2002) fork length data were converted to total length using the conversion, TL = (FL-0.5584)/0.9142, from Chase et al. (2006).

. Flagg {1983} and Squiers et al (1976) size and age data are both from winter smelt ice fishery, but included for comparative value.
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Maine is further complicated by the case of having distinct stock structure for
some rivers, instead of a coast-wide stock complex. Finally, the assessment of
anadromous fish is confounded by their migration between marine and
freshwater habitats, where different factors influence their growth and survival.
Despite these challenges, the fyke net data from the present study show a gradi-
ent of conditions with signs of stressed populations in southern Gulf of Maine
and less evidence of stress moving north along the Maine coast, as evidenced by
younger age distributions, smaller age-at-length, and lower CPUE rates.

Table 1.3.2. Current state of smelt

Status Number Percent spawning runs in Maine with re-
Not historically listed, and currently do not support spawning 42 15% spect to their historical status.
Historical runs that do not currently support spawning 35 13%
Currently support smaller runs than historically 95 34%
Currently support strong runs 53 19%
Historical runs that were not visited, current status is unknown 54 19%

Annual CPUE overall Table 1.3.3. .Catch per unit effort
River State 2008 2009 2010 2011 CPUE (CPUE) of rainbow smelt at fyke
Weweantic R. MA 2581 1.27 1.47 157 178 net spawning survey index sites,
Westport R. MA 1.00 1.00 1.00 1.02 1.01 by annual CPUE and overall CPUE
Jones R. MA 9.13 5.58 7.56 5.13 6.85 i i ;
Fore R. MA 33.55 10.41 22.00 15.70 20.42 for the entire sampling period,
Saugus R. MA 6.30 1.19 1.07 2.49 2.76 2008-2011.
North R. MA 1.39 1.12 1.08 1.90 1.37
Crane R. MA 3.03 1.97 212 3.39 2.63
Parker R. MA 7.63 2.56 1.66 2.47 3.58
Squamscott R. NH 3.45 1.44 1.08 6.26 3.06
Winnicut R. NH 1.60 1.34 1.36 2.25 1.64
Oyster R. NH - - 5.45 5.79 5.62
Long Cr. ME - 18.69 5.56 9.93 11.39
Mast Landing ME 52.00 29.84 8.81 13.80 26.11
Deer Meadow Bk. ME 11.11 100.82 24.86 95.46 58.07
Tannery Bk. ME 15.28 28.26 41.87 14.03 24.86
Schoppee Bk. ME - - 38.42 37.25 37.83
East Bay R. ME 15.48 4.42 21.66 11.86 13.35
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Proportion (%) at Age

Location Region  Year Sex LengthN AgeN Age-1 Age-2 Age-3 Age4 Age5 Age-6
East Bay Brook ME 2008 both 899 63 92.2 6.7 1.1
East Bay Brook ME 2009 both 236 68 0.8 62.3 33.9 3.0
East Bay Brook ME 2010 both 1387 261 2.0 80.7 13.7 36
East Bay Brook ME 2011 both 1211 268 72.0 26.7 1.2 0.1
Schoppee Brook ME 2010 both 2034 281 0.9 90.2 3.5 5.4
Schoppee Brook ME 2011 both 1831 245 2.2 90.7 7.1
Tannery Brook ME 2008 both 2001 74 60.0 34.2 5.8
Tannery Brook ME 2009 both 1778 72 3.9 78.6 7.9 6.4 3.2
Tannery Brook ME 2010 both 1892 344 2.5 49.6 454 1.4 1.0 0.1
Tannery Brook ME 2011 both 908 172 6.9 36.6 48.0 8.5
Deer Meadow ME 2008 both 179 85 5.0 77.1 17.9
Deer Meadow ME 2009 both 2016 135 0 90.2 5.7 3.4 0.7
Deer Meadow ME 2010 both 1366 320 2.8 26.0 64.7 5.0 1.5
Deer Meadow ME 2011 both 1946 108 1.5 83.6 6.9 6.7 0.9
Mast Landing ME 2008 both 1620 90 15.2 58.6 24.2 2.0
Mast Landing ME 2009 both 1106 128 0.6 85.6 13.9 2.9
Mast Landing ME 2010 both 355 268 75.5 8.7 13.8 1.7 0.3
Mast Landing ME 2011 both 1833 275 44.5 53.5 0.8 1.2
Oyster River NH 2010 both 421 185 65.8 29.0 4.5 0.7
Oyster River NH 2011 both 401 231 11.2 75.1 135 <0.1
Fore River MA 2008 both 1958 380 51.9 41.4 6.2 0.4 0.1
Fore River MA 2009 both 846 660 15.5 52.5 314 0.6
Fore River MA 2010 both 1441 493 89.6 7.9 2.4 0.1 <0.1
Fore River MA 2011 both 1241 486 48.3 48.7 2.6 0.4 <0.1
Mean Length at Age
Location Region  Year Sex N Age-1 Age-2 Age-3 Age-4 Age-5 Age-6
East Bay Brook ME 2008-11 M 322 145 166 197 215 241
East Bay Brook ME 2008-11 F 338 155 173 212 238 241
Schoppee Brook ME 2010-11 M 225 146 163 195 204
Schoppee Brook ME 2010-11 F 299 152 169 206 234
Tannery Brook ME 2008-11 M 339 135 142 166 183 190
Tannery Brook ME 2008-11 F 322 137 146 178 198 211 215
Deer Meadow ME  2008-11 M 397 138 157 185 209 220 226
Deer Meadow ME 2008-11 F 250 125 160 194 222 208
Mast Landing ME 2008-11 M 447 132 178 192 211
Mast Landing ME  2008-11 F 312 137 190 209 232 256
Oyster River NH 2008-11 M 344 117 162 179 209
Oyster River NH 2008-11 F 60 114 167 180
Fore River MA 2008-11 M 1113 141 184 202 215
Fore River MA 2008-11 F 507 142 194 217 249 251 266

Table 1.3.4. Mean length at age
and proportion at age of anadro-
mous rainbow smelt sampled at
fyke net stations for 2008-2011

for the present study. Age keys
were applied to length samples
for proportion at age.
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MALE
State River Code Years N Mean SE Median Min Max
MA Weweantic WW 4 188 151 2.01 145 104 238
MA Jones JR 4 1249 156 0.93 143 106 254
MA Fore FR 4 4396 166 0.43 157 108 241
MA Saugus SG 4 401 162 1.30 153 113 240
MA North NR 4 79 150 2.18 149 118 217
MA Crane CN 4 262 161 1.44 156 121 221
MA Parker PR 4 1217 167 0.88 156 86 255
NH Squamscott SQ 2 340 154 1.85 159 86 227
NH Oyster oy 2 344 149 1.74 156 88 225
ME Long Creek LC 4 1191 169 041 168 110 228
ME Mast Landing ML 4 3099 163 0.40 169 105 227
ME Deer Meadow DM 4 4367 166 0.33 163 83 241
ME Tannery Brook B 4 4214 152 0.27 152 104 223
ME Schoppee SB 2 2303 164 0.24 163 125 222
ME East Bay EB 4 2368 172 0.31 169 136 250
Total 26018
FEMALE
State River Code Sex Ratio N Mean SE Median Min Max
MA Weweantic WW 3.4 55 149 4.29 139 107 225
MA Jones R 25 492 160 1.69 144 100 258 .
MA Fore FR 4.0 1090 168 1.06 154 111 270 Table 1.3.5. Rainbow
MA Saugus G 7.7 52 172 5.01 157 129 248 smelt length data from
MA North NR 34 23 154 4.71 153 113 214 catches at fyke net
MA Crane CN 2.8 94 169 3.31 162 114 257 stations, 2008-2011.
MA Parker PR 95 128 194 3.18 204 112 272 A few stations were
NH Squamscott SQ 3.7 93 135 3.86 118 86 239
NH Oyster oy 5.7 60 151 4.80 166 88 224 excluded_because of low
ME Long Creek LC 33 360 178 0.99 176 118 251 sample sizes or poten-
ME Mast Landing ML 2.7 1136 177 0.86 180 93 263 tially biased samples
ME Deer Meadow DM 36 1209 165 0.71 159 83 258 from few hauls. Smelt
ME Tannery Brook B 1.8 2366 157 0.46 154 108 236 of unknown sex were
ME Schoppee SB 15 1564 174 0.53 170 129 256 excluded from this table.
ME East Bay EB 1.7 1389 183 0.59 176 122 263 Sex ratio is the ratio of
Total 10111
males to females.
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Figure 1.3.4. Average annual
catch of rainbow smelt YOY in ME
DMR Juvenile Abundance Survey
in the lower Kennebec River.
Other sites are excluded due to
low catches.

Figure 1.3.5. Average annual
catch of rainbow smelt YOY in
NHF&G Juvenile Abundance Sur-
vey. The 11 locations within the
Piscataqua River and Little/Great
Bay were grouped into two cohorts
to show annual trends. The Hamp-
ton/Seabrook area was excluded
due to low catches.
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Current Status of Historical Maine Smelt Spawning Runs
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Figure 1.3.6. Current status of
smelt spawning runs in Maine and
historical sites where the current
status remains unknown.
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Figure 1.3.7. Fyke net monitoring

stations in Massachusetts, New
Hampshire, and Maine
2008-2011.
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Figure 1.3.8. Smelt runs progress
in a bell-curve shape over the sea-
son, where the beginning of the
run sees few smelt, and the num-
ber steadily increases to a peak in
the run (red portion of the bars in
the figure), after which point the
run steadily declines (blue por-
tion of the bars). These patterns
are shown here, along with the
average beginning and end date
of each run 2008-2011. Stations
are arranged from south to north
starting at the x-axis origin.
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Figure 1.3.9. Age composition
of Fore River, MA, fyke net catch
in 2008-2011. Both genders
were combined with number of
“ ”
age samples reported as “‘Age N
and length frequency sample size
“ ”
reported as “L/F N”.
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Figure 1.3.10. Age composition of
Mast Landing, ME, fyke net catch
in 2008-2011. Both genders
were combined with number of
age samples reported as “Age N”
and length frequency sample size
reported as “L/F N”.
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Figure 1.3.11. Age composition
of Deer Meadow Brook, ME, fyke
net catch in 2008-2011. Both
genders were combined with
number of age samples reported
n n
as "Age N" and length frequency
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Figure 1.3.12. Age composition of
Tannery Brook, ME, fyke net catch
in 2008-2011. Both genders
were combined with number of
age samples reported as “Age N”
and length frequency sample size
reported as “L/F N”.
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Figure 1.3.13. Age composition
of Schoppee Brook, ME, fyke net
catch in 2010-2011. Both gen-
ders were combined with number
of age samples reported as “Age
N” and length frequency sample
size reported as “L/F N”.

200 -
500 DAge-l HAge2 HAge3 MAge-d WAgeS 00 OAge-1 W Age-2 W Age-3 DAge-4
2008 2009
400
150
N o /:/gFeNN :26387
300 L/F N=920 No. -
No. 100 4
200
50 -
100
0 A I 0
8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
Total Length (cm) Total Length (cm)
00 500 OAge-l MAge-2 MWAge-3 HAge-d4 MAgeS
OAge-l MAge2 MAge-3 [Aged MAgesS 2011
2010 o
400 Age N =268
Age N =261 L/FN=1211
300 L/F N =1389 300
No. No.
200 200
100 100
0 = 1 S ——
8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
Total Length (cm) Total Length (cm)

Figure 1.3.14. Age composition
of East Bay Brook, ME, fyke net
catch in 2008-2011. Both gen-
ders were combined with number
of age samples reported as “Age
N” and length frequency sample
size reported as “L/F N”.
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Figure 1.3.15. Median total length
of smelt caught at 14 fyke net
stations in the study area, 2008-
2011. The top of the box plots

is the 75th percentile and the
bottom is the 25th percentile. The
line in the box is the median and
the error bars mark the 10th and
90th percentiles. The stations are
arranged on the x-axis from the
southernmost MA station to the
northernmost ME station. Station
medians for females and males
were found to be significantly
different with Kruskal-Wallis test,
KW = 1324.94, df = 13, p <0.001;
and KW = 2000.77,df =13, p
<0.001, respectively.

ANADROMOUS RAINBOW SMELT REGIONAL CONSERVATION PLAN e 41



Dams, overfishing, and
pollution have typically
been considered the
most important factors
affecting diadromous
fish, including rainbow
smelt.

2 - THREATS TO RAINBOW SMELT POPULATIONS
IN THE GULF OF MAINE

Rainbow smelt encounter a variety of potential threats during their fresh-
water and marine life stages. Dams, overfishing, and pollution have typically
been considered the most important factors affecting diadromous fish, includ-
ing rainbow smelt (Saunders et al. 2006, Limburg and Waldman 2009). While
these factors may have played major roles in the declines of rainbow smelt,
other factors may also be responsible for recent declines. Changes in trophic
interactions, community shifts, watershed land use, and climate-driven
environmental conditions may all need to be considered when evaluating
factors that affect rainbow smelt populations.

2.1 - THREATS TO SPAWNING HABITAT CONDITIONS AND SPAWNING
SUCCESS

Spawning Site Characteristics

Across their distribution range, smelt spawning runs are variable in regard
to habitat use, spawning substrate, spawning period, and water temperature
range (Bigelow and Schroeder 1953, Hurlbert 1974, Kendall 1926, Pettigrew
1997, Rupp 1959). Investigations of Massachusetts smelt runs have found that
spawning begins between late February and mid-March when water tempera-
tures reach 4-6 °C and concludes in May (Chase 1990, 2006; Chase and Childs
2001; Crestin 1973; Lawton et al. 1990). In New Hampshire, spring runs
begin in early to mid-March when the water temperatures reach 3-6 °C and
conclude in May (NHF&G, current study). In Maine, the timing of the run
varies geographically, beginning in late March in waters west of the Kennebec
River, in mid-April in waters between the Kennebec River and the Penobscot
River, in late April to early May in the Penobscot River and advancing to mid-
May in most waters in downeast Maine. Water temperature at the beginning
of runs varies from 1.5-9 °C, and most runs in Maine last four to five weeks
(ME DMR, current study). There is also some evidence that rainbow smelt
may spawn in the main stem of large rivers in Maine earlier than runs begin in
smaller streams close to these rivers. In rivers such as the Kennebec, Penobscort,
Union, and Pleasant, spawning may occur under the ice or directly following
ice-out in mid-March to early April (ME DMR, current study).

The best documentation of the physical characteristics of smelt spawning
habitats in the Gulf of Maine is provided by a detailed assessment of
Massachusetts rivers that was conducted between 1988 and 1995 (Chase 20006).
This study identified both stream attributes and water chemistry conditions
that were suitable for smelt spawning. Chase (2006) documented and mapped
smelt spawning habitat at 45 locations in 30 rivers on the Gulf of Maine coast
of Massachusetts. Rainbow smelt egg deposition was documented to take place
over stream sections ranging from 16 m to 1,111 m in length, with an average
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of 261 m. In most cases, the downstream limit of egg deposition occurred near
the interface of salt and fresh water, while the upstream limits were typically
delimited by physical impediments that prevented further passage. When
passage allowed, smelt would continue spawning in freshwater riffles beyond
tidal influence. The average patch size of substrate where smelt eggs were
observed was 2,336 m?, with a range of 16 m* to 13,989 m”.

Smelt were found to spawn in shallow riffles where water velocity increased
in stream channels. Within the streams where smelt eggs were found, channel
width averaged 6.8 m. Depth transects conducted in 16 of these streams found
that the average depth of spawning riffles was 0.28 m, and the range of average
depths was 0.1 - 0.5 m under baseflow conditions. However, smelt eggs were
found in depths up to 1.5 m in three surveyed rivers. The average water veloc-
ity at the riffle transects was 0.39 m/s, with a range of 0.1 to 0.9 m/s. These
measurements and observations of associated egg deposition led Chase (2000)
to hypothesize that 0.5 — 0.8 m/s was an optimal range for adult attraction and
egg survival.

Observations in smelt spawning rivers in Massachusetts led Chase (2006)
to conclude that the ideal channel configuration for spawning habitat may be-
gin with a deep channel estuary where the salt wedge rises to meet a moderate
gradient riffle at the tidal interface and follows into the freshwater zone with
ample vegetative buffer and canopy and an extended pool-riffle complex that
spreads out egg deposition and provides resting pools. However, this scenario
was not common in Massachusetts spawning rivers, and likely is not in many
other rivers and streams in the Gulf of Maine. Many of the spawning streams
and rivers were altered by: (1) a range of passage obstructions (undersized cul-
verts, dams, etc.) that limited or completely blocked the smelts” ability to reach
their spawning grounds, (2) channelization and flow alterations that changed
water velocity and substrate conditions, and (3) removal of riparian vegeta-
tion, leading to increased amounts of polluted runoff flowing directly into the
stream, as well as reduced canopy cover leading to increased water temperature.
These three categories represent major threats to spawning habitat and to smelt
spawning success, and they are described further in the following sections. In
many cases, these threats are present simultaneously in more developed water-
sheds, compounding the threats to successful smelt spawning.

Obstructions
Dams

Industrial development depended on rivers for power, and over 500 dams
remain on rivers in Maine, New Hampshire, and Massachusetts that may have
a large impact on diadromous species (Martin and Aspe 2011). Dams block
access to spawning habitats for many anadromous species, but their effect
on rainbow smelt is particularly acute. The small body size of rainbow smelt
makes them unable to jump to heights necessary to migrate through fish
ladders, which pass other diadromous fish over dams. In Maine, at least 13 out
of 275 (5%) historical and current spawning sites are either reduced in area
or the spawning habitat is blocked by coastal dams (Abbott, USFWS, pers.
comm., 2012). In New Hampshire, although smelt spawning occurs in most
of the coastal rivers, head-of-tide dams exist on all of these rivers (with the
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exception of the Winnicut River), reducing habitat and forcing smelt to spawn
within areas subject to tidal influence. Although the exact number has not been
documented, the same situation exists in Massachusetts, where head-of-tide
dams limit spawning habitat.

Road crossings

The majority of smelt spawning streams in the Gulf of Maine are small
coastal streams that are not dammed. More frequently, barriers are road-stream
crossings. Undersized, improperly installed, or poorly maintained culverts at
road-stream crossings can severely impair smelt migration. This can occur when
culverts have become perched, where the downstream side stream height is well
below the culvert height, or when culverts are undersized to such an extent
that they create velocity barriers or reduce freshwater flow to levels that impede
environmental cues for smelt. Reducing stream habitat fragmentation is critical
for increasing access to smelt spawning habitat. In Maine, there is an ongo-
ing effort to ground-survey all stream barriers. At the time of this report, 35%
of the state has been surveyed. Of the 88 smelt historical or current spawning
sites falling within this surveyed portion, 34 (39%) sites have potential barri-
ers to passage. Extending the scope to the entire state, 127 historical or cur-
rent spawning sites out of a total of 275 are crossed by roads at least once, and
multiple times in many cases. While some of these crossings may have adequate
passage, it is estimated that two-thirds of these crossings are undersized and
may present passage problems for smelt (A. Abbott, USFWS, pers. comm..,
2012). The frequency of the problem is magnified in Massachusetts where only
1 of 45 mapped smelt spawning habitats were unaltered by road crossings or

impediments (Chase 2000).
Channelization and Flow Disruptions

Discharge and Velocity

In Massachusetts, New Hampshire, and Maine, most smelt runs occur in
small coastal rivers or streams with low seasonal baseflows where spring stream
discharge is sufficiently high to attract adults and support egg incubation. In
the Northeast United States, early spring flows are typically enhanced by snow
melt and precipitation, but discharge may decline progressively later in the
season. In a survey of 45 spawning rivers in Massachusetts, aside from the
Merrimack River, only nine had average spring discharges over 1 m*/s (35 cubic
feet per second (cfs)), and only four exceeded a spring average of 10 m*/s (353
cfs) (Chase 20006).

During the current study, when USGS gauge stations were present, we re-
corded river discharge weekly at our smelt spawning sampling sites. None of the
survey stations in Maine were located on rivers with gauge stations; however,
measurements were available for two New Hampshire sites and four Massa-
chusetts sites (Table 2.1.1). Over a two year period (2008-2009), we found an
average discharge of 1.83 m?®/s (65 cfs) across all sites, with most values (75%)
under 1.99 m*/s (70 cfs) (Table 2.1.2). Discharge varied significantly between
the sites, and was directly correlated to watershed size (Spearman’s rank correla-
tion = 0.78).

Although high discharge is not a threat to smelt spawning, if it results in
sharp increases in velocity it impairs smelts’ ability to reach their
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spawning grounds. In watersheds with large amounts of impervious surface and
not managed for stormwater, infiltration of runoft is reduced and the smoother
impervious surfaces allow water to run off the surface and into streams faster.
The combined result is a rapid increase in both volume and velocity (Cooper
1996, Klein 1979). Substantial variability in velocity may be found within a
coastal stream depending on specific location (e.g. pool versus riffle), and tim-
ing (precipitation events and tidal stage will affect daily velocities). However, as
part of the current study we found that velocities at all spawning index sites fell
within a fairly narrow range (0.32 m/s — 0.58 m/s) when measurements were
taken within riffles when no tidal influence was present (Table 2.1.2). Velocity
exceeded 0.79 m/s only 10% of the time, and generally the catch per unit effort
of spawning adult smelt was lower during those high velocity events.

Conversely, low discharge may also threaten successful spawning. Suffi-
cient freshwater flows are necessary for other anadromous species to cue their
migrations and enable them to successfully locate their spawning site (Yako et
al. 2002). Low discharge associated with urbanization may also lead to insuf-
ficient water mixing, resulting in higher water temperatures, lower dissolved
oxygen, increased sedimentation, and increased concentrations of pollutants
and contaminants (Klein 1979). Reductions in baseflow can be caused by water
withdrawals and impounding as well as increases in impervious surface (Klein
1979, Simmons and Reynolds 1982). In many cases, withdrawals during
the spring months may be expected to remove a small proportion of available
spring flows. However, concerns are growing in urban areas where human
population growth has increased water demands. Furthermore, a gradual but
measured loss in snow pack over the last century has led to a reduction of
spring baseflow in coastal streams, a situation that could compound concerns
over water withdrawals.

Substrate and Channel Stability

Natural stream and river channels that are vegetated and dynamic can
absorb the impacts of flooding by accommodating changes in discharge and
water levels. However, in urbanized areas with extensive impervious surface
or where streams have been channelized by fixed walls, the runoff from large
rain events flows directly into streams, leading to increases in the frequency
and severity of flooding. In turn, these events can cause channel erosion and
alteration of the stream bed (Klein 1979). The timing of flood events can cause
positive responses to smelt spawning substrata by scouring sediment and
periphyton before spawning occurs or negative responses by scouring away
large egg sets (Chase 2006). Booth and Reinelt (1993) report that pool and
riffle habitat may be altered and channel stability may be degraded when
impervious surface exceeds 10-15% of the watershed area These impacts can
be mitigated by restoring riparian buffers along stream and river banks.

Watershed characteristics

Watershed activities can have a substantial influence on many of the condi-
tions identified above as potentially affecting rainbow smelt spawning habitat.
Land cover in a watershed affects habitat conditions and biological communi-
ties in receiving waters in a variety of ways (Burcher et al. 2007, Allan 2004).
Urbanization and agricultural activities can contribute to erratic flow levels,
warmer water temperatures, channel alterations, sedimentation, chemical and
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Our analysis found that
weak spawning runs ex-
isted in rivers surrounded
by urbanized watersheds,
while rivers draining
forested watersheds sup-
ported stronger smelt
spawning populations.

bacterial pollution, and nutrient loading (Wang et al. 2001a, Allan 2004).
In addition, barriers to spawning passage are more likely to exist due to road
networks in more urbanized watersheds than in less developed areas. These
watershed-associated factors can all influence the suitability of streams for
rainbow smelt spawning.

Associations between watershed characteristics and spawning site use have
been observed for other anadromous species. Limburg and Schmidt (1990)
noted that spawning activity of anadromous fishes (mostly alewife) in tributar-
ies to the Hudson estuary was inversely related to the proportion of urban land
use in the surrounding watershed. In the Pacific Northwest, Pess et al. (2002)
found that median densities of spawning coho salmon were 1.5-3.5 times
higher in forest-dominated areas than in urban or agricultural areas. These
examples indicate that there may be linkages between spawning success and
watershed characteristics. While the causal factors have not been identified,
urbanization may influence in-stream habitat by increasing water velocities as-
sociated with flood events, changing substrate, removing canopy cover and thus
increasing water temperature, and other habitat changes.

In this study, we evaluated correlations between rainbow smelt catch per
unit effort at the spawning index sites and land use in the adjacent watersheds
at two spatial scales: (1) the full drainage basin and (2) the 210 meter buffer
immediately adjacent to the stream. Watersheds within which rainbow smelt
spawning runs were sampled represented a wide variety of conditions (Table
2.1.1). A principal components and cluster analysis suggests that the smelt
spawning watersheds can be classified into three distinct types: (1) urbanized,
(2) forested, and (3) wetlands/agricultural (Figure 2.1.1). Correlations be-
tween the aggregate mean CPUE of spawning rainbow smelt over 2008-2011
(standardized based on net coverage of the stream width) indicate that weak
spawning runs exist in rivers surrounded by urbanized watersheds, while rivers
draining forested watersheds support strong smelt spawning populations.
Interestingly, the negative association between development and CPUE was
substantially stronger at the scale of the full drainage basin than when only the
riparian buffer zone was considered (Table 2.1.3). This appears to be because
many rivers within urbanized watersheds have extensive riparian wetlands in
their buffer zones. The presence of these wetlands at the 210-m scale weakens
the influence of urbanization on smelt spawning. Other land cover types and
the number of downstream crossings, at either the scale of the watershed or
riparian buffer zone, were not significantly correlated to the strength of rainbow
smelt spawning populations.
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Fyke Net Location Hydrologic Information Watershed Information
Average  Average
Channel Discharge  velocity Drainage
River Latitude Longitude Town State | Width (m) (m’ls) (mis) Watershed (HUC 10} Area (kmz) Land Cover (1°/2°)
Westport River 41.6209 -71.0598 Westport MA 11.3 - - Buzzards Bay 26.5 Forest / Agriculture
Weweantic River 41.7662 -70.7461 Wareham MA 357 - - Buzzards Bay 148.2 Forest / Agriculture
Jones River 41.9960 -70.7233 Kingston MA 273 1.92 0.492 South Coastal Basin 69.3 Forest / Wetland
Fore River 42.2225 -70.9732 Braintree MA 13.7 1.92 0.623 Boston Harbor 74.7 Development / Forest
Saugus River 42.4680 -71.0077 Saugus MA 55.4 - - Boston Harbor 55.8 Development / Forest
North River 42.5221 -70.9116 Salem MA 9.1 0.49 0.454 North Coastal Basin 12.6 Development / Forest
Crane River 42.5566 -70.9364 Danvers MA 8.2 0.17 0.497 North Coastal Basin 14.0 Development / Forest
Parker River 42.7505 -70.9282 Newbury MA 54.8 - 0.516 Plum Island Sound 66.0 Forest / Wetland
Squamscott River 42.9824 -70.9461 Exeter NH 101.0 5.65 0.384 Exeter River 276.9 Forest / Wetland
Winnicut River 43.0389 -70.8455 Greenland NH 36.6 1.05 0.3 Great Bay 455 Forest / Wetland
Oyster River 43.1310 -70.1310 Durham NH 329 - - Great Bay 59.9 Forest/ Development
Long Creek 43.6332 -70.3133 S. Portland ME 243 - 0.64 Fore River 17.5 Development / Forest
Mast Landing 43.8587 -70.0842 Freeport ME 15.2 - 0.468 Casco Bay Basin 20.7 Forest / Wetland
Deer Meadow Brook 44.0369 -69.5874 Newcastle ME 249 - 0.489 Sheepscot River 27.6 Forest / Wetland
Tannery Brook 44.5706 -68.7888 Bucksport ME 67.7 - 0.402 Penobscot River and Bay 13.2 Forest / Agriculture
Schoppee Brook 44.6627 -67.5533 Jonesboro ME 16.0 - 0.583 Roques Bluffs Frontal Drainages 9.3 Forest / Wetland
East Bay Brook 44.9547 -67.1041 Perry ME 21.9 - 0.217 Cobscook Bay 3.0 Forest / Wetland
Table 2.1.1. Rainbow smelt
spawning habitat station loca-
tions for water quality monitoring.
Drainage areas are GIS calcula-
tions set from the location of fyke
net placement.
. . Table 2.1.2. Discharge and velocit
Discharge (m¥s) Velocity (m/s g . Y
Minimum Value 0.04 0.050 measurements from spawning
Lower Quantile (25%) 0.35 0.323 survey index sites. Discharge
Mean 1.83 0.478 measurements taken from
Upper Quantile (75%) 1.99 0.579 USGS gauge stations upstream
Maximum Value 12.81 1.483 of spawning sites and velocity

Land Cover
% developed

Correlation with smelt spawning CPUE

Watershed Level

Stream Buffer Zone (210m)

% developed open space (parks, golf courses)

% forest
% wetland
% agriculture

number of downstream crossings

-0.62
-0.47

0.60
-0.29
-0.06
-0.46

-0.48
-0.32
0.60
-0.28
0
-0.46

measurements taken by state
biologists at the spawning sites
(discharge n = 6, velocity n = 13)
in active riffle areas.

Table 2.1.3. Spearman’s rank
correlation between rainbow smelt
spawning CPUE and land cover

at two spatial scales. Correlation
coefficients in bold type indicate
significance at the p = 0.5 level.
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Figure 2.1.1. Cluster analysis

(Ward’s method) of study water- o _
sheds based on dominant land &
uses (as indicated by the propor-
tion of developed, developed =

open, forest, agriculture, and
wetland areas) and watershed
characteristics (i.e., population
density, stream crossings, and
proportion of impervious sur-
face). Station codes: NR = North
River, LC = Long Creek, CR =
Crane River, FR = Fore River, SR
= Saugus River, WE = Weweantic
River, WN = Winnicut River, SQ rl:}:l’__l_‘ Iq ’tlltl—l
o o

= Squamscott River, JR = Jones

Sum of squares
10
1

River, PR = Parker River, EB = 25 E G s3sERBREE =
East Bay Brook, OY = Qyster River,
TB = Tannery Brook, SB = Schop- Developed Agriculture Forested
pee Brook, DM = Deer Meadow Wetland

Brook, ML = Mast Landing.

2.2 - THREATS TO EMBRYONIC DEVELOPMENT AND SURVIVAL

Smelt deposit demersal (sinking), adhesive eggs at fast-flowing riffles,
where they attach to the substrate or aquatic vegetation. The duration of egg
incubation is related to water temperature (McKenzie 1964), and in the Gulf
of Maine, eggs hatch 7-21 days after fertilization (Chase et al. 2008, McKenzie
1964). The success of this reproductive strategy depends on access from ma-
rine waters, low predation, and suitable water and habitat quality for successful
recruitment. In many watersheds, the tidal interface is the physical location
favored for the development of commerce and community centers. This change
in landscape can lead to hydrologic alterations, particularly in urban areas,
leaving streams vulnerable to point and non-point source pollutants; nutrient
enrichment; and reduced streamflow, shading and riparian buffer.

Changes in spawning habitat may be a major factor in the decline of smelt
populations. However, up to this point, the degree to which water quality
impairment may be impacting smelt populations in the Gulf of Maine has not
been described. With this concern in mind, we developed monitoring pro-
grams to assess baseline water and habitat conditions at smelt spawning habitat
index sites spanning the entire Gulf of Maine and explored possible impacts
on spawning success resulting from changing habitat conditions. This informa-
tion is applied to support recommendations for conserving and restoring smelt
populations and habitats.

Four indicators were measured to assess water quality at smelt spawning
index sites: basic water chemistry, nutrient concentrations, periphyton growth
and heavy metal concentrations. The sampling was guided by a Quality Assur-
ance Program Plan (QAPP) for monitoring water and habitat quality at smelt
spawning habitats in coastal rivers on the Gulf of Maine coast (Chase 2010).
The QAPP integrates smelt life history with existing state and federal water
quality criteria, with the objective of developing a standardized process to
classify the suitability of smelt spawning habitat. Beyond characterizing smelt
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habitat, it is our hope these data will contribute to water quality and habitat
restoration efforts at coastal rivers in New England.

Summary statistics were generated for water quality data by site and then
compared to thresholds assembled from existing water quality criteria (Table
2.2.1). The U.S. Environmental Protection Agency (EPA) developed criteria
for turbidity, total nitrogen (TN) and total phosphorus (TP) based on the
25th percentile of the distribution of observed values in an ecoregion (US EPA
2000). The 25th percentile is the value of a given parameter where 25% of all
observations are below and 75% are above. The 25th percentile was adopted
by EPA as the threshold between degraded conditions and minimally impacted
locations. Additionally, the Massachusetts Department of Environmental
Protection (MassDEP) established Surface Water Quality Standards (SWQS)
for temperature, pH and dissolved oxygen (DO) as part of their Clean Water
Act waterbody assessment process (MassDEP 2007). These thresholds were
selected to protect designated categories of aquatic life, including fish habitat.
Stations were classified as Suitable (minimally impacted) or Impaired for each
parameter. Water quality data were also evaluated to explore the potential of
establishing new thresholds specifically derived from smelt spawning habitat
measurements.

Water Chemistry

Basic water chemistry parameters were measured during smelt spawn-
ing runs at 19 index station stations: the 16 fyke survey sites and 3 additional
spawning sites of interest in Massachusetts (Figure 1.3.7 and Table 2.1.1)
following the QAPP protocol. Yellow Springs Incorporated (YSI) water chem-
istry sondes were used to measure water temperature (°C), DO (mg/L and %
saturation), specific conductivity (mS/cm), pH and turbidity (NTU, Neph-
elometric Turbidity Units) in freshwater at the spawning grounds. At most
stations, discrete water chemistry measurements were recorded three times per
week. The seasonality of water chemistry monitoring was not synchronized for
all stations due to the later onset of the spawning season at the northern end of
the study area. For this reason, detailed comparisons of some parameters, such
as temperature, should be made cautiously.

Water Temperature

Water temperature has an important influence on smelt metabolism, the
onset of smelt spawning and the duration of egg incubation. Median water
temperatures during the spawning period were fairly consistent across the study
area, with a range of 8.8 — 12.9 °C (Table 2.2.2, Figure A.2.1). No measure-
ments exceeded the water temperature criterion of 28.3 °C adopted from Mass-
DEP SWQS to protect aquatic life. The relatively high temperature threshold
has little relevance for smelt that spawn in the cool water of the spring freshet;
however, the temperature data have value for documenting baseline conditions
and may have future application for monitoring reference values, such as
station medians or 75th percentiles.

Specific Conductivity

Specific conductivity is proportional to the concentration of major ions in
solution corrected to the international standard of 25 °C. High conductance in
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freshwater can indicate high watershed contributions of natural alkaline com-
pounds or ionic contributions from pollution sources. For this reason, conduc-
tivity has been discussed as a potential proxy for pollution sources, urbaniza-
tion, and eutrophication. Median specific conductivity during the spawning
period ranged from 0.031 — 0.997 uS/cm (Table 2.2.2, Figure A.2.2). The four

highest medians occurred at urban sites near the Boston metropolitan area.
Dissolved Oxygen

Adequate dissolved oxygen (DO) concentrations are necessary for embry-
onic survival and normal development. The QAPP provides a DO criterion
of 2 6.0 mg/L to protect aquatic life. Median DO concentrations during the
spawning period ranged from 9.5 — 12.5 mg/L (Table 2.2.2, Figure A.2.3), and
median DO saturation levels ranged from 91.0 — 107.8% (Table 2.2.2, Figure
A.2.4). All individual DO measurements were well above the DO threshold.
Similar to water temperature, the DO threshold may have limited relevance
because of the high concentrations of DO found in turbulent riffles during the
spring freshet. The distribution of DO saturation data does show increasing
supersaturation in urban Massachusetts and a declining DO saturation mov-
ing north in the study area. Supersaturation of oxygen can indicate eutrophic
conditions, where due to the photosynthetic cycle of the algal communities,
supersaturation is observed during the daylight hours, but anoxic conditions are

present during darkness (Carlton and Wetzel 1987).
rH

Increased acidification of water bodies in New England is a widely recog-
nized threat to fish populations, as low water pH can increase the impact of alu-
minum toxicity and disrupt fish respiration. Geffen (1990) conducted laborato-
ry experiments to examine the influence of pH on smelt embryo survival; trials
found that survival was most influenced by the duration of low pH exposure
and embryo developmental stage. For example, high mortality occurred to early
stage smelt eggs (4-6 days post-fertilization) at 5.5 pH when exposure ranged
from 6-11 days. Fuda et al. (2007) conducted similar experiments and found
survival was not affected until pH was < 5.0. The QAPP adopted the water pH
criterion of 2 6.5 to < 8.3 from MassDEP (2007) to protect aquatic life. Most
stations had pH measurements in a range that was not a concern for rainbow
smelt. Median pH during the spawning period ranged from 5.92 — 7.67 (Table
2.2.2, Figure A.2.5). Of the 19 rivers sampled, seven were classified as Impaired
(>10% of individual measurements below pH 6.5). Among the stations classi-
fied as Impaired, only four had routine measurements below 6.0 pH: the three
southernmost Massachusetts stations and Schoppee Brook in Maine.

Turbidirty

Turbidity in water is the result of suspended inorganic and organic matter;
it can be caused by natural fluctuations in sediment transport or by changes
in productivity. The QAPP adopted the turbidity criterion of < 1.7 (NTU)
from the EPA Northeast Coastal Zone ecoregion (US EPA 2000). Most rivers
had median turbidity values >1.7 NTU, and all were classified as Impaired for
having at least 10% of measurements > 1.7 NTU (Table 2.2.2, Figure A.2.6).
Several stations in New Hampshire and southern Maine had median values
well above the threshold. However, this elevated turbidity may result from the
natural suspension of sediments, either due to soil type or the naturally high
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turbidity in the spring associated with snow melt and higher runoff. Adopting
the study’s 25th percentile of 1.9 NTU would still result in all stations being
classified as Impaired. The turbidity data will be further evaluated to determine
if a more appropriate turbidity threshold can be established by removing pre-
cipitation effects through an analysis of baseflow data.

Data Analysis

Median values of water temperature, DO, specific conductivity, pH and
turbidity were compared among sampling stations (Kruskal-Wallis, p < 0.001),
and a multiple comparison test was used to determine which stations were
significantly different from others (Siegal and Castellan, 1988; R code, krus-
kalmc; p = 0.05; Figures A.2.1 — A.2.6). Significant differences were found
for all parameters; trends between parameters were common among rivers and
regions. Conductivity was especially variable among sites and may be related
to watershed characteristics; in the most urban sites (Crane and North rivers,
Massachusetts) conductivity was significantly higher than most other sites,
whereas at the forested sites (Deer Meadow and East Bay Brooks, Maine),
conductivity was significantly lower than most other sites. The relation of these
variables to spawning smelt populations is discussed in the Watershed Charac-
teristics Section.

Nutrient Concentrations

Nitrogen and phosphorus are vital nutrients for plants but can cause exces-
sive growth and degrade the health of aquatic life at high concentrations. The
influence of nutrient pollution on water and habitat quality in rivers and lakes
is a growing concern in the United States (Mitchell et al. 2003). The health
or trophic state of aquatic habitat is influenced most by light, carbon sources,
nutrients, hydrology and food web structure (Dodds 2007). Among these
influences in developed watersheds, nutrient enrichment is most dependent
on human activity and may be most amenable to remediation efforts. Total
nitrogen and total phosphorus were recorded weekly at index stations in the
freshwater portion of the streams on the spawning grounds from 2008-2011.
Field sampling procedures are documented in the QAPP (Chase 2010), and the
laboratory analysis followed EPA-approved Quality Assurance /Quality Control
(QA/QC) protocols.

Nutrient concentrations for smelt spawning habitat were classified us-
ing EPA recommended thresholds for freshwater streams and rivers that were
developed from the distribution of available water quality data (US EPA 2000).
These EPA thresholds for Suitable habitat for the study area are 0.57 mg/L for
total nitrogen (TN) and 23.75 ug/L for total phosphorus (TP). The EPA also
recommends that states develop their own nutrient water quality criteria for
protecting specific designated uses of aquatic habitat under Clean Water Act
assessment and remediation processes (US EPA 2000). In this light, the TN
and TP data recorded for this study were compared to the EPA nutrient criteria
and the data distributions were evaluated for potential smelt habitat-specific

thresholds (Table 2.2.3)
Total Nitrogen
Measurements of TN at 20 stations during 2008-2011 showed a trend of
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higher concentrations in urban areas (Table 2.2.3, Figure A.2.7). The range

of median concentrations for all stations was 0.216 - 1.395 mg/L. Only five
stations were classified as Suitable for TN (< 10% of measurements below
0.57 mg/L; EPA 2000), with four of these stations at the northeastern end of
the study area. All others were classified as Impaired. The TN 25¢h percentile
generated from the study sites was 0.340 mg/L, which was 40% lower than the
EPA ecoregion threshold.

Total Phosphorus

Measurements of TP displayed a more stable trend across the study area
(Table 2.2.3, Figure A.2.8). The range of median concentrations for all stations
was 12.18 ug/L to 36.72 ug/L. Only 4 stations were classified as Suitable for TP
(< 10% of measurements below 23.75 ug/L; EPA 2000). All others were classi-
fied as Impaired. The TP 25th percentile generated from the study stations was
17.56 ug/L; 26% lower than the EPA ecoregion threshold.

TN/TP Ratio

While total concentrations of nitrogen and phosphorus are important for
plant production, the balance or ratio of TN to TP can also influence growth
and species composition. Most TN:TP ratios were in a range expected for
freshwater systems in New England (15:1-30:1). Higher ratios indicating high
nitrogen and possible phosphorus limitation were found at the most urbanized
stations, and low ratios most influenced by high phosphorus were only found at
a few stations where watershed development was low.

Data Analysis

Comparisons of median TN, TP and TN:TP ratios among sampling sta-
tions found significant differences for all three parameters (Kruskal-Wallis, p <
0.001). A multiple comparison test was used to determine which stations were
significantly different from others (Siegal and Castellan, 1988; R code, krus-
kalmc; p = 0.05). The box plots in Figures A.2.7 — A.2.8 represent a graphic
display of the multiple comparisons. The high TN concentrations at Crane
River and North River (> 1.0 mg/L) in Massachusetts were significantly dif-
ferent from all stations except the Saugus River. The four stations with median
TN < 0.3 mg/L were significantly lower than most the remaining stations, all
but one found in urban areas of Massachusetts and New Hampshire.

Periphyton

Periphyton is the complex of benthic algae, detritus and other microorgan-
isms that attaches to the river bed and is an important indicator of primary pro-
duction and environmental disturbances in aquatic habitats. Periphyton growth
responds to nutrient enrichment and can reach excessive or nuisance growth in
eutrophied systems (Biggs 1996). Eutrophication has been identified as a major
concern for smelt spawning habitat due to the potential impact of excessive pe-
riphyton growth on smelt embryo survival at spawning riffles in Massachusetts
(Chase 2006). These concerns have also been raised for smelt runs in tributar-
ies to the St. Lawrence River in less urban regions of Québec (Lapierre et al.
1999). Periphyton monitoring was conducted to provide a biological response
variable for nutrient concentrations that may be directly related to successful
embryonic survival. Laboratory experiments studying the effect of periphyton
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growth on smelt embryo survival complimented the field monitoring. The lab
results demonstrated that embryo survival was significantly lower on substrata

with high periphyton growth/concentrations than on clean surfaces (Wyatt et
al. 2010).

Field monitoring measured the growth of periphyton on spawning ground
substrate at the index sites during the spawning period to determine how
growth may differ between sites. Ceramic tiles were deployed to collect pe-
riphyton during the 2008-2009 spawning period at riffle habitat where smelt
deposit eggs. Periphyton growth on the tiles was collected biweekly to quan-
tify daily growth and describe algal species composition. Ash-free dry weight
(AFDW,, g/m?*/day) was calculated as a measure of periphyton biomass. Average
periphyton growth ranged from 0.006 to 0.120 g/m?*/day at 12 smelt spawning
habitat stations (Table 2.2.3). The range of periphyton growth included very
low growth at the easternmost Maine stations to high growth at urban centers
in Massachusetts.

No algal biomass thresholds are available specifically for smelt spawning
habitat. In the absence of published thresholds, the 25th percentile of 0.0143
g/m?*/day was calculated from the AFDW medians observed during this study
and compared to all values. All river stations exceeded this threshold and were
classified as Impaired for periphyton, except for Deer Meadow Brook, Chan-
dler River and East Bay Brook, Maine. The periphyton data suffer from high
variability and low sample sizes at some sites. However, there appears to be
potential value in using the 50th percentile (0.0533 g/m?/day) as a threshold
for moderately impacted rivers. At the stations with medians above the 50th
percentile (Figure 2.2.1), the periphyton could be characterized as excessive
growth that could impede egg incubation and appears to be associated with
higher TN and urbanization. However, more work is needed to understand
the range of periphyton growth at different spawning streams, how this var-
ies annually in response to environmental conditions, and the point at which
periphyton growth impairs embryo survival.

Heavy Metal Concentrations

Heavy metals such as cadmium, chromium, copper, iron, lead, manganese,
mercury, silver and zinc can be absorbed by both fish embryos and larvae and
lead to developmental abnormalities and reduced survival (Finn 2007, Jezierska
et al. 2009, Wegwu and Akaninwor 2006). Short-term, high-intensity con-
tamination mostly occurs in the spring months during snowmelt periods, when
mild water acidification that is associated with snow melt leads to free metal
ions being leached from sediments (Jezierska et al. 2009). Long term exposure
to lower concentrations of heavy metals may be of equal concern. The toxic ef-
fects of aluminum on salmonid embryos are seen when pH is below 6.5; at this
level, pH can inhibit the swelling of the egg shell, reducing the amount of space
for the embryo to develop and move, and leading to stunted growth or physical
abnormalities (Finn 2007). Cadmium, lead and copper at low levels can exac-
erbate these effects at any pH (Jezierska et al. 2009). Above critical thresholds,
mercury, lead, cadmium, chromium, iron, and zinc have all been shown to
reduce the number of embryos successfully hatching (Wegwu and Akaninwor
2000), as well as to disturb skeletal growth, impair hemoglobin (red blood cell)
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formation, cause osmoregulatory failure, and limit overall growth because the

organism’s energy is spent ridding the body of the toxic contaminants (Finn
2007; Jezierska et al. 2009).

We sampled heavy metal concentrations and other minerals (calcium and
magnesium) at all index sites during baseflow conditions over the course of the
spawning period in 2010 and 2011 to describe the range of concentrations to
which smelt embryos are chronically exposed. Although not part of this study,
corollary laboratory experiments should be performed to ascertain which metals
and what concentrations reduce survival and impair normal development in
smelt embryos and larvae.

Of the heavy metals, silver, cadmium, and mercury concentrations were
below detection levels for all sites during all sampling periods (detection levels
0.002 mg/l, 0.5 ug/l, 0.5 ug/l, respectively). Chromium was detected only once
during the sampling period, in the Oyster River, New Hampshire (0.003 mg/l;
detection level 0.002 mg/l). Although these metals were not detected, or de-
tected only once, it should not be assumed that they are not present. They may
in fact be present either at concentrations below the detection levels or during
runoff or precipitation events neither of which our sampling captured. All other
metal concentrations were detected at most sites, and the range of values fol-
lowed a log distribution. As log distributions are typical of metal concentrations
in many regions, the values we measured likely represent much of the range of
metal concentrations present in the region during the smelt spawning season

(Table 2.2.4).

A principal components analysis (PCA) was performed using the 2010-
2011 average concentrations (log transformed to produce normal distributions)
to determine which metal and mineral concentrations trended together, and
which seemed to vary on their own. From this analysis, we find that lead (Pb;
abbreviations refer to labels in associated figure, and are not the full elemental
symbols with ionic sign), copper (Cu), and zinc (Zn) are highly related and
trend opposite from aluminum (Al). This pattern indicates that when high
values of lead, copper, and zinc were present, aluminum values were low, and
vice versa. Being drivers of water hardness, calcium (Ca) and magnesium (Mg)
were highly related to hardness and alkalinity, but notably nickel (Ni) was also
highly related to these variables (Figure 2.2.2).

The relationship between metal concentrations and watershed characteris-
tics is explored in the following section.

Watershed characteristics

As suggested throughout the preceding sections, watershed land use can
affect water quality in receiving streams and rivers in a variety of ways. The
development of wetlands, agricultural fields, or forested areas replaces porous
soils with impervious surfaces, which increases the velocity of water flowing off
the land and the supply of suspended sediments, nutrients, and contaminants
to adjacent streams (Brenner and Mondok 1995, Corbett et al. 1997, Strayer et
al. 2003, US EPA 2004). In addition, agricultural areas contribute nutrients—
both nitrogen and phosphorus—to receiving streams. In aquatic ecosystems,
these nutrients can promote algal blooms, deplete oxygen, and degrade fish
habitat (Carpenter et al. 1998, Howarth et al. 2000).
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Understanding how water quality, nutrient levels, and heavy metal concen-
trations are related to watershed land use is important for developing manage-
ment strategies to minimize impacts to rainbow smelt eggs and larvae.

Correlations between watershed land use and water quality parameters,
nutrient levels, periphyton growth, and heavy metal concentrations were evalu-
ated using Spearman’s rank correlation statistic. Results are presented in Table
2.2.5 at the scale of the full drainage basin and riparian buffer zone. Several
key patterns emerge from these correlation results that are relevant to rain-
bow smelt conservation. First, patterns are very similar at full watershed and
riparian buffer scales, indicating that land use in the broader watershed exerts
a similar influence on water quality as land use immediately adjacent to the
receiving stream. Second, the percent of development and forest in the water-
shed show the strongest associations with water quality, with the direction of
influence occurring in opposition to one another. For example, higher percent-
ages of developed areas are associated with higher stream dissolved (available) Understanding how water
nitrogen and heavy metals concentrations; conversely, highly forested water- quality, nutrient levels,
sheds are associated with lower concentrations of nitrogen and metals (Craw-
ford and Lenat 1994). Because periphyton growth is dependent on available
nutrients (like dissolved nitrogen), and because heavy metals can negatively

and heavy metal con-
centrations are related

affect embryo development and survival, this pattern suggests that protecting to watershed land use is
forested areas is important for maintaining water quality conditions that are important for developing
beneficial to rainbow smelt. management strategies
to minimize impacts to
Conclusions rainbow smelt eggs
When compared to the established EPA thresholds, the water quality data and larvae.

collected during 2008-2011 show widespread impairment due to elevated

TN, TP, and turbidity and more localized impairment from acidification and
excessive periphyton growth. More work is needed to evaluate existing criteria
and to establish new thresholds that are specific to smelt spawning habitat.

For example, the turbidity criterion is likely too low to be relevant for stream
riffles during spring; conversely, the water temperature and DO criteria may be
too high, as smelt embryos require a lower temperature than the current EPA
threshold. The highest median values for TN, conductivity and periphyton
were associated with urban sites. Most sites with few identified impairment
were at the northern end of the study area.

These results provide a range of water quality conditions that affect
successful embryonic survival. From high impairment in urban settings to suit-
able water quality in rural settings, these sites are examples of both conditions
requiring remediation and demonstrating restoration targets. We encourage
resource managers to use these baseline conditions to consider potential reme-
diation measures (e.g., riparian buffers, stormwater improvements, point source
reductions) to improve impairments and to plan for protecting locations with
suitable conditions for supporting smelt spawning success.
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Table 2.2.1. Water chemistry
criteria related to smelt spawn-
ing habitat. The water chemistry
parameters were adopted to
protect Aquatic Life at Class B
Inland Waters (MassDEP 2007),
and US EPA reference conditions

Parameters

Existing Water Quality Criteria

Suitable

(MassDEP 2007)

Minimally
Impacted

25th Percentile
(US EPA 2000)

Minimally
Impacted

25th Percentile

Moderately
Impacted

50th Percentile
(2008-2011 data) (2008-2011 data)

. Temperature (°C <283
(25th percentile) for the Northeast sp. Cond‘Lctivity (:ns}cm) <0131
Coastal Zone sub-Ecoregion (US pH 26.5t0<8.3
; Hapi DO (mg/L, 26.0
EPA 2000). Potential criteria are Turbiéityg(/NT)U) c1q <10 <o
presented based on 25th and TN (mg/L) <0.570 £0.340 <0.452
50th percentiles from 2008-2011 - TP(ug/l) $23.75 < 17.56 £20.43
project data. Blank cells indicate Periphyton Biomass (g/m2/d) <0.0143 <0.0533
either that no criterion exists or
the derived percentile has limited
relevance for smelt habitat.
Temp. Cond. DO % DO mg/L pH NTU
State River Code | Median Exceed| Median Exceed| Median Exceed| Median Exceed| Median Exceed| Median Exceed
MA  Westport WP 9.55 0%| 0.130 96.1 10.96 0% 592 99% 14 33%
MA  Weweantic Ww 11.05 0%| 0.092 95.9 10.55 0% 6.23 90% 22 T74%
MA  Jones JR 9.71 0%| 0.200 100.0 11.74 0% 6.39 68% 28 90%
MA  Fore FR 10.26 0%| 0.558 105.1 12.06 0% 7.09 2% 2.1 71%
MA  Saugus SG 8.89 0%| 0.663 102.3 11.98 0% 7.28 0% 29  91%
MA  North NR 9.57 0%| 0.962 105.0 12.45 0% 7.24 0% 20 74%
MA  Crane CN 9.22 0%| 0.997 99.1 11.89 0% 7.18 1% 34  99%
MA  Essex ER 9.83 0%| 0.200 105.2 12.32 0% 6.71 28% 1.3 29%
MA  Parker PR 9.11 0%| 0.252 105.1 11.88 0% 7.02 1% 1.8  65%
NH  Squamscott sQ 11.69 0%| 0.152 100.4 10.93 0% 6.93 2% 1.8 57%
NH  Winnicut WR 11.50 0%| 0.315 97.6 11.21 0% 7.43 0% 43 88%
NH  Oyster oy 10.48 0%| 0.195 101.0 11.31 0% 7.38 0% 44 100%
ME Long Creek LC 10.36 0%| 0.525 97.0 11.07 0% 7.25 0% 6.9 100%
ME  Mast Landing ML 8.79 0%| 0.134 98.1 11.52 0% 7.1 8% 88 100%
ME  Deer Meadow DM 10.99 0%| 0.031 98.0 11.14 0% 6.84 18% 24  84%
ME Tannery Brook TB 12.68 0%| 0.157 98.1 10.43 0% 7.67 4% 1.8  55%
ME  Schoppee SB 9.46 0%| 0.089 92.5 10.26 0% 6.27 7% 2 82%
ME  Chandler River CR 12.86 0% 92.8 9.47 0% 672 21% 20 100%
ME East Bay EB 9.80 0%)] 0.046 95.1 10.76 0% 7.31 7% 20 69%
25th Percentile 9.51 0.131 96.6 10.85 6.72 1.9
50th Percentile 9.83 0.197 98.1 11.21 7.09 2.1

Table 2.2.2. Basic water chemistry
measured at 19 smelt fyke net
index stations in the U. S. Gulf of
Maine and Buzzards Bay, Mas-
sachusetts. Median values were
calculated from all available data
from 2008-2011. The percent-
age of samples at each station
that exceed the QAPP (Chase
2010) thresholds are presented
in shaded cells, indicating an
Impaired classification for the pa-
rameter. No water quality criteria
are available for conductivity or
DO saturation.
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TP TN N:P AFDW (g/m°/day)
State River Code N Median Exceed N Median Exceed N Median N Median
MA  Westport WP 25 19.20 20% 25 0.608 56% 25 33.2 0
MA  Weweantic ww 26 37.60 81% 23 0.283 17% 23 7.8 0
MA  Jones JR 48 16.70 13% 47 0.569 49% 47 34.1 8 0.0169
MA Fore FR 47 21.10 36% 48 0.530 31% 47 231 8 0.0154
MA  Saugus SG 10 26.95 70% 11 0.917 100% 10 36.1 0
MA  North NR 47 21.06 28% 49 1.395 100% 47 68.0 6 0.0828
MA  Crane CN 48 21.89 42% 48 1.265 100% 48 58.9 8 0.1198
MA Essex ER 11 12.80 9% 11 0.411 9% 11 31.3 0
MA  Mill MR 45 21.80 36% 46 0.644 72% 45 26.0 8 0.0685
MA Parker PR 1 17.60 0% 11 0.523 46% 11 31.0 0
NH  Squamscott saQ 37 17.44 19% 37 0.420 11% 37 227 9 0.0598
NH Winnicut WR 37 20.10 32% 36 0.516 36% 36 25.3 9 0.0867
NH  Oyster oy 15 22.70 40% 15 0.387 20% 15 18.3 0
ME Long Creek e 30 20.75 27% 29 0.425 28% 29 23.6 4 0.0625
ME  Mast Landing ML 37 18.81 22% 37 0.258 0% 37 11.9 0
ME  Deer Meadow DM 37 17.90 16% 35 0.253 0% 35 16.5 4 0.0068
ME  Tannery Brook TB 32 23.64 50% 32 0.332 0% 32 13.9 5 0.0468
ME Schoppee SB 18 27.00 61% 18 0.479 11% 18 15.5 0
ME  Chandler River CR 10 14.95 0% 9 0.342 11% 9 24.6 4 0.0111
ME  East Bay EB 34 11.15 6% 33 0.216 0% 33 17.7 4 0.0055
25th Percentile 17.56 0.340 17.4 0.0143
50th Percentile 20.43 0.452 241 0.0533
Table 2.2.3. Nutrient and periphy-
ton measurements for all index
stations in the U. S. Gulf of Maine
and Buzzards Bay, Massachu-
setts. The percentage of samples
at each station that exceed the
QAPP (Chase 2010) thresholds
are presented in shaded cells,
indicating an Impaired classifica-
tion for the parameter. No criteria
are available for the N:P ratio or
periphyton.
Analyte Unit 2010 2011 2010-2011  2010-2011 2010-2011
Detection Detection Mean Low High
Limit Limit Value Value Value
Aluminum mg/L 0.005 0.01 0.1347 0.0059 1.0000
Arsenic ug/L 0.5 0.5 1.30 0.51 4.00
Cadmium ug/L 0.5 0.5 BDL BDL BDL
Calcium mg/L 0.05 0.05 13.78 0.55 52.00
Chromium mg/L 0.002 0.002 0.003 0.003 0.003
Alkalinity mg/L 1 1 29.14 3.26 100.00
Copper mg/L 0.0005 0.0005 0.0013 0.0005 0.0077
Iron mg/L 0.05 0.05 0.62 0.16 2.70
Lead ug/L 0.5 0.5 1.05 0.38 3.10
Magnesium mg/L 0.05 0.05 4.27 0.27 39.00 Table 2.2.4. Analytes measured in
Nickel mg/L 0.0005 0.0005 0.0016 0.0005 0.0050
Silver mg/L 0.002 0.0005 BDL BDL BDL water samples 1..‘ake.n at ba?seflow
Zinc mg/L 0.002 0.002 0.006 0.002 0.021 at smelt spawning index sites
Total Hardness mg/L 0.35 0.33 54.6 2.5 430.0 2010-2011. Detection limits and
Not Sampled .
Mercury ug/L 0.5 in 2011 BDL BDL BDL mean, low, and high concentra-

tions are shown for each analyte.
BDL = below detection limit.
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Full watershed

Stream buffer

Table 2.2.5.

correlation between water quality

%dev %devopen %forest %wetland %ag | %dev %devopen %forest %wetland %ag
Water quality
conductivity 0.95 0.9 -0.83 -0.16 -0.12 0.94 0.92 -0.79 -0.01 -0.24
DO conc. 0.67 0.65 -0.38 -0.18 -0.19 0.51 0.56 -0.34 -0.05 -0.2
pH 0.36 0.39 -0.25 -0.42 0.01 | 0.42 0.43 -0.3 -0.33 -0.14
turbidity 0.32 0.47 -0.22 -0.14 -0.04 | 0.28 0.51 -0.12 -0.21 -0.18
TP 0.26 0.34 -0.46 -0.21 0.04 0.36 0.31 -0.48 -0.11 -0.02
TN 0.87 0.77 -0.81 0.1 -0.16 | 0.85 0.74 -0.74 0.24 -0.19
AFDW 0.62 0.49 -0.57 -0.1 0.23 | 0.69 0.55 -0.58 0.04 -0.02
alkalinity 0.83 0.77 -0.66 -0.23 -0.14 0.8 0.76 -0.66 -0.05 -0.25
hardness 0.83 0.78 -0.7 -0.24 -0.11 | 0.88 0.88 -0.68 -0.16 -0.33
Metals
Al -0.53 -0.44 0.46 0.2 0.22 | -0.39 -0.28 0.56 0.02 0.13
As 0.54 0.45 -0.44 0.13 0.22 | 0.61 0.57 -0.4 0.15 -0.04
Ca 0.83 0.75 -0.68 -0.3 -0.16 0.86 0.82 -0.67 -0.19 -0.36
Cu 0.58 0.45 -0.37 -0.41 0 0.42 0.35 -0.41 -0.25 -0.09
Fe 0.26 0.43 -0.32 0.22 0.42 | 0.19 0.41 -0.3 0.24 0.34
Mg 0.86 0.84 -0.74 -0.05 -0.06 0.89 0.92 -0.67 -0.01 -0.26
Ni 0.89 0.89 -0.74 -0.21 -0.04 0.81 0.83 -0.69 -0.08 -0.2
Pb 0.64 0.63 -0.72 -0.45 -0.81 | 0.81 0.59 -0.64 -0.36 -0.8
Zn 0.7 0.74 -0.87 -0.29 -0.35 0.74 0.71 -0.82 -0.25 -0.44
Spearman’s rank
metrics and land cover at two
spatial scales (e.g., full water-
shed and riparian buffer zone).
Correlation coefficients in bold
type indicate significance at the
p=0.05 level.
0.35
030 - . #2008 W2009
0.25 |
0.20 |
AFDW
0.15 - = = &
0.10 *
Figure 2.2.1. Annual median B L
periphyton growth (ash-free dry 0.05 -~ B ) a na = .
weight, g/m?/day) displayed by [ | 5| * &
sample station with 50th per- 0.00 -8 —8-
centile of station median values IR FR. NR CN MR SQ WR LC DM TB (R EB
marked by green line. Refer to
Table 2.2.2 for river codes. River

58 « ANADROMOUS RAINBOW SMELT REGIONAL CONSERVATION PLAN




Figure 2.2.2. Principal compo-
nents analysis (PCA) performed
on 2010-2011 average metal
and mineral concentrations (log
transformed). The first compo-
nent is driven most by hardness
(a variable which represents the
total mineral concentration of
water, driven by calcium and mag-
4- : nesium), magnesium, calcium,
i alkalinity, and nickel. The second

component is driven most in the

. . . . A . . . . positive direction by aluminum
-4 -2 0 2 4 and arsenic and less so by iron,

Component 1 (56.6 %) a.nd in the negative direction by
zinc, copper, and lead.

Component 2 (15 %)

2.3 - THREATS TO SMELT IN MARINE COASTAL WATERS

Smelt spend at least half the year in marine coastal waters during the
summer and fall months. As adults and juveniles they are a schooling fish that
attract a wide range of predators. While monitoring this life phase can be more
difficult than monitoring discrete spawning runs, it is no less important when
considering the species decline. During this period, smelt are susceptible to
environmental influences on survival, shifts in natural mortality and to capture
in small mesh fisheries targeting other species. These topics are discussed below,
using the best available information to discuss how each issue may be affecting
smelt populations; however, to fully understand the implications, each requires
further study.

Fish Health

Improving understanding of fish health status as well as the abundance,
geographic distribution, and vectors of areas of study necessary to support the
development and implementation of conservation strategies designed to protect
and restore rainbow smelt populations. Pathogens can adversely affect both
juveniles and adults in both general and acute ways, including organ failure,
energy loss, interruption of hormonal pathways and reproductive weakness (D.
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Fish from a majority of
the sites spanning the
entire Gulf of Maine
region showed evidence
of erythrocytic disease, or
degradation of red blood
cells, leading to anemic
effects.

Bouchard, University of Maine, pers. comm., 2011).

We characterized pathogen presence endemic to smelt at fourteen spawn-
ing index sites spanning the Gulf of Maine over a two-year period, 2009-2010
(Bouchard 2010). Sampling did not detect bacterial pathogens of regulatory
concern but did detect endemic parasites that are well documented for similar
anadromous species. Parasitological results were typical of wild fish populations,
with various trematodes (e.g., black grub), cestodes, nematodes and protozoa
observed at all sites. A microsporidian parasite detected in various tissues of
many individuals in this study was not identified as to species, but is consis-
tent with (Glugea hertwigi), which was confirmed at one site: the Fore River,
Massachusetts. This parasite has been documented extensively in freshwater
smelt can be detrimental to successful spawning because this parasite infests the
gonads of smelt (Jimenez et al. 1982, Nsembukya-Katuramu et al. 1981). The
observation of large numbers of (Philometra spp.)-like nematodes in the gonads
of the majority of female fish in the study is also consistent with reports of this
parasite as an opportunistic pathogen of spawning female fish in other species
(Moravec and de Buron 2009).

Virology results revealed a viral agent from adults from Casco Bay, Maine;
however, it is difficult to place any significance to this agent at the present time
because the virus is not similar to currently catalogued agents (IPNV, IHNV,
ISAV, and VHSV have been ruled out by PCR techniques). More analysis on
this agent is needed to fully understand the physiological effects it may be hav-
ing. Fish from a majority of the sites spanning the entire Gulf of Maine region
showed evidence of erythrocytic disease, or degradation of red blood cells,
leading to anemic effects (Bouchard 2010). This last point may be of specific
concern and warrants further investigation to understand the extent of disease
and causal factors.

Fishing Mortality
Overfishing in historical fisheries

While historical fisheries for rainbow smelt landed thousands (and in
Maine millions) of pounds annually in the 1800s, because the relative size of
the entire population was unknown, it is not possible to quantify the effect of
these targeted fisheries on smelt populations.

As populations declined in the 20th century, and as regulations limited
fishing gear and take in response to this decline, targeted fishing effort has also
been reduced. Today, few targeted commercial fisheries exist: a dip and bow
net fishery is open to permitted individuals in Great Bay, New Hampshire; and
a gill and bag net fishery are allowed during a regulated time period to per-
mitted individuals on five rivers in downeast Maine. Large-scale recreational
hook-and-line ice fisheries also exist in Great Bay, New Hampshire, and on
many rivers and embayments in Maine (most notably the Kennebec River and
Merrymeeting Bay area). While these fisheries are not thought to contribute
high mortality for the smelt populations they target, the current extraction rates
are unknown. Studies by the ME DMR in the late 1970s estimated that the ice-
fishery on the Kennebec River extracted less than 5% of the total smelt popula-
tion in the river (Flagg 1983). In Maine there is also a large recreational dip net
fishery that targets adult smelt on the spawning grounds during the spring runs.
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While there is a limit of 2 quarts of smelt per person per day in this spring
fishery, the contribution to mortality is unknown.

Incidental catch in small mesh fisheries

Five small mesh fisheries operate in the Gulf of Maine, all capable of en-
countering rainbow smelt. Because smelt is not a regulated species for federally
permitted fisheries, incidental catch (bycatch) is not required to be reported,
although it is in some cases. Thus, it is difficult to determine the total amount
of smelt bycatch; however, the relative impact on the species can be assessed
based on reports from the Northeast Fisheries Science Center Observer (NEF-
SC) Program, which monitors catch from a representative sample of each fleet
(NEFCS 2012). The following analyses represent all Gulf of Maine states.

The Northern shrimp fishery operates in nearshore coastal waters during
the winter and early spring months. Since 1992, the fishery has been required
to install a finfish excluder device in their nets, the Nordmore grate. Prior to
1992, total bycatch in this fishery comprised almost two-thirds of the catch
(Howell and Langan 1992). Subsequent surveys have found that the grate is
extremely effective in limiting bycatch; Eayrs et al. (2009) observed reductions
to 4-8% of the total catch over a two-year period.

Using NEFSC observer records, the effect of the Nordmore grate on reduc-
ing smelt bycatch can specifically be seen. In the period directly preceding the
requirement of the excluder device (1989-1992), there were 197 observed trips
on vessels targeting Northern shrimp, and smelt were caught on 38 (19%) of
these trips. A total of 201 Ibs of smelt were caught during these trips combined,
for an average of 5.3 Ibs per trip. The highest was 46 Ibs of smelt bycatch,
although 87% of these trips caught less than 10 lbs. In the period directly
following the excluder panel requirement (1993-2006), the amount of smelt
bycatch on observed trips decreased, although not significantly (Wilcoxon
ranked sum test: p = 0.129 > 0.05). During this period, smelt were observed on
74 (24%) out of 303 observed trips. A total of 289 Ibs of smelt bycatch were
caught during these trips, with an average weight per trip of 3.1 Ibs. The high-
est smelt catch was 31 Ibs, and 92% of these trips had less than 10 Ibs. Recent
data (2007-2011) show that smelt bycatch has decreased significantly from the
last two time periods (Wilcoxon ranked sum test: p < 0.0001 < 0.05). During
this most recent period, smelt bycatch was observed on only 22 162 (14%)
observed trips, all of which saw less than 10 Ibs. The average smelt bycatch for
this recent period was 0.5 lbs, with a maximum catch of 2 Ibs.

Vessel Trip Reports (VTRs) were implemented in 1996, at which point it
became mandatory for vessels to report all catch. From the VIR reports, smelt
were only reported in the shrimp fishery post-2006, but reported annually
since then. From 2006-2011, smelt were reported in 35 trips out of 14,339
trips (0.2%). Of the trips that did report smelt, the average catch was 5.3 lbs,
the highest 100 Ibs (one occurrence), and 94% of trips reported less than 10
Ibs. Further work is needed to estimate the total amount of smelt taken in the
shrimp fishery using both observer and VTR data.

The mackerel, whiting (silver hake), Atlantic herring, and loligo squid
fisheries are all also capable of encountering smelt as bycatch. These fisher-
ies operate on multiple scales with various gear types, including pound (trap)
nets at fixed locations close to shore, offshore trawling, and bag netting. Smelt
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bycatch has been reported on VIRs in the Atlantic herring and whiting fisher-
ies, however too few reports have been given from the mackerel fishery to draw
any inferences, and no smelt bycatch has been reported from the loligo squid
fishery.

In the Atlantic herring fishery, some smelt bycatch was reported in each
year 1996-2011, although was reported on fewer than five reports in 1997,
2002, and 2008-2011. For the total period, smelt were reported in 135 trips
out of 5463 total Atlantic herring trips (2.4%). The average reported catch
was 5.1 lbs, the highest was 100 Ibs (one occurrence), and 84% of these trips
reported less than 10 Ibs.

In the whiting (silver hake) fishery, smelt bycatch was reported for 71 trips
out of a total of 20,204 trips (0.3%) for 1996-2011. In seven of these years,
fewer than 5 VTRs reported smelt (1999, 2004, 2005, 2008-2011). The aver-
age reported catch was 6.4 Ibs, the highest was 42 Ibs, and 73% of these trips
reported less than 101bs.

If these data are representative of smelt bycatch in these fisheries, it is likely
that they are not having a large effect on smelt populations at this time.
However, because we do not have a population estimate for smel, it is not
possible to ascertain the mortality rate due to bycatch in these fisheries. Further,
the effect of small-mesh fisheries in the past cannot be determined. To fully
understand the effect of small-mesh fisheries on smelt populations, more work
is necessary to ensure that the observer and VIR programs are accurately
capturing the extent of smelt bycatch.

Predator-prey relationships
Prey Availability

Rainbow smelt are voracious feeders on amhipods, euphausiids, mysids,
shrimps, marine worms, and any available small fishes (e.g., silverside, mummi-
chog, herring) (Scott and Scott 1988). We do not know of existing broad-scale
data to evaluate changes in the prey of rainbow smelt over time, however, the
prey base was likely affected by changes in primary production and zooplank-
ton community composition during the 1990s (Greene et al. 2012), and such
variability should be expected as a result of oceanographic and climate variabil-
ity. In addition, the balance between small prey species and larger fishes may
shift as a result of ocean acidification (Wootton et al. 2008), which will likely
affect calcifying organisms such as zooplankton and shrimp.

Predator Population Shifts

Predators of rainbow smelt include a variety of aquatic birds (e.g.,
mergansers, cormorants, gulls, terns), fish (e.g., Atlantic cod, Atlantic salmon,
striped bass, bluefish), and seals (Collette and Klein-MacPhee 2002). While
the abundance of some of these predators has declined since the 1990s, others
have increased. For example, striped bass populations have increased dramati-
cally over the past 20 years, although the recovery has not been seen consis-
tently along the coast. Maine striped bass populations have actually declined
or remained at low levels compared to other regions (ASMFC 2011). Striped
bass predation has been shown to have a significant impact on blueback herring
populations in Connecticut River, and has been attributed as one of the factors
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limiting blueback herring restoration in this river (Davis et al. 2009). Similarly,
populations of grey seals in the Gulf of Maine have increased dramatically over
the past few decades (NEFSC 2010). Like striped bass, grey seals are capable
of ingesting large amounts of forage fish, and are found feeding in nearshore
coastal waters in late spring when smelt are present in large schools. Although
not as closely documented, cormorant populations have also sharply increased
in recent years and are known to prey heavily on smelt. Striped bass, cormo-
rants, and grey seals have received protections as managed species that have
increased their populations sharply in short periods of time. Although these
are natural predators that smelt have coexisted with while adapting to Gulf of
Maine environments, it is possible that the impact of increasing predation on
declining smelt populations results in proportionally higher natural mortality
than in the past.

Recent shifts in predator range may also increase the exposure of smelt
to predators. Friedland et al. (2012) suggested that the survival post-smolt
Atlantic salmon may be affected by increasing predator abundance in the Gulf
of Maine; increasing predator abundance that is due not necessarily to increas-
ing population size, but to northward shifts in range due to recent changes
in climatic and oceanic conditions. Because many of these species prey on a
wide range of forage fish, this increasing predator abundance may affect smelt
populations as well, although more research would be necessary to assess this
relationship.

Community shifts

Dramatic declines of diadromous fish populations have been observed
across North America (Limburg and Waldman 2009; Hall et al. 2012).
Saunders et al. (2006) proposed that coherent declines within a co-evolved
diadromous community could negatively affect individual species. While
Saunders et al. (2006) focused on benefits that may have been lost for Atlantic
salmon through community-level shifts, several of these could also affect rain-
bow smelt. In particular, the decline of species such as alewives, blueback her-
ring, and American shad—which are present in rivers and estuaries as juveniles
during the same time as rainbow smelt—could have resulted in the loss of a
prey buffer for rainbow smelt juveniles, making them more vulnerable to
predation.

Climate-driven environmental change

It is anticipated that climate change will influence temperature and pre-
cipitation patterns in New England, and some of these effects may already be
evident in recent environmental trends. Surface water temperature has been
monitored monthly nearly continuously since 1905 (ME DMR 2011). This
temperature series shows periods of warming during the 1940s-1950s and again
from the 1990s to mid-2000s, with the warmest water on record observed in
2006 (Figure 2.3.1). Because smelt are a cold water species, their geographic
distribution shift northward may be influenced by the trend in warmer waters.

In addition to warmer coastal waters, freshwater conditions have changed
in recent years as well. During the 1980s and 1990s, the Northeast experi-
enced an increase in heavy precipitation events, and warmer temperatures have
reduced ice cover and prompted earlier spring flows (Hodgkins et al. 2003,
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Frumhoff et al. 2007). On New England streams that are substantially affected
by snowmelt, the winter/spring center of volume dates and peak flow dates
advanced by 1-2 weeks between 1970 and 2000 (Hodgkins et al. 2003). Water
temperature and flow changes may affect spawning migration timing (Juanes

et al. 2004, Ellis and Vokoun 2009), development rates, and early life stage
survival in rainbow smelt. More research is needed to understand how climate-
related environmental changes influence smelt abundance and distribution
changes and to anticipate future implications for rainbow smelt.

With concern to species communities and shifts that are due to climate
change, evidence suggests that the balance between small prey species and larger
fishes may shift as a result of ocean acidification (Wootton et al. 2008). As the
amount of atmospheric carbon increases, the amount of dissolved carbon in
oceanic water also increases, in turn decreasing the pH of seawater. At lower
pH values, the development and survival of calcifying marine organisms like
coralline algae and phytoplankton are inhibited. Because these organisms are
the base of the marine food chain and the direct diet of many of smelts’ prey
species, a decline in these organisms may also negatively affect smelts’ prey base.
This hypothesis has been examined on the Pacific coast, but with no conclu-
sive results, and has only begun to be considered in the Gulf of Maine. More
research is needed to fully understand the effect of climate change on species
composition changes in this region.
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3 - CONSERVATION STRATEGIES

We recommend that rainbow smelt remain federally listed as a Species of
Concern. Populations have disappeared from their southern range in a short
period of time and are also declining in their present distribution in the Gulf of
Maine. The species should continue to be monitored, and factors contributing
to its decline should continue to be assessed.

3.1 - REGIONAL CONSERVATION STRATEGIES
We recommend that

rainbow smelt remain
federally listed as a
Species of Concern and
that current population
monitoring efforts
continue in the Gulf of

Recommendation 1: Continue monitoring programs

Each state within the present distribution of rainbow smelt in the Gulf of
Maine currently monitors populations through inshore trawl, juvenile abun-
dance, fyke net, and/or creel surveys.

In states at the extreme southern limit of the range where spawning
populations have not been documented within the past ten years, inshore trawl )
surveys are likely the most effective way to monitor the remnant populations. Maine.
In the Gulf of Maine states, trawl surveys provide the only source of data on
the marine life phase of smelt. It is necessary that these surveys continue to
document smelt presence and quantify abundance, and it is reccommended that
biological information is collected from a sub-sample of catches.

The regionally standardized fyke net survey developed for this study should
be continued in the Gulf of Maine. A standardized survey is necessary to
provide long-term data that can track inter-annual variability across distinct
spawning stocks. This information is critical for detecting whether populations
are declining or showing signs of stress, as may be characterized by truncated
age distributions, decreases in length at age, and decreases in CPUE over time.
The juvenile abundance surveys should also be continued in New Hampshire
and Maine as the only surveys targeting this life stage. Further, creel surveys
should be maintained at recreational fishing sites to provide a measure of the
impact of the fishery as well as information about changes in population size
and biological characteristics over time.

Because some pathological concerns were found as part of this project (see
section 2.3 — Threats to Smelt in Marine Coastal Waters), Gulf of Maine states
should periodically monitor rainbow smelt from multiple spawning stocks
for pathology, including parasite occurrence, viral agents, and systemic physi-
ological problems. Further, states should cooperate with Canadian provinces to
compare parasite and disease prevalence in the entirety of the species’ range.
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Restoring in-stream
habitat (e. g. substrate,
water volume and
velocity, pool and riffle
areas), riparian buffer,
improving and preserv-
ing watershed functions,
and restoring access are
important management
strategies to improve
local smelt populations.

Recommendation 2: Restore historical or degraded spawning habitat

Spawning habitat degradation and obstructions to access have been identi-
fied as two important factors that have reduced successful spawning. Restoring
in-stream habitat (e. g. substrate, water volume and velocity, pool and riffle
areas), riparian buffer, improving and preserving watershed functions, and
restoring access are important management strategies to improve local smelt
populations.

Where possible, head-of-tide dams should be removed. Eggs deposited be-
low dams are subject to periods of salinity during high tide and may be exposed
to air at low tide if freshwater flows coming over the dam are low. Perched
culverts and small water control barriers can also have this effect. When these
obstructions are removed, smelt are able to ascend into freshwater, where water
chemistry is more stable over time and water level is relatively constant. While
undersized culverts (less than 1.2x bank-full width) may not completely block
access, they can limit the number of smelt that reach the spawning grounds by
creating velocity barriers. Restoration projects to improve road-stream cross-
ings should design replacement culverts that target minimum water depth of 6
inches with average velocities in the culvert of 0.5 m/s or less, and flood veloci-
ties below 1.5 m/s (see section 2.1 — Threats to Spawning Habitat Conditions
and Adult Spawning).

Additionally, water quality at the spawning grounds must support healthy
embryonic development and survival. We found that diminished rainbow smelt
spawning runs existed in rivers surrounded by urbanized watersheds, while
rivers draining forested watersheds supported strong smelt spawning popula-
tions. Comparing watershed conditions to water quality, higher concentrations
of nutrients and toxic contaminants were associated with developed areas,
while highly forested watersheds were associated with lower concentrations
of nutrients and metals. This pattern suggests that protecting forested areas
is important for maintaining water quality conditions that are beneficial to
rainbow smelt. Furthermore, regional efforts to purchase conservation lands
should consider parcels in watersheds that support smelt spawning habitats.
When development does occur in watersheds with smelt spawning habitat, the
amount of impervious surface should be minimized, and stormwater mitigation
techniques should be implemented to curtail the impacts on water quality (e. g.
riparian buffers, vegetated stormwater retention pools, underground filtration
systems, etc.).

Recommendation 3: Smelt Fishery Management Actions

The results of the present study documented evidence of high population
mortality (truncated age distribution) and poor recruitment (low abundance)
in smelt populations in the southern portion of the study area. The time series
of population data collected among the fishery dependent and independent
surveys is too brief to determine the causes of these stressors on smelt popula-
tions. However, overfishing was consistently identified as a significant concern
in the latter half of the 19th century and the early 20th century in the southern
portion of smelt’s distribution.

The sustainability of current smelt fisheries, both recreational and commer-
cial, will require management strategies to quantify natural mortality and fish-
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ing mortality. We recommend that each state in the study area review current
smelt fishery regulations and identify locations where present management may
not be sufficient to protect distinct populations that display evidence of stress.
We recommend that states estimate fishing mortality from all targeted smelt
fisheries and review bag limits on both commercial and recreational fisheries
that target smelt.

Recommendation 4: Expand research to estimate population size
and assess the potential impacts of ecosystem and climate changes

The surveys carried out as part of this project did not enable us to develop
a population estimate for rainbow smelt. However, the standardized fyke net
survey established by the study should be continued with additional research
in order to assess smelt population status in the region, understand the im-
pact of targeted fishing and incidental bycatch, and to understand the relative
contributions of each spawning stock to the regional population. This may be
accomplished through a large-scale mark and recapture effort that targets each
genetic stock (Kovach et al., in press; section 1.1 — Basic Biology). Tagging
studies carried out as part of this project to understand habitat use and within-
season repeat spawning behavior documented few inter-annual returns (less
than 1%), although approximately 200 smelt per year were tagged (assumed to
be less than 10% of the entire run based on estimated fyke net catch efficien-
cies). Future tagging studies should tag a representatively larger sample of the
spawning population to effectively monitor inter-annual repeat spawning and
estimate population size. Additionally, improved and validated age structure
data are needed to support future estimates of population size. Efforts should
be made to maintain sufficient age structure sample sizes in each state.

Further research is needed to understand how changes in prey availability
and predator abundance affect smelt populations. Other studies have found
connections between increasing predator populations and depressed forage fish
populations (see section 2.3 — Threats to Smelt in Marine Coastal Waters).
Because these studies looked at predators that also feed on anadromous smelt,
the impact on smelt populations should also be examined.

Species that are important prey of rainbow smelt may be particularly af-
fected by changes in the chemistry of marine waters. Increases in the amount of
carbon in the atmosphere are associated with increases in the amount of carbon
in salt water, which leads to a reduction in oceanic pH that may negatively im-
pact small prey species, such as calcareous plankton (Wooton et al. 2008). This
relationship needs to be better quantified to understand the effect of a smaller
prey base on smelt populations. Conversely, predator populations that have
shifted in their range in response to climate conditions may be preying upon
forage fish populations more than in previous times (Friedland et al. 2012).
Further studies are necessary to understand how rainbow smelt will be affected
by changes to their prey and predators as a consequence of climate change.

Climate change may also impact smelt populations by changing the extent
of available spawning areas. Smelt spawn directly above the head of tide, and
the upstream extent of the freshwater spawning area is typically either a natu-
ral barrier or road crossing. Thus, a rise in sea level that extends the tidal limit
to these barriers may greatly reduce the number of spawning sites or the area
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Expanded research to
understand reasons for
systemic health issues
and reduced survival is
needed to effectively
guide management
actions.

within sites that is suitable for spawning. Conversely, a rise in sea level could
increase habitat by raising tidewater above natural barriers allowing access to
new reaches. Future research should model the potential effects for various sea
level rise projections.

Expanded research to understand reasons for systemic health issues and
reduced survival is needed to effectively guide management actions. While it is
helpful to understand overall relationships such as watershed composition and
smelt population responses, it is only a starting point. For example, research
into dose responses to specific water quality constituents at all life stages would
enable managers to develop smelt specific water quality criteria. These criteria
may then be used to guide water treatment goals around which non-point or
point source controls can be designed. This would be especially important in
those already developed watersheds that are impractical to restore to forest.
Controlled studies in both laboratory and field settings are critical to improve
our understanding of cause and effect, not just correlations, and to develop
measureable relationships. Lastly, post-restoration monitoring is necessary to
evaluate the success of any prescribed restoration technique.

Recommendation 5: Implement stocking of marked larvae, with
continued monitoring and genetic considerations

Rainbow smelt are currently extirpated or have severely declined in many
coastal rivers and streams that once supported robust spawning populations.
Historical fishing pressure at the spawning grounds and degraded habitat and
water quality may be causal factors. When improvements are made to water
quality and habitat in these streams, restoration practices, such as stocking, may
be appropriate to re-establish rainbow smelt runs at these sites.

Successful stocking efforts must include marking and subsequent recapture
of hatchery stocked smelt to quantify effectiveness of restoration efforts. Utiliz-
ing recent advances in smelt culture techniques, Ayer et al. (2012) developed
methods for marking otoliths in larval rainbow smelt with oxytetracycline
(OTC) for monitoring returns. Using these methods, the Massachusetts Divi-
sion of Marine Fisheries began a pilot program to stock OTC-marked smelt
larvae in the Crane River, MA, after water quality suitability was confirmed and
passage improvements were made to upstream spawning habitat (Chase et al
2008). Over 10 million marked smelt larvae have been stocked into the Crane
River since 2007, and spawning adult smelt with OTC-marked otoliths have
been recaptured, providing a positive response for the project to continue stock-
ing and monitoring.

New restoration sites for rainbow smelt are being examined in both Mas-
sachusetts and Maine. In many situations, the protection and enhancement
of existing habitat and water quality at both donor smelt runs and potential
stocking sites will be preferential to initiating a stocking effort. Before any
stocking begins, these sites will be sampled for baseline population data, and a
site suitability assessment will be conducted, which will include water quality
monitoring, streambed characterization, and flow measurements. Further, the
genetic information presented in this plan (section 1.1 — Basic Biology) must be
used in determining the appropriate parent stock. Managing at too fine a scale
can lead to reduced allelic diversity and ignores the natural occurrence of gene
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flow, while managing at too large a scale can reduce genetic diversity and ignore
local adaptations. Another important consideration is the status of donor popu-
lations to support stocking efforts. Careful planning should be made to remove
a minimal proportion of a donor smelt run’s productivity for stocking. Finally,
long-term post-stocking monitoring should be performed to demonstrate
stocking success.

3.2 - STATE MANAGEMENT RECOMMENDATIONS

Massachusetts

Massachusetts has a long history of implementing management measures
to ensure sustainable smelt fisheries. Concern over the capability of net fisher-
ies during smelt spawning runs to negatively impact the long-term viability of
smelt runs was documented in the 1860s (Kendall 1926). In 1874, the Massa-
chusetts state legislature banned harvest using nets during the spawning period
and limited harvest to hook and line for most coastal rivers in Massachusetts.
By the start of the 20th century, nearly all smelt runs had this protection, and
local smelt fisheries continued mainly as sportfisheries with little change until
recent decades.

The only location in Massachusetts that presently allows net fishing for
smelt during the spawning run is the Weweantic River in Wareham. This fish-
ery is conducted under authority of M.G.L 67 of 1931 that gives the Town of
Wareham the responsibility to manage a smelt fishery from March 1 to March
31. This recreational fishery continues today with a 36 smelt/day bag limit for
each permitted fisherman and limits the net size to 5 square feet. This location
was monitored as a smelt fyke net station during the present study. The smelt
catch at the Weweantic River station had low CPUE for Massachusetts rivers
and a size composition dominated by the age-1 mode. MA DMF intends to
initiate cooperative efforts with the Town of Wareham to ensure this unique
southern smelt run can be sustained.

Following the net bans of the 19th and early 20th centuries, no smelt laws
or regulations were made in Massachusetts until 1941 when three provisions
were added to M.G.L. Chapter 130 that focused specifically on smelt fisher-
ies. Section 34 of Chapter 130 standardized the spawning run ban for harvest
during March 15 to June 16. Section 35 standardized the method of harvest to
hook and line only in Massachusetts. Section 36 gave the Division of Ma-
rine Fisheries authority to close smelt spawning river beds to entry during the
spawning season. Following these three laws, no changes to smelt regulations
were made until 2009 when a daily bag limit of 50 smelt per angler was adopt-
ed. Unlike Maine and New Hampshire that drafted smelt management plans
in the 1970s and 1980s, no such plan has been prepared in Massachusetts.

Declining recreational smelt catches in the 1980s prompted a review of the
status of smelt fisheries and spawning runs by the MA DME. A survey of all
coastal drainages on the Gulf of Maine coast of Massachusetts was conducted
from 1988-1995, during which 45 smelt spawning locations were documented
and mapped in 30 coastal rivers (Chase 2006). The report for this survey in-
cluded specific habitat and water quality recommendations for each smelt run.
Following the survey, effort was directed toward acquiring smelt population
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data. A grant was received from NOAA’s Office of Protected Resources to de-

velop fyke net indices at six smelt runs during 2004-2005 (Chase et al. 2000).
This approach and the six fyke net stations were adopted for the present study.
These contemporary efforts, when compared to the historical records and fish-
ery accounts from the 1960s and 1970s, present evidence of a sharp decline in
Massachusetts smelt populations in the past 2-3 decades. Locations that once
supported popular winter ice fisheries for smelt no longer have fisheries, and

some known spawning runs have had no recent evidence of spawning activity.

Smelt Stocking Efforts

The transfer of smelt eggs from larger donor smelt runs to smaller runs or
rivers with no smelt spawning was a common practice late in the 19th century
in Massachusetts, followed by a large dedicated effort during 1910 to 1920
(Kendall 1926). The ease with which smelt eggs could be collected and the
appearance of large numbers of excess eggs in some settings contributed to the
zeal behind decades of stocking. Unfortunately, documentation of responses
to stocking is essentially absent, other than brief narratives in annual agency re-
ports. Short-term increases in smelt spawning run size appear to have occurred
in some systems, especially for coastal to inland lake transfers. However, no
evidence can be found of long-term benefits of coastal to coastal river transfers.
Smelt egg transfers continued periodically through the 1980s with strong sport-
fishing constituency support. Recent requests to stock smelt eggs led to a MA
DMEF evaluation that attempted to quantify the number of eggs transferred,
egg survival and returning adult smelt (Chase et al. 2008). Returning spawning
adults were documented in a pilot river with no smelt run during the first year
of possible returns, but low egg survival and expected low recruitment conclud-
ed with MA DMF discouraging the use of smelt egg transfers and prioritizing
passage, water quality, and habitat quality improvements over stocking as meth-
ods for restoring smelt populations. MA DMF presently does not support the
use of egg transfers but is conducting a pilot study on the stocking of oxytetra-
cycline marked larvae as a potential substitute for egg stocking in specific cases
where population enhancement can be coupled with habitat improvements and
monitoring.

Habitat Restoration

The survey of smelt spawning habitat provided recommendations for
specific habitat improvement projects (Chase 2006), four of which have since
been conducted. Each of these projects has focused on improving spawning
substrate. Two of these projects were able to take advantage of planned culvert
replacements to add substrate improvements as part of the scope of work, while
the other projects specifically targeted grant and mitigation funds to augment
spawning substrate. The experience gained from these projects will assist future
efforts in the region.

Recommendations

1) Apply the information gained from the present study and recent smelt
habitat improvement projects to identify potential restoration sites and design
smelt spawning habitat improvements that meet the life history requirements
of smelt. Projects that can remove barriers and extend habitat connectivity for
smelt and other diadromous fish should be prioritized
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2) Continue monitoring smelt fyke net stations from the present study
that have been identified as having promise to support long-term indices of
abundance (i.e., Weweantic River, Jones River, Fore River and Parker River).
Improve and maintain data collection at fyke net stations to support future
development of biological population benchmarks

3) Develop water quality criteria that relate to designated uses within the
Massachusetts Wetlands Protection Act in order to protect the specific habitats
of anadromous fish, including smelt spawning habitat

4) Conduct a smelt habitat survey of the Buzzards Bay region of
Massachusetts that was not mapped during the previous Gulf of Maine survey
in Massachusetts

5) Develop a state smelt conservation plan similar those completed for

Maine (1976) and New Hampshire (1981)

New Hampshire

The recreational smelt fishery in New Hampshire has been monitored and
regulated for decades, and current fishing pressure is not believed to pose a ma-
jor threat to the smelt population in the state. Ensuring that fishing pressure is
compatible with a sustainable smelt population requires continuing monitoring
efforts that are already underway, including creel surveys, spring spawning run
surveys, and biological sampling during the ice fishery and young-of-the-year
seine surveys. Current monitoring of the fishery does not capture recreational
fishing for smelt that occurs in the fall prior to the onset of ice. There is also
a limited hook and line commercial fishery for smelt in New Hampshire with
local markets that is not well recorded. Developing surveys that obtain data
from these portions of the fishery would be helpful for appropriately charac-
terizing fishing related mortality. Currently, the daily limit for recreational
smelt fishing is 10 liquid quarts, which is approximately equivalent to half of a
5 gallon bucket. Given that smelt is a species of concern, this limit would be
re-evaluated if in the future fishing pressure is believed to pose a major threat
to the population. Neighboring states of Maine and Massachusetts, which have
larger smelt runs, have a daily limit of 2 quarts and 50 fish, respectively.

Population monitoring

The most current statewide fisheries management plan for rainbow smelt
was written in 1981, but it predominately focuses on lake smelt populations.
The objectives for smelt management were to maintain or increase the popula-
tion of smelt and to provide for commercial and recreational fisheries. Man-
agement measures implemented following development of the plan included
closure of the fishery to net or weir fishermen from March 1 to December 15,
a 10 quart daily possession limit, and implementation of a smelt egg transfer
program that occurred intermittently until 1991.

To evaluate the effectiveness of the management measures and detect
trends in smelt abundance, an annual creel survey of the recreational ice fishery
was implemented, and a smelt egg deposition index was developed. Data have
been collected for the smelt egg index from 1979-2006. The intent of the
index was to provide a fisheries independent relative measurement of spawning
stock abundance. Validation of the index was attempted in 1993 by regressing
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it with catch per unit effort of the winter fishery, but results showed very poor
correlation between the two. The Department also compared data from the
creel survey with the abundance of young of the year (YOY) rainbow smelt col-
lected via a seine survey that was initiated in 1997. This comparison resulted in
a much stronger correlation with age-2 smelt CPUE from the creel survey. The
Department discontinued egg deposition surveys in 20006 as a result of poor
data correlation with other surveys, but will continue to monitor rainbow smelt
through juvenile abundance surveys, creel surveys, as well as spawning surveys
at the fyke net index stations that were implemented for this project.

Habitat Restoration

Improving water quality in the Great Bay Estuary is expected to benefit
smelt using New Hampshire waters. An increase in the concentration of dis-
solved nutrients and substantial increases in nutrient loading have been de-
tected in the estuary in recent years. These observations prompted the New
Hampshire Department of Environmental Services (NH DES) and the U. S.
Environmental Protection Agency to develop nutrient criteria for the estuary.
Applying these criteria will result in water quality being classified as impaired in
the entire estuary, including all of its tributaries. These noted nutrient increases
have the potential to spur periphyton growth, which may reduce the viability
and hatching of smelt eggs, as discussed in section 2.2 — Threats to Embryonic
Survival and Development. The current nutrient criteria assessment is motivat-
ing local action to reduce nutrient loading, which should result in improved
water quality and reduced periphyton during the smelt spawning season.

Habitat assessment and restoration are key conservation strategies that
will be pursued in New Hampshire to enhance spawning conditions for smelt.
While main stem spawning habitats are well known in the major tributaries to
Great Bay, a comprehensive assessment of other potential spawning locations
in smaller tributaries would be beneficial. Habitat improvement projects that
would benefit smelt include mitigating siltation and removing head-of-tide
dams to increase the amount of freshwater area available for spawning. Cur-
rently most spawning in New Hampshire occurs in intertidal areas. Intertidal
bars have developed in some tributaries following recent flood events; smelt
eggs are deposited on these rocky bars and are then exposed to air at low tide.
Grading of these bars to minimize their intertidal exposure would reduce egg
mortality.

In addition, head-of-tide dams currently block smelt migration on most of
the major tributary rivers to Great Bay. One of these obstructions has recently
been removed; the dam in place for 55 years on the Winnicut River in Green-
land, NH, was recently demolished, restoring spawning habitat for smelt.
Following the dam’s construction in 1957, there was a steady decline of a once
well-known large smelt run. Other head-of-tide dams in the Great Bay Estuary
are under consideration for removal. The potential benefits to smelt will be a
key factor in deliberations about the future options for these dams.

Finally, siltation in some rivers has reduced smelt spawning habitat. Dam
removal should increase stream flows and help remove accumulated sediments,
and actions to reduce nutrient inputs will also reduce sediment inputs to the
Great Bay Estuary and its tributaries. These actions should improve smelt
spawning habitat conditions in the tributaries.
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Recommendations:

1) Continue monitoring efforts in place including: winter creel survey,
juvenile abundance seine survey, spring spawning run fyke net sampling

2) Improve water quality and support NH DES in developing nutrient
criteria for Great Bay Estuary

3) Identify habitat restoration projects to enhance smelt spawning conditions.

4) Continue to support dam removal projects to connect smelt to historical
spawning habitats

5) Conduct a smelt spawning habitat assessment of coastal areas in New

Hampshire.

Maine

Through this project, we have found that while rainbow smelt populations
are contracting rapidly in range, there are still strong populations in Maine.
However, our surveys have also shown that smelt populations in the state are
not as strong as previous Department studies have found. Comparing the num-
ber and strength of spawning runs currently to that of the late 1970’s, we have
found that many runs have declined, while others are extirpated (see section
1.3 — Population Status). Data collected during our fyke net survey and creel
surveys has also shown that length at age has declined compared to historical
records in upper Casco Bay and Kennebec River populations. Because smelt
continue to support an economically important and sizable recreational fishery
in Maine, as well as a locally economically important commercial fishery in
Washington County, it is imperative to pursue management measures that will
sustain and restore this species.

Continue monitoring smelt populations at multiple life stages

The state surveys that are currently in place target four important life
history stages for rainbow smelt. The annual fyke net survey, which began in
2008, monitors the adult spawning runs at six index sites spanning the Maine
coast. From this survey, we collect information about the inter-annual variabil-
ity of the spawning stock, the strength of age classes, and mortality rates. The
genetic information combined with movement and habitat studies show that
while adult smelt may not home to the same stream each year, they do show
fidelity to larger bay and estuary areas. Thus, by monitoring adult smelt during
the spawning season, we can observe changes in a specific stock over time. The
other surveys do not have this ability. While the inshore trawl survey can track
relative population abundance over time, it likely catches mixed genetic stocks

and annual CPUEs may be skewed by stock variability.

The creel survey that targeted the Kennebec River and Merrymeeting
Bay beginning in 2009 was expanded with the help of the Downeast Salmon
Federation in 2010 to survey anglers on the Pleasant and Narraguagus rivers.
Flagg (1984) estimated an extraction rate of less than 5% on the Kennebec
River in the late 1970s. However, the population during that time period was
likely larger than at present (see section 1.3 — Population Status in the Gulf of
Maine); the fishery may have a more significant effect when population levels
are low. Given the cultural and economic value of these fisheries, the creel
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current fishing practices.

survey should be expanded to target aggregations of fishing camps in other
locations (e.g., Great Salt Bay on the Damariscotta River), and efforts should be
made to repeat the mark-recapture survey performed by Flagg (1984) to deter-
mine a current extraction rate.

The juvenile abundance survey is extremely important in understanding
the reproductive success and early life stage survival in the Kennebec River and
Merrymeeting Bay. Because we also monitor adult populations in this river
system through creel surveys, it may be possible to compare data from the
two surveys to quantitatively link adult winter catches to late summer juvenile
abundance as NHF&G has been able to do. Additionally, by further under-
standing how juvenile abundance varies between river segments, we may be able
to identify important juvenile habitat.

Improving connectivity and access to spawning groumls

In many locations where smelt runs have historically declined or disap-
peared on the Maine coast, the decline is due to the inability of smelt to reach
the spawning grounds. Road crossings on small coastal streams are often
provided by undersized or hanging culverts or by small historic water control
dams that no longer have purpose. Undersized culverts present problems when
velocities increase during rain events because the water is constricted to a width
smaller than the natural streambed. Because smelt are not strong swimmers,
high water velocities can impede their ability to swim through the culvert,
and thus to reach their spawning grounds. Hanging culverts (those where the
downstream water level is lower than the culvert height) and dams that are
downstream of the spawning grounds completely block access. Unlike other
anadromous fishes (e.g., alewife and salmon) that can ascend fish ladders or
jump vertical obstructions, smelt are unable to pass vertical obstructions over
six inches.

State agencies in Maine, including ME DMR, are currently working to
catalogue such obstructions and prioritize which should be removed or rede-
signed to allow for anadromous fish passage. As part of this effort, a web-based
tool will be publicly available so that municipalities and land trust organizations
can identify road crossings in their area where improvements could re-establish
smelt habitat access. In many cases, removing these barriers can have immedi-
ate effects in opening smelt spawning passage into a stream when strong runs
exist nearby. If this is not the case, stock enhancement may be considered in
the absence of other habitat degradation. The ME DMR will continue to work
with other state agencies, municipalities, and non-governmental organizations
to identify barriers to historical smelt habitat and restore access.

Assessing causes for local decline

Some smelt populations in Maine have declined or become extirpated,
while others remain strong. In some cases, local declines can be attributed to
historical overfishing; however, habitat degradation, access problems, and cur-
rent fishing practices may also be impacting smelt populations in the state.

Effective stormwater management techniques can reduce the impact of de-
velopment on water quality in urbanized watersheds in the state. As an exam-
ple, the Maine Department of Environmental Protection has worked with the
South Portland Water District and businesses within the Long Creek watershed
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to build stormwater retention areas that reduce the amount of nutrients and
contaminants flowing directly into the stream. While the stream quality still
shows the effects of development, impairment is reduced and the stream is able
to support a limited smelt spawning run. Because this regional smelt project
has found that development within a watershed can impact water quality to

the point where smelt embryonic health and survival are impaired, watershed
management efforts that reduce runoff into receiving streams are recommended
in urbanized or developing watersheds.

Current fishing regulations regarding anadromous rainbow smelt limit take
by season and location. Recreational fishing is allowed July 1 through March
14; there is no catch limit, but the gear is restricted to hook and line or dip
net. During the spawning season (March 15 through June 30), take is limited
to two quarts per person per day, and it is predominantly a dip net fishery.
While the state Marine Patrol does actively enforce this regulation regarding
gear and catch limitations, the number of violations that go without reprimand
is unknown. Further, it is currently unknown what impact the recreational
fishery may have on smelt populations. With the creel survey of the ice fishery
beginning again in 2009, the ME DMR now has the opportunity to assess the
extraction rate of the winter fishery and determine if a limit on take is neces-
sary. However, at this point there is no survey of the spring dip net fishery; the
effect of fishing mortality during the spawning season and the subsequent loss
of possible embryos is unknown. Future work should include an effort to quan-
tify fishing mortality due to both the recreational winter and spring fishery. In
locations where there is evidence of stressed smelt runs, management action
should be considered to limit mortality during spawning runs.

Commercial fishing for smelt is allowed in only six tidal rivers in the state,
all in Washington County: the East Machias, Pleasant, and Narraguagus rivers
from January 1 through April 10, without any limit on quantity; and the Indi-
an, Harrington, and Chandler rivers with no limit on quantity or time period.
Anyone fishing commercially for smelt must possess a Pelagic License from the
ME DMR. With possession of this license, the fisherman is required to submit
landings data to the ME DMR. The ME DMR is working with Downeast
Salmon Federation to survey the biological composition of the catches to
determine if the fishery may be impacting life history or age structure. This
collaboration is necessary to monitor the fishery, and should continue in the fu-
ture. If over time there is evidence of smelt population decline in this region or
evidence that the commercial fishery may be contributing to a high mortality,
management actions should address the fishing effort possibly by limiting take
or further gear restrictions.

Marked larval stocking at monitored sites

As part of this project, the ME DMR revisited historical spawning runs
to document their current status and found that many sites no longer support
spawning or support only limited runs (see section 1.3 — Population Status
in the Gulf of Maine). When the decline at these sites can be attributed to
historical fishing pressure that no longer exists or to habitat degradation or pas-
sage constraints that have been addressed, larval stocking may be an option to
reintroduce smelt.

Adapting methods by Ayer et al. (2012), the ME DMR began a project
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to restore rainbow smelt populations to North Haven, Maine, an island in the
center of Penobscot Bay that supported robust smelt populations up until the
1950s. After visits by ME DMR to identify the most appropriate stream for the
project, the North Haven Community School completed pre-monitoring and
found no water quality impairments that would affect smelt embryo survival.
In spring 2012, the ME DMR and school worked together to mark larvae with
oxytetracycline (OTC) for release at the stream. The school and ME DMR will
continue to monitor adult returns in subsequent years to determine the suc-
cess of the project. Following this model, the ME DMR hopes to continue to
re-establish smelt populations at sites where restoration projects have improved
habitat quality or connectivity. However, habitat restoration must always pre-
cede any stocking efforts.

Recommendations

With continued population monitoring and threat assessment in collabora-
tion with fisheries managers, university scientists, recreational and commercial
fishermen, and interested citizens, the rainbow smelt populations in Maine
could be maintained or possibly expanded. To this end, the ME DMR has
begun to implement restoration efforts, including a stocking project in North
Haven and assessment of culvert replacements that would provide access to
historical habitat. Future work in the state of Maine to protect this species of
concern should include:

1) Continuing monitoring of smelt populations through fyke net sampling,
creel surveys, the inshore trawl survey, and the juvenile abundance survey

2) Developing a mark-recapture study to estimate the current extraction rate
of recreational ice fishing on the Kennebec River and Merrymeeting Bay
and other rivers and embayments that support recreational ice fishing

3) Restoring stream connectivity and access to historical spawning grounds
with monitoring to assess pre- and post-construction conditions and smelt
populations

4) Assessing threats to smelt habitat and evaluating connections between
degraded habitat and local smelt population decline

5) Stocking rainbow smelt larvae marked with oxytetracycline into
historical smelt spawning streams that maintain good habitat, while
maintaining the genetic structure as identified by this project and annually
monitoring stocking success.
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Figure A.1.2. Catch-per-unit-effort
(number of smelt per haul) at
New Hampshire fyke net stations,
2008-2011.
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Figure A.1.4. Length frequency
of rainbow smelt caught in the
Weweantic River, MA, fyke net,
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Figure A.1.6 Length frequency of
rainbow smelt caught in the Fore
River, MA, fyke net, 2008-2011.
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Figure A.1.10. Length frequency
of rainbow smelt caught at Mast
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Figure A.1.11. Length frequency
of rainbow smelt caught at Deer
Meadow Brook, ME, fyke net,
2008-2011.
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Figure A.1.13. Length frequency of
rainbow smelt caught at Schoppee
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Figure A.1.14. Length frequency of
rainbow smelt caught at East Bay
Brook, ME, fyke net, 2008-2011.
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Figure A.2.1. Water temperature
data distributions for 19 smelt
sampling stations in study area.
The top of the box plots is the
75th percentile and the bottom
is the 25th percentile. The line
within the box is the median and
the error bars represent the 10th
and 90th percentiles. The stations
are arranged on the x-axis from
the southernmost MA station to
the northernmost ME station.
Station medians were found to
be significantly different with
Kruskal-Wallis test (KW = 93.21,
df =18, p <0.001).

Figure A.2.2. Specific conductiv-
ity data distributions for 18 smelt
sampling stations in study area.
The top of the box plots is the
75th percentile and the bottom

is the 25th percentile. The line
within the box is the median and
the error bars represent the 10th
and 90th percentiles. The stations
are arranged on the x-axis from
the southernmost MA station to
the northernmost ME station.
Station medians were found to
be significantly different with
Kruskal-Wallis test (KW =1374.4,
df=17,p <0.001).
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Figure A.2.3. Dissolved oxygen
(mg/L) data distributions for 19
smelt sampling stations in study
area. The top of the box plots is
the 75th percentile and the bot-
tom is the 25th percentile. The
line within the box is the median
and the error bars represent the
10th and 90th percentiles. The
stations are arranged on the x-axis
from the southernmost MA station
to the northernmost ME station.
Station medians were found to

be significantly different with
Kruskal-Wallis test (KW = 439.51,
df =18, p < 0.001). The green line
marks the MassDEP DO criterion
(6.0 mg/L) for protecting Aquatic
Life.

Figure A.2.4. Dissolved oxygen

(% saturation) data distributions
for 19 smelt sampling stations

in study area. The top of the box
plots is the 75th percentile and
the bottom is the 25th percentile.
The line within the box is the me-
dian and the error bars represent
the 10th and 90th percentiles. The
stations are arranged on the x-axis
from the southernmost MA station
to the northernmost ME station.
Station medians were found to

be significantly different with
Kruskal-Wallis test (KW = 439.51,
df =18, p < 0.001).
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Figure A.2.5. Water pH data
distributions for 19 smelt sam-
pling stations in study area. The
top of the box plots is the 75th
percentile and the bottom is the
25th percentile. The line within
the box is the median and the
error bars represent the 10th and
90th percentiles. The stations are
arranged on the x-axis from the
southernmost MA station to the
northernmost ME station. Station
medians were found to be sig-
nificantly different with Kruskal-
Wallis test (KW = 1041.3, df = 18,
p < 0.001). The green lines mark
the lower MassDEP pH criterion
(26.5 and < 8.3) for protecting
Aquatic Life.

Figure A.2.6. Turbidity (NTU)

data distributions for 19 smelt
sampling stations in study area.
The top of the box plots is the
75th percentile and the bottom

is the 25th percentile. The line
within the box is the median and
the error bars represent the 10th
and 90th percentiles. The stations
are arranged on the x-axis from
the southernmost MA station to
the northernmost ME station.
Station medians were found to

be significantly different with
Kruskal-Wallis test (KW = 660.8,
df =18, p < 0.001). The green line
marks the EPA turbidity criterion
for minimally impacted water
quality (€ 1.7 NTU).
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Figure A.2.7. Total nitrogen (TN)
data distributions for 20 smelt
sampling stations in study area.
The top of the box plots is the 75th
percentile and the bottom is the
25th percentile. The line within
the box is the median and the
error bars represent the 10th and
90th percentiles. The stations are
arranged on the x-axis from the
southernmost MA station to the
northernmost ME station. Station
medians were found to be sig-
nificantly different with Kruskal-
Wallis test (KW = 408.4, df = 19,
p < 0.001). The green line marks
the EPA total nitrogen criterion for
minimally impacted water quality
(£ 0.57 mg/L).

Figure A.2.8. Total phosphorus
(TP) data distributions for 20
smelt sampling stations in study
area. The top of the box plots is
the 75th percentile and the bot-
tom is the 25th percentile. The
line within the box is the median
and the error bars represent the
10th and 90th percentiles. The
stations are arranged on the x-axis
from the southernmost MA station
to the northernmost ME station.
Station medians were found to

be significantly different with
Kruskal-Wallis test (KW = 174.7,
df =19, p <0.001). The green line
marks the EPA total phosphorus
criterion for minimally impacted
water quality (< 23.75 ug/L).
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For a copy of this report online, please visit
www.restorerainbowsmelt.com
and click on the “Learn More” tab

For a printed copy, please contact your state marine agency:

Massachusetts Division of Marine Fisheries
Website: hetp:/fwww.mass.govldfweleldmyf]
Boston Offices: (617) 626-1520
Gloucester Regional Office: (978) 282-0308
New Bedford Regional Office: (508) 990-2860

New Hampshire Fish and Game Department
Website: hetp:/fwww.wildlife.state.nh.us/
Durham Marine Fisheries Division: (603) 868-1095

Maine Department of Marine Resources
Website: http:/fwww.maine.govidmrlindex.htm
Sea Run Fisheries Division: (207) 287-9972
Bureau of Marine Sciences: (207) 633-9500
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Rainbow Smelt
An Imperiled Fish in a Changing World

A century ago, streams in coastal New England teemed
each spring with small silvery fish called rainbow smelt.
By the millions, rainbow smelt swam from the
ocean into rivers and brooks, spawned and [~

then returned to sea. =

In a springtime ritual, adults and children went to their local
streams and caught great quantities of the small fish. Prized as one
of the best-tasting fried fish, smelt were brought home for dinner,
sold locally, and shipped to distant markets. Many animals—seals,
striped bass, codfish, great blue herons, and others—feasted on
rainbow smelt during the springtime bonanza. Although small in
size, this fish played a big role in the ecosystem and economy.

Now rainbow smelt are declining, even in streams that once
hosted abundant runs each spring. The diminishing numbers
have become evident in the Gulf of Maine. Recognizing the plight
of the rainbow smelt, the U.S. government listed it in 2004 as a
federal Species of Concern.

The state governments of Maine, Massachusetts, and New
Hampshire are working together to understand the rainbow
smelt’s status and threats, and to plan a regional conservation
effort for the species. Scientific research by the three-state collab-
orative focuses on the status of the smelt population and the
condition of spawning areas in streams, which may be a key factor
in the rainbow smelt’s decline.

Rainbow smelt
Osmerus mordax

Ice-fishing shacks (above) are evidence of
New England’s long tradition of fishing for
rainbow smelt. Scientists (below) from three
states are studying causes of the smelt's
recent decline, including loss of suitable
stream habitats (bottom) for spawning.

J-oyce Grondin; Mike Timberlake (top) )

Tom Watson

State and local governments, community groups, and individual citizens can take immediate action
to resolve some of the threats and to restore the rainbow smelt as an icon of spring in New England.
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Rainbow Smelt
at a Glance

- Native to coastal waters of —

northeastern United States and
Canadian Maritimes.

- Eats shrimp, marine worms,
amphipods, euphausiids, mysids,
and smaller fish.

- Eaten by porpoises, seals,
salmon, trout, bluefish, striped
bass, Atlantic cod, and birds.

- Slender fish averaging 6 to 8
inches long.

- Can live up to 6 years, but more
typically lives 3 or 4 years.

- Lives in estuaries, harbors, and
offshore waters during summer,
fall, and winter.

- Migrates into rivers and streams
to spawn beginning in late
winter (Massachusetts) to late

spring (eastern Maine). £s
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A New England Tradition

Historically, people in New England valued rainbow smelt as an
easy-to-catch, abundant source of fresh protein after the long winter.
The commercial fishery for rainbow smelt is one of the oldest in
New England, and for many years it was among the most valuable.
More recently, the catch along the Gulf of Maine coast has dwindled,
although parts of eastern Maine still have strong commercial fisher-
ies. Recreational fishing for rainbow smelt continues to be a popular
pastime in Massachusetts, New Hampshire, and Maine.

Fish in Peril

Rainbow smelt were so plentiful a hundred years ago that farmers
caught them by the barrelful and had enough to eat, use as bait, and
even spread on their fields as fertilizer. In many places now, it would
be difficult to fill a single barrel with rainbow smelt. The species has
largely disappeared from the southern part of its geographic range,
and its numbers along the coast of the Gulf of Maine have dropped
dramatically. In general, rainbow smelt are least abundant in Massa-
chusetts and increase slightly toward eastern Maine. Reliable data on
population size are not available, but Maine fishery data show that
rainbow smelt landings have dropped tremendously since the 1800s.
While a decrease in fishing effort may contribute to the drop in land-
ings, the overall trend is clear: rainbow smelt are in trouble.

Katherine Mills

Tom Watson




Many Potential Threats Science for Solutions

A clear explanation for the rainbow smelt’s
decline is not yet known, but the species
faces three broad types of potential threats:

Scientists from the state govern-
ments of Massachusetts, Maine, and
New Hampshire are collaborating
on a study of threats to rainbow
smelt, particularly spawning habitat
alteration. The states are using

the scientific findings to develop a
regional solution.

1. Loss of suitable spawning habitat

2. Unfavorable changes in ocean conditions,
such as water temperature or predation

3. Fishing pressure

What Makes a Good Spawnmg Place'?

Rainbow smelt tend to deposit their eggs in shallow riftles
just upstream from the meeting of salt and fresh water.

Brad Chase

A team of scientists uses a fyke
net to catch rainbow smelt in a
channelized river.

and resting areas
during spawning run:

Some Human Activities Harm Spawning Areas

People have degraded many of the rainbow smelt’s spawning sites in Massachusetts, New Hampshire, and Maine.

Tom Watson

Claire Enterline

Fertilizers and faulty septic
systems encourage growth of
algae on smelt eggs.

Sediment from construction
sites, road maintenance, and
other sources smothers eggs.

Dams and poorly designed
culverts block rainbow smelt
from spawning grounds.

Michael Krigsman

Pavement and other impervi-
ous surfaces promote runoff of
pollutant-laden rainwater.



What Can You Do?

Individual citizens and towns can take important steps to help the rainbow smelt recover.
Local efforts are essential and can make a big difference in the survival of the species.

1. Use less fertilizer on your property.

Water carries fertilizer into streams, where the nutrients
promote growth of algae on smelt eggs.

Steve Mishos

2. Fix dams and culverts blocking smelt from spawning areas.

Many dams and culverts prevent rainbow smelt and other fish
from swimming upstream and downstream. In collaboration
with owners and government agencies, dams can be removed,
culverts reconfigured, and culverts replaced with bridges.

USDA

3. Plant shrubs and trees along stream banks and
refrain from clearing existing vegetation.
Vegetated buffers help to filter out pollutants, sediment,

and excess nutrients before they enter the waterway. Shrubs
and trees also shade streams, keeping the water cool for fish.

USDA

4. Maintain natural stream channels and substrate; restore
those altered with concrete walls or other structures.
Faster-flowing water in altered streams can lead to scouring or

crowding of smelt eggs. Low water velocity and unnatural substrates
can reduce egg attachment and incubation success.

Brad Chase

5. Use less road salt and sand near streams.

When salt and sand are washed into streams,
they can kill smelt eggs.

Michael Rosenstein

6. Clean storm drains annually.

Debris and infrequent maintenance can clog storm drains,
forcing water to flow over ground. The water carries sediment
into streams, which smothers smelt eggs.

Max Wolfe

7. Get to know your smelt runs.

Find out where smelt spawn in your town and insist that
local officials protect these valuable habitats.

Tom Watson

For more information, please visit:
www.nmfs.noaa.gov/pr/species/fish/rainbowsmelt.htm

Editorial Advisory Team: Bradford Chase (MA DMF),

Claire Enterline (ME DMR), Katherine Mills (NH DF&G) Support for this publication was provided by the Maine Department of Marine
. . : . Resources, Massachusetts Division of Marine Fisheries, New Hampshire Depart-
Writing and Design: Waterview Consulting ment of Fish and Game, and National Oceanic and Atmospheric Administration.



In 2004, the National Oceanic and Atmospheric
Administration listed the rainbow smelt as a federal
Species of Concern. The rainbow smelt is a small fish
that lives in estuaries and offshore waters, and spawns in
shallow freshwater streams each spring. Its numbers have
dropped dramatically during the last fifteen to twenty
years for reasons that are not well understood.

The state governments of Maine, Massachusetts, and
New Hampshire are collaborating on a scientific program
to investigate the rainbow smelt’s status and threats, and
to plan a regional conservation effort for the species.
Because loss and degradation of spawning habitat
appears to be a major factor in the population decline,
scientists from state agencies are studying human
impacts on rivers and streams where rainbow smelt
currently spawn or may have in the past. Based on the
scientific findings, the states will develop a conservation
plan to address the impacts and promote recovery of this
imperiled species.

Spawning Locations

Which rivers and streams are used presently by

rainbow smelt for spawning?

State agencies in Maine, Massachusetts, and New Hampshire
have surveyed streams to identify potential spawning sites and
assess which of those are currently used by rainbow smelt. We
combine and map the data to show where rainbow smelt are
currently known to spawn.

Historical Data

How abundant were rainbow smelt in the past, and
where did they spawn?

We are compiling historical datasets on smelt abundance and
spawning locations. We are analyzing the datasets to under-
stand long-term changes in the rainbow smelt population.

Movement

How often do rainbow smelt enter and leave streams

and rivers?

Using small radio tags and an antenna system, we track the
movements of rainbow smelt in estuaries. We are finding that
many of them return to spawning areas each night on the
incoming tides.

MarineFisheries

Commonwealth of Massachusetts

Lead Partners

Maine Department of Marine Resources
Massachusetts Division of Marine Fisheries

New Hampshire Department of Fish and Game

National Oceanic and Atmospheric Administration

The rainbow smelt (above) is a small fish that lives in coastal waters of New
England and migrates into rivers and streams during the spring to spawn.
Scientists are conducting research (below) to understand why the rainbow
smelt has declined in abundance over the last 15 to 20 years.

Claire Enterline

State and local governments, community groups, and individual citizens can take immediate action
to resolve some of the threats and to restore the rainbow smelt as an icon of spring in New England.



2 East Bay Brook

Chandler River

Long-term Index Stations
What are the environmental conditions at spawning sites? What are the demographic, genetic,
and disease characteristics of rainbow smelt at these sites?
At 15 rivers and streams (see map at left) known to support spawning by rainbow smelt, we monitor:

o water temperature, dissolved oxygen, nutrients, pH, salinity, and turbidity,

o algae (periphyton) that could smother smelt eggs,

o heavy metals that could lead to egg mortality and impair development of young smelt, and

 abundance and diversity of mussels, insect larvae, and other macroinvertebrates as an indicator

of stream health.

At these Long-Term Index Stations, we use large fyke nets to catch rainbow smelt during the spawning
season. We count, measure, and identify the sex of the fish; take samples of their scales, which we later
use to determine age; and collect samples of their fins for genetic analysis. The size and age data will be

Winnicut River
Squamscott River

‘Parker River

lg. Crane River
North River
Saugus River

Fore River

Weweantic River

Predictive GIS Model

Based on scientific analysis, where could we expect to find
suitable spawning habitat for rainbow smelt?

We are analyzing characteristics of coastal watersheds of the
Gulf of Maine, such as their proportion of forested land, human
population density, and percentage of area covered by pave-
ment and other impervious surfaces. Based on this analysis,

we are determining thresholds for urban and agricultural land
use, impervious surface, and population density for watersheds
that can support rainbow smelt spawning habitat. With this
information, we are building a mapping tool to identify other
streams that are potentially suitable as spawning habitat for

Fishing Pressure

How many rainbow smelt
are caught by fishermen?
Each year, state agencies
in New Hampshire and
Maine conduct surveys of
the recreational fishery,
collecting information
from anglers about the
amount of time they spent
fishing for rainbow smelt
and how many fish they
caught. We analyze the

used to develop indices of population abundance. The University of Maine Animal Health Laboratory
screens the fish for diseases caused by bacteria, viruses, and parasites.

T WINTER SMELT SURVEY T

Maine Department of Marine Resources

ONE CARD PER CAMP

Thasks for participating « the Maine Department of Marine Resources Winter Smelt Survey!
We are collecting information about rainbow smelt in order 10 assess the locations of winter
populaions in tidal fivers and to understand more adout annual populalion trends. Please record
the date you are fishing. the time you begin and end, the number of smelt you cateh. and the.
number you keep and refezse.

Name of Camp"® [_‘;’A,_D‘ S Smelt Camps G000
Date Start Time. Am gD
t/22./2010 3

End Time: 2. Grem

Total number of smeit caught: /fr

Number of smeitkept / §7 S~ Number of smelt released /@/

Comments/Other species caught

//—;MC odf

data to understand trends in total catch and catch
per unit effort (CPUE) for rainbow smelt.

rainbow smelt.

Conservation and Restoration Plan

Using scientific information from our collaborative efforts,
the state agencies of Massachusetts, New Hampshire, and
Maine are developing a regional conservation and restoration
plan for rainbow smelt. Each state is determining the most
important threats from water quality, fishing pressure, or habi-
tat alteration facing smelt populations in their area. We are also
identifying regional threats, potentially including rising ocean
temperature and marine bycatch, and site-specific threats and
management recommendations, such as redesigning stream
culverts to allow fish passage

When completed, the conservation and restoration plan
will present a comprehensive, regional strategy to address the
threats and to restore populations of rainbow smelt in the Gulf
of Maine. The plan will identify habitat restoration projects and
management actions to be pursued as immediate priorities, and
it will propose future projects and collaborations.

Brad Chase

Restoration of spawning habitat in a New England stream.

The regional conservation plan for rainbow smelt may

include some or all of the following strategies:

o Replacement of culverts that block fish passage

o Dam removal

o Stock enhancement

o Remediation of stormwater pollution by using pervious
pavement, redesigned sewage treatment systems, and
other approaches
Reduction of nutrient inputs to streams
Mitigation of siltation
o Restoration of spawning habitat, including stream channels,
substrates, and stream flow
Reduction of mortality in fisheries

USDA




Commeonwealth of MWassaclkuserss

Division of Marine Fisheries
251 Causeway Street, Suite 400
Boston, Massachusetts 02114
Paul J. Diedati (617) 626-1520 iz

Dirctor fax (617) 626-1509 Deval Patrick

Governor

NOTICE OF PUBLIC HEARINGS

SCHEDULED FOR AUGUST 24™, 25%, & 26th, 2009 Tan A. Bowles

Secretary

Under the provisions of M.G.L. Ch 30A and pursuant to the authority found in M.G.L. Ch. 130 ss. Mary B. Griffin
17A & 80 Division of Marine Fisheries (DMF) and the Marine Fisheries Advisory Commission Commissioner
(MFC) have scheduled a hearing to accept comments on DMF proposals (322 CMR 4.00, 6.00 &
7.00) to:
1. Reduce fishing mortality in the commercial and recreational winter flounder fisheries by implementing:
in the Guif of Maine:
2. a250-lb. daily possession limit for commercially permitted fishermen fishing or seen fishing in state
waters; and
b. either a 4-month recreational closure from September — December or a three fish recreational daily
possession limit with no closed season.
in Southern Coastal Waters:
¢.  a50-lb. daily possession limit for commercially permitted fishermen fishing or seen fishing in state
waters; and
d.  atwo fish recreational daily possession limit.
2. Enact gear and permit modifications for the commercial lobster fishery by:
a.  increasing the lobster trawl maximum length from 2,000-feet to 2,500-feet;
b. expanding trawl marking exemption area in Boston Harbor and its approaches as well as enacting new
trawl marking exemption area in southwestern Cape Cod Bay; and
¢, exempiing commercial lobster permit holders who also hold a retail boat permit from having to hold a
Wholesale Truck Permit for purposes of transporting only live lobsters and live crabs for sale.
3. Prohibit the commercial harvest of rainbow smelt and implement a recreational daily possession limit as
low as 25-fish.
4. Implement coastal shark regulations in compliance with the Interstate Fishery Management Plan for
Atlantic Coastal Sharks, including:
a. establishing recreational and commercial minimum size limits, possession limits, and gear restrictions;
b. prohibiting possession of some species, filleting of sharks at sea, and finning of sharks; and
c. establishing additional standards for disposition of commercial and recreational catch.
5, Imerease the minimum size (from 4 1/8” to 57) and decrease the daily possession limit (from 50 to 25) for
recreational and commercial harvest of blue crabs.
6. Clarify that the prohibition on use of gillnets south and west of Cape Cod during April 1 through
November 15 does not apply to persons:
a. using surface gillnets less than 250-square feet to take bait for personal use in the Inshore Restricted
Waters; or
b. permitted to fish surface gillnets in accordance with 322 CMR 4.14 and fishing in the Inshore Restricted
Waters as defined in 322 CMR 4.02.

Public hearings have been scheduled for 4PM on August 24" at the Tisbury Senior Center (34 Pine Tree Rd.,
Vineyard Haven); 6PM on August 25™ at the Kingston Town Hal (26 Evergreen St., Kingston) &
6PM on August 26" at the Annisquam River Marine Fisheries Station (30 Emerson Ave., Gloucester).

Boston, MA 02114) will be accepted until 5SPM on Friday, August 28, 2009. Copies of proposed regulations may be
obtained by contacting Melanie Griffin by email (Melanie. Griffin@state.ma.us), phone (617.626.1528), or at the above
fax and mailing address.
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DEPARTMENT OF MARINE RESOURCES

Chapter 40 - Smelt Regulations

40.12 Taking of smelts from the coastal waters of Maine

A. Restrictions

1.

It shall be unlawful to fish for or take smelts from the coastal waters by any means other than
a dip net or by hook and line as defined by 12 M.R.S. 86001(20).

During the period March 15 to June 30, both days inclusive, it shall be illegal to take more
than 2 quarts per day of smelts from the coastal waters of the State. Possession of over 2
quarts per day of smelts during this period on any coastal river, brook, or stream shall be
prima facie evidence that the smelts were taken in violation of this regulation.

It shall be unlawful to stand in the water of any coastal river, brook, or stream while fishing for
smelts.

B. Exceptions

1.

Any wholesale seafood or retail seafood dealer licensed pursuant to 12 M.R.S. 86851 or
86852; bait dealer licensed pursuant to 12 M.R.S. 87172; or grocery, restaurant or fish store
may possess more than 2 quarts per day in his/her place of business.

Taking of smelts in Washington County

(a) January 1 through April 1, both days inclusive, without any limit on quantity, the use of gill
nets and bag nets in addition to dip net or hook and line are allowed in the following tidal
waters:

East Machias River in the Town of East Machias following the town line;

Pleasant River in the Towns of Columbia Falls, Addison, and Harrington within 44°
31.18'N, 67°47.60' W (end of Ripley Neck) to 44° 29.92'N, 67° 44.64'W (end of Cape
Split)

Narraguagus River in the Towns of Milbridge and Cherryfield within 44° 31.23'N, 67°
51.63'W (Long Point) to 44° 31.61'N, 67° 51.46'W (Fickett Point).

(b) January 1 through April 10, both days inclusive, without any limit on quantity, the use of
gill nets and bag nets in addition to dip net or hook and line are allowed in the following
tidal waters: Town of Steuben;

Indian River in the towns of Addison, Jonesport, and Jonesboro within 44° 29.87'N, 67°
42.74'W (the end point of Moose Neck), and 44° 31.60'N, 67° 38.34'W (end of Hopkins
Point);

Harrington River and Mill River in the towns of Harrington and Milbridge within 44°
32.51'N, 67° 49.09'W (end of Ray Point) and 44° 32.67'N, 67° 48.23'W (end of Town
Landing Road);

Chandler River in the town of Jonesboro within 44° 37.85'N, 67° 32.61'W (end of Look
Point) and 44° 38.40'N, 67° 32.62'W (end of Deep Hole Point).

Outside these dates and coordinates the restrictions in Chapter 40.12(A) apply.
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DEPARTMENT OF MARINE RESOURCES
CHAPTER 40 - SMELT

INDEX

EFFECTIVE DATE:
May 2, 1982 - Section 9(B)
May 10, 1982 - Chapter 40 with reprints of Private and Special Laws filed - Sections 1-13

AMENDED:
April 3, 1988 - Section 9 & 12
April 3, 1988 - Section 8 & 12
March 27, 1989 - Section 11
December 21, 2009 — Sections 1-13
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Workshop Summary

The 4™ North American Workshop on
Rainbow Smelt was held in Portland, Maine on
January 24-25, 2011. This symposium was
hosted by the Maine Department of Marine
Resources, Massachusetts Division of Marine
Fisheries, and the New Hampshire Department
of Fish and Game, with major funding provided
by a grant through the National Marine Fisheries
Service Office of Protected Resources.

Building off of the success of past rainbow
smelt workshops, this meeting provided a forum
for attendees from universities, government
agencies, and conservation organizations to
exchange information about current research and
management efforts directed towards both inland
and anadromous rainbow smelt. This
information was conveyed through more than 28
presentations that focused on the population
status, biological distinctions, ecological
interactions, and restoration approaches for
rainbow smelt.

Abstracts from each of these presentations
are compiled in this technical report, and we
provide a brief summary of the work presented
by theme below. The abstracts were reviewed
and edited by the technical report authors and by
the MarineFisheries Technical Report series
editors.

Anadromous Spawning Strategies and
Population Assessments

Understanding spawning strategies and
population structure is necessary to effectively
manage a species. Lecomte (p. 26) explored
spawning strategies of the Osmeridae family,
focusing on anadromous rainbow smelt, using a
synopsis of scientific literature and a case study
of smelt life history in the St. Lawrence estuary
in Quebec. Two sympatric smelt populations co-
exist within the St. Lawrence Middle Estuary;
one  population uses the  commonly

acknowledged streambed spawning grounds and
another uses shoal habitats.  Legault and
Lecomte (p. 36) quantified the use of the
shallow shoals for spawning, a strategy
previously not described. Their work aimed to
determine the scale of shoal spawning and to
genetically identify the origin of the eggs. They
found that alternative spawning strategies may
be more important than previously thought, and
that they may be used in concert with streambed
spawning strategies.  Further examining the
population composition in the St. Lawrence
River, Fortin et al. (p.76) used otolith
microchemistry to distinguish the origin of
larval smelt in the mainstem river, examining
the contribution of each known tributary river
spawning location to the overall population.

As anadromous rainbow smelt populations
appear to have been extirpated in the southern
portion of their range and to have declined in
many extant spawning rivers, documenting their
population status and life history information is
critical for developing effective management
and conservation  efforts. Multi-party
collaborative research efforts require
standardized  methods to  ensure the
comparability of data collected by different
parties.  Enterline et al. (p. 79) described
standardized ageing methods that have been
developed and applied by Maine, New
Hampshire, and Massachusetts to characterize
spawning runs of anadromous rainbow smelt.
These region-wide efforts have been supported
by the use of digital imaging technology that
makes it possible to share reference collections,
train staff, and compare results across different
labs. Chase et al. (p. 12) discussed the
population ~ monitoring  program  being
implemented by this same three-state
collaborative.  Spanning 15 rainbow smelt
spawning runs in the Gulf of Maine region, this
survey indicates latitudinal influences on run



timing and duration. A comparison to historical
studies indicates that the age structure and
survival rate of smelt spawning populations have
changed over time, shifting towards a younger
age distribution and lower survival rates. In an
effort to characterize spawning season
movements and improve smelt population data,
Enterline et al. (p. 23) report on Passive
Integrated Transponder (PIT) tagging at a Maine
spawning run. Preliminary results indicate that
males return to the spawning grounds at a
significantly higher rate than females. This
finding will enable managers to tune annual
monitoring data and adjust frequency-at-age
tables and mortality estimates.

Efforts are also underway to collect
information about rainbow smelt populations on
the Penobscot River, Maine’s largest river,
before the removal of dams that block access to
original spawning grounds. The Penobscot River
Restoration Project will be restoring nearly
1,000 miles of sea-run fish habitat by removing
two hydroelectric dams and improving fish
passage at a third dam. Arter and Dietert (p. 84)
described collaborative research projects being
conducted by members of the Diadromous
Species Restoration Research Network that
study how the opening of this sea-run fish
habitat may affect sturgeon, bird assemblages,
sea lamprey, water quality, alewives, salmon,
and rainbow smelt populations and movement.
As part of this effort, Stevens et al. (p. 70)
initiated a multi-gear survey of the fish
community in the Penobscot estuarine system.
This survey will describe the spatial and
temporal distribution of fish in the estuary and
may be particularly useful for quantifying runs
of diadromous species.

Inland Smelt Populations, Trophic
Interactions and Management

Landlocked smelt populations are found in
the Northeastern US, Canada, and Great Lakes.

With concerns about populations in Lake Huron
at historic low levels, O’Brien et al. (p. 47)
studied densities of larval stages of smelt and
modeled stock recruitment based on bottom
trawl survey data. These results indicate that
variable growth rates and survival of early
hatching cohorts strongly influence year class
formation. In Lake Saint-Jean in Québec,
Canada, sub-adult rainbow smelt are both large
consumers of zooplankton and a plentiful prey
source for larger species. Plourde et al. (p. 43)
examined ingestion rates by young-of-the-year
and yearling smelt in Lake Saint-Jean using a
mercury mass balance model to better
understand zooplankton uptake and growth
during this important life phase. In an effort to
increase smelt production in Lake Saint-Jean,
Sirois et al (p. 46) quantified smelt carrying
capacity by describing smelt diet and comparing
it to the rate of production of the four main prey
groups in the lake. From their findings, it was
determined that the zooplankton production in
Lake Saint-Jean could support higher biomass of
smelt. In inland Maine, smelt have been stocked
in many lakes as a prey species for popular sport
fish such as landlocked Atlantic salmon.
Halliwell and Boucher (p. 48) described efforts
by the state to selectively stock certain lakes,
and to control or eradicate smelt from lakes
where they were illegally stocked and upsetting
the natural species composition.

Worldwide, smelt species are important
forage fishes. Common smelt (Retropinna
retropinna) are an important prey species for
rainbow trout (Oncorhynchus mykiss) in Lake
Rotoiti in New Zealand. There is interest in
increasing stocking of rainbow trout, but the
possible impact on the smelt population is
unknown. Blair et al. (p. 83) assessed smelt
abundance and concluded that smelt reproduce
locally and appear to provide a sustainable food
source for brook trout.



Fisheries: Historical and Current

Once supporting major commercial and
subsistence fisheries, rainbow smelt have
declined along the eastern seaboard of the
United States. Wood et al. (p. 66) summarized
information  about the once prominent
commercial fisheries in states from New Jersey
to Maine, described their subsequent decline,
and offered explanations for this drastic
contraction in range. The Pleasant River in
eastern coastal Maine remains one of the last
successful commercial smelt fisheries in the
United States; Shaw (p. 54) discussed how
fishermen and multiple agencies have
collaborated to collect data that quantify and
protect the fishery. Despite the decline in
commercial fishing for smelt in the United
States, recreational fishing remains a popular
and long standing tradition. State agencies in
New Hampshire and Maine survey these
fisheries to estimate annual population trends
and gather population data. Enterline and
Uraneck (p. 75) compared survey data collected
on the Kennebec River, ME from 2009-2011 to
survey data from 1979-1982 and found that
catch rates have declined slightly.

Laboratory Culture

Laboratory culture of rainbow smelt provides
a controlled environment for testing the effects
of certain conditions on various life stages. The
results of such studies are valuable for
aquaculture ventures, can lead to inferences
about environmental impacts on  wild
populations, or may generate new methods that
can be adapted for species management.
Berlinksy et al. (p. 26) conducted a series of
experiments to evaluate growth and survival of
juvenile rainbow smelt reared in recirculating
systems  under  different  environmental
conditions.  Water temperature, salinity and
dietary protein levels were varied and
physiological responses were recorded. Smelt

fed the highest percent protein diet and
maintained at the lowest temperature had a
significantly higher growth rate compared to the
other treatment groups. Ayer et al. (p. 62)
compared methods to mark the otoliths of reared
smelt using oxytetracycline hydrochloride
(OTC) and found marking to be most effective
when exposing the chemical to larval fish, as
opposed to embryos. As part of an effort to
restore smelt populations in Massachusetts,
larvae were marked and released into a coastal
stream. In subsequent years, adult smelt with
the OTC mark on their otoliths were captured
from the stream, providing evidence of the
utility of using OTC to document population
responses to smelt stocking.

Genetic Research and Management
Implications

Understanding genetic structure, variation,
and gene flow can lead to conclusions about the
evolutionary history of species, draw attention to
unique or isolated populations, and inform
management strategies. In the keynote address
of the workshop, Dr. Julian Dodson from Laval
University, Québec, described work to
determine how genetic composition and
contemporary environmental factors may affect
population-specific morphology of rainbow
smelt on the St. Lawrence River (p. 8). In order
to quantify nuclear gene flow among smelt
populations of the St. Lawrence estuary
complex, Colbeck et al. (p. 41) utilized
Amplified fragment length polymorphism
(AFLP) technology to compare smelt
populations from sites throughout the estuary.
Results show that while two distinct genetic
populations are evident, genetic intermediates
were also found, suggesting gene flow between
the clusters.

Along the American coast of the Gulf of
Maine, Kovach et al. (p. 14) distinguished four
to six genetic groups of rainbow smelt between



Buzzards Bay, Massachusetts and Downeast
Maine. These results can be used to inform the
designation of genetically distinct management
units, which may guide restoration and
restocking efforts. Within Maine, Van Gorden
and Zegers (p. 79) sought to determine whether
population structure existed among rainbow
smelt in four rivers of the Pleasant Bay
watershed.  They found that microsatellites
indicated polymorphism among their samples,
but analyses using a major histocompatibility
complex (MHC) marker suggested that the
samples were monomorphic. Also in Maine,
following five years of transferring anadromous
smelt eggs from Casco Bay to Sebago Lake,
Campbell et al. (p. 78) estimated gene flow
between these locations. Gene diversity indices
showed limited gene flow, and analyses
indicated that the direction of flow was from
Casco Bay to Sebago Lake.

Threat Identification

Anadromous rainbow smelt face a variety of
potential threats that arise from conditions and
activities both within and beyond the streams
they use for spawning. Because anadromous
rainbow smelt may spawn immediately above
the head of tide of coastal rivers and streams and
are not strong swimmers, they are often blocked
from spawning grounds by road crossings, dams,
and fishways that are designed for other species.
Clément et al. (p. 56) quantified smelt passage
success through an alternative nature-like
fishway utilizing Passive Integrated Transponder
technology. They found that smelt were indeed
able to move up through the fishway, but
movement was limited during high flows.

Chase et al. (p. 49) investigated how water
and habitat quality varied across 18 smelt
spawning sites in  Massachusetts, New
Hampshire, and Maine and classified sites as
“suitable” or “impaired” based on the
relationship of observed conditions to water
quality criteria. They documented that in-stream
pH, turbidity, total nitrogen, total phosphorus,
and periphyton growth exceeded proposed
thresholds and could degrade conditions for
rainbow smelt spawning. Mills and Enterline (p.
15) looked at watershed conditions adjacent to
smelt spawning sites in Maine. They did not
detect a strong direct relationship between land
cover and smelt spawning abundance, but these
influences may be translated indirectly through
changes in water quality and streambed features.

Restoration Initiatives

In response to notable population declines,
attention has increasingly focused on restoring
rainbow smelt and other diadromous species in
recent years. Verreault et al. (p. 64) described a
successful restoration effort on the St. Lawrence
River. Following water quality improvements
and fishing mortality reductions, rainbow smelt
have returned to previously abandoned spawning
tributaries, and adult abundance and mean
spawning age have increased.  Restoration
efforts are also underway in rivers along the US
portion of the Gulf of Maine coast. Arter and
Dietert (p. 83) explained the role of the
Diadromous Species Restoration Research
Network (DSRRN) in advancing the science
needed to guide these restoration efforts and
enhance their potential for success.



Past and present influences shaping intraspecific morphological divergence in
rainbow smelt (Osmerus mordax)

Julian Dodson, Gaétan Daigle, Marie-France Barrette, Marie-Andrée Godbout, Gabriel Colbeck and
Frédéric Lecomte.
Université Laval and Ministére des Ressources Naturelles et Faune, Québec

Introduction

Intra-specific phenotypic variation may be
the result of divergence involving the
partitioning of restricted resources among
specialists adapted to different ecological niches.
In freshwater fishes, there is no shortage of
examples of limnetic ecotypes filtering plankton
in the water column and benthic ecotypes
feeding on macroinvertebrates. Such ecological
divergence has often resulted in reproductive
isolation, opening the door to eventual
speciation. However, there are also many
examples of species that are composed of
morphologically distinct phylogenetic lineages
that have been isolated at some time in the past
and have developed more or less independently
over long periods of time, particularly during the
last or previous Pleistocene glaciations. Such
vicariant differentiation may have arisen through
genetic drift and-or adaptation to distinct
environments in historical refugia. Thus, when
studying species today, we are faced with the
problem of disentangling to what extent
variation in  morphological  traits in
contemporary populations is attributable to
adaptation to the current environment or the
result of occupying some past, unknown
environment.

Native to northeastern North America,
rainbow smelt is composed of two mitochondrial
clades (Bernatchez & Martin, 1996; Bernatchez,
1997). Given the enormous error associated with
molecular clocks, the clades may have diverged

anytime between a million to 35 thousand years
ago. However, it is most probable that they
diverged as recently as the last glaciation. A
geographical dichotomy exists in the distribution
of the two clades, with the so-called B-clade
occurring to the northwest of the Appalachian
mountains, and the A-clade to the east in
primarily Atlantic drainages. In addition,
contemporary ~ smelt  populations  show
considerable phenotypic variation and at least 3
morphotypes  are  recognized:  estuarine
anadromous, microphageous freshwater, and
macrophageous freshwater. Other morphological
variants have been found in estuaries, including
the  superficially  pelagic vs.  benthic
morphotypes of the St. Lawrence (Lecomte &
Dodson, 2004, 2005) and the microphageous
estuarine dwarf smelt found in Newfoundland.
Principal question. To what extent is
variation in  morphological traits among
contemporary  populations  attributable  to
adaptation to the current environment or to
previous history? In short, how important is the
past in structuring the present? To answer this
guestion, we evaluate the extent to which
intraspecific history (as indicated by clade
identity) influences morphological divergence
within historical lineage when exposed to
alternative selective pressures in lakes and
estuaries (as indicated by morphotype identity).

Results

We start with a morphological analysis of 13
lake populations, including allopatric and



sympatric micro- and macrophageous smelt
derived from both historical lineages, located
throughout the range of smelt in NE North
America (Barrette et al. 2009). A discriminant
function analysis, based on 37 morphometric
and 9 meristic traits, was used to isolate the
relative importance of ancestral (A vs. B clade)
and contemporary (macro- vs. microphageous
forms) influences. First and foremost, smelt
ecotypes in lakes are more similar within
lineages than between lineages. In fact, within
the B lineage, there is no difference between
macro- and microphageous smelt other than the
overall gill raker counts and body length that we
used to initially classify the ecotypes. The B-
phenotype is characterized by big jaws, big eyes,
and a generally deeper head and longer gill
arches. In contrast, all of these traits are smaller
in the A-phenotype, which is also characterized
by a greater number of dorsal gill rakers and
bigger fins. These tendencies are significantly
more pronounced for the A-microphageous
smelt than the A-macrophageous smelt.
Historical morphological features thus appear to
dominate contemporary trophic adaptations
(macro- vs. microphagy).

To a lesser degree, the larger jaw structures
and longer gill arches (and hence lower raker
density) we associate with the B lineage
characterizes macrophageous smelt of both A
and B lineages, whereas greater gill raker counts
and fin sizes characterize the microphageous
smelt.

To summarize.

e Smelt ecotypes (micro- and
macrophageous) are morphologically
more similar within their historical
lineages than between lineages (more so
in the case of the B lineage)

o Both lineages have experienced
parallel  morphological changes in
producing alternative ecotypes (big
jawed macrophageous ecotypes, higher
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gill  raker
ecotypes).

Now we ask if similar tendencies occur
within the estuarine environment. However, in
estuaries there appears to be very little evidence
for feeding specialists, although different
morphotypes have been observed. Rather, we
exploit the observation that many estuarine
populations are in fact mixes of A and B
haplotypes, indicating some degree of
introgression between ancestral lineages. We
used 14 estuarine populations: 3 pure A
populations, 2 pure B populations, 6 populations
predominantly A with some B haplotypes, 3
populations predominantly B with some A
haplotypes. We excluded a sample from the
north shore of the St. Lawrence, as its
morphology is so distinct that we did not want to
risk biasing the comparisons (Lecomte and
Dodson 2004). We aimed at seeing how the
introgressed estuarine populations compared
morphologically with the pure (A or B) estuarine
populations.

Two quite surprising results emerged from
this analysis. The major source of phenotypic
variation was generated by the Ba introgressed
populations that significantly diverged from all
other groups. In these introgressed populations,
we see characteristics of the typical B
morphology greatly amplified: big jaws, big
eyes, big heads, long gill arches. This is the
morphology Lecomte & Dodson (2004) defined
as the St. Lawrence North shore morphotype. It
thus appears that this morphology is typical of
populations dominated by the B lineage and
introgressed with the A lineage. In opposition on
this discriminant function, these same traits are
reduced in size and accompanied by those traits
typically associated with the A morphology:
bigger fins and fin bases, deeper and somewhat
larger body proportions forming a less
streamlined shape. These latter characteristics
define the “chunky” body morphology of the St.

density  microphageous



Lawrence south shore morphotype (Lecomte and
Dodson 2004), but it appears common to the
introgressed populations dominated by the A
lineage.

The second source of phenotypic variation
was generated by Ab introgressed populations
that significantly diverged from all other groups.
We see a typical A morphology characterized by
deeper and bigger body proportions (the
“chunky” morphology). In opposition, these
traits are smaller and define a more streamlined
morphology.

To summarize.

e Populations dominated by or
composed purely of either clade A or B
retain an ancestral morphology whether
they live in lakes or estuaries.

e Lacustrine smelt ecotypes are
morphologically more similar within
their historical lineages than between
lineages (more so in the case of the B

lineage)
e The analysis of estuarine
populations  showing evidence of

introgression between the two historical
lineages relative to pure lineages reveals
an even greater divergence in clade-
specific morphological traits.

This leads to the speculation that if
introgression increases genetic variance, and in
particular additive genetic variance, then
selection may be acting on the increased
phenotypic  variance  within  contemporary
ecological settings to generate estuarine
morphotypes. Is there really any evidence for
strong selection in these settings? To answer this
guestion, we used AFLP nuclear markers to
document the level of genetic variation among
sites in the Saint Lawrence estuary where the
two mtDNA lineages occur sympatrically. In
particular, we looked for outlier loci: those that
differ more than expected under neutral models
of divergence, and are thus potentially
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associated with divergent selection. We have
analyzed to date 100 polymorphic loci of which
4 loci are far more divergent than expected
under neutral models of divergence. They thus
serve as markers of divergent selection. Using
these 4 markers, we defined 4 genetically
distinct populations in the St Lawrence estuary
associated with divergent selection: south shore
downstream, south shore upstream, Saguenay,
and north shore. Thus, local selection along the
south shore, in the Saguenay and on the north
shore, could be contributing to limited gene flow
among populations. These results provide
preliminary  evidence that contemporary
selection is acting on historical morphologies
along the north and south shores.

Conclusion

» Variation in morphological traits in smelt is
largely attributable to historical lineages.

* In both lakes and estuaries, smelt
descended from the B lineage are
characterized by big jaws and big eyes
whereas smelt descended from the A
lineage are characterized by smaller heads
and eyes, bigger fins and less streamlined

bodies.
e In lakes, both lineages have experienced
parallel  morphological changes in

producing alternative ecotypes (big jawed
macrophageous ecotypes, higher gill raker
density microphageous ecotypes).

» Morphological differences characterizing
the St. Lawrence morphotypes probably
evolved long before the post-glacial
colonization of the estuary by the two
founding lineages.

» Their continued divergence appears related
to introgression of the two historical
lineages and divergent selection acting on
contemporary populations.



» Divergent selection contributes to limiting
gene flow among populations and
maintaining the differential distribution of
the mtDNA clades along the two coasts.

Future Directions. The next step in this
investigation is to fully document the genetic
divergence of the estuarine populations to
confirm the preliminary evidence supporting the
hypothesis that divergent selection contributes to
limiting gene flow among contemporary
populations. Once the true population genetic
structure is defined, an important objective will
be to breed and raise smelt of different
morphologies from different genetic populations
to see if morphological differences persist under
common environmental conditions. If this
proves to be the case, we may then expose
different genetic populations to a gradient of
environmental conditions to document if
reaction norms (the phenotypic expression of a
genetic population under different
environmental ~ conditions)  differ among
populations, a first step in demonstrating local
adaptation. Considerable development in the
culture of rainbow smelt to reproductive age is
an absolute prerequisite to achieving these goals.
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Anadromous rainbow smelt have
traditionally supported popular recreational
fisheries and small-scale commercial fisheries
along the Northeast coast of the United States.
However, concerns have grown over the health
of smelt populations throughout much of their
range. Rainbow smelt appear to have been
extirpated from the southern extent of their
range (Chesapeake Bay to Southern New
England), and fisheries in the northern part of
their US range along the Gulf of Maine coast
have declined. The states of Maine, New
Hampshire and Massachusetts received a grant
from the National Marine Fisheries Service’s
Office of Protected Resources to investigate the
status of smelt and to develop a conservation
plan for New England. Information on the
present status of smelt in New England is
limited. One component of the investigation was
to record biological data from spring spawning
runs that can be developed into fishery
independent indices of population abundance.
Analyses will be conducted on size and age
composition, catch per unit effort, and mortality;
and comparisons of smelt population
demographics will be made among rivers and to
previous studies. Preliminary results of the
smelt population monitoring were presented at
the workshop and are briefly summarized here.

Rivers and fyke net stations were selected in
each state for monitoring during 2008-2010.
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Eight fyke net stations were monitored in
Massachusetts using a box-frame net (4’x4’
entrance, 4’x4’ wings, and ¥ inch delta mesh)
with a hoop-framed cod end. The fyke was set
on rebar poles at mid-channel in the intertidal
zone below the downstream limit of smelt egg
deposition. The fykes were deployed on Monday
each week, hauled for the next three days and
removed until the next week. The sampling
period targeted 11 weeks from the first week of
March to the third week of May to coincide with
the smelt spawning period. Two fyke stations
were monitored in New Hampshire and five in
Maine: both states deployed a similar net design
with extended wings at sites with wider
channels.  The sampling duration in New
Hampshire and Maine also varied due to a later
ice-out and spawning season that occurs later
with increasing latitude. With each haul, smelt
were counted, sexed, measured (total length) and
released.  Weekly scale subsamples were
recorded at some stations for aging. Smelt were
captured at all fyke stations except the Westport
River in Massachusetts during 2008-2010.
Smelt catches among stations displayed distinct
characteristics of run peak, run duration, and
size composition.

Seasonality.  Spatial and annual variability
were noted in the duration and peak of

spawning. The onset of smelt spawning
consistently occurred in the first three weeks of



March in Massachusetts and New Hampshire.
Spawning was delayed with increasing latitude
in Maine, starting in late April and early May at
the easternmost stations. Stations in southern
Massachusetts had unique spawning seasonality
with spawning peaks near mid-April and longer
run duration. In contrast, smelt runs in northern
Massachusetts and New Hampshire had late-
March to early April peaks with sharply
declining catches after the peaks and shorter run
duration. Smelt run duration declined
progressively from northern Massachusetts to
Maine, a pattern that may continue with
increasing latitude as evident by very brief
spawning runs at the northern end of their range
(McKenzie 1964).

Catch Per Unit Effort (CPUE). Fyke net
catch rates varied widely among rivers and
years. Analyses to date have focused on
Massachusetts stations with consistently higher
catches. The geometric mean of peak season
catch-per-haul was estimated with 95%
confidence intervals. Nominal and transformed
CPUE data had high variance that could obscure
the detection of population changes. The catch
data did detect and track stronger than average
cohorts in several rivers. Additional years of
CPUE data are needed in order to demonstrate
the value of fyke net catch data as abundance
indices.

Length and Age Composition. Smelt are fast
growing fish that mature at small size and are
fully recruited to the spawning stock at age-2 in
the study area. Smelt length data at most fyke
stations displayed two age modes: one
comprised of age-1 smelt and an age-2+ mode
that was mainly age-2 smelt, with limited
presence of older smelt. In Massachusetts, the
age-1 mode was prominent in most years at most
stations and comprised a majority of the length
frequency at some rivers. This observation
differs from the smelt population studies during
the 1970s in Massachusetts, in which age-1
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participation in smelt runs was intermittent and
occurred at a lower frequency (Murawski and
Cole 1978; Lawton et al. 1990). Overall,
catches in southern Gulf of Maine showed
evidence of reduced presence of older smelt and
higher occurrence of age-1 smelt.

Mortality. Limited work has been done on
population metrics for anadromous rainbow
smelt throughout their range. A few studies
have calculated population mortality and
survival rates based on age structure (Murawski
and Cole 1978; and Pouliot 2002). Annual
survival rates (S) and instantaneous total
mortality (Z) were calculated using the
Chapman and Robson equation (Chapman and
Robson 1960) for this study. This analysis has
biases that may limit the accuracy of mortality
estimates. Few age cohorts are available for the
assessment: the age-1 cohort is excluded from
mortality estimates because these fish are
partially recruited to the spawning run, and age-
4 smelt are presently uncommon. Secondly, the
sampling method cannot distinguish the
occurrence of repeated spawning movements of
individual smelt. This behavior, as demonstrated
by Murawski et al. (1980), could bias
measurements of population mortality and
survival. Under the assumption that these biases
were consistent among studies, we calculated
mortality and survival estimates and compared
them to previous studies. These preliminary
analyses found higher survival in Jones River
and Parker River smelt populations in
Massachusetts in the 1970s (Murawski and Cole
1978, Lawton et al. 1990) than in 2008-2010. In
addition to having lower survival than the
previous estimates in Massachusetts, the average
survival of the smelt in the present study is
lower than found in earlier studies in the
Miramichi River (McKenzie 1964) and the
Fouquette River in Quebec (Pouliot 2002).
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Population genetic structure of anadromous rainbow smelt (Osmerus mordax)
in the Northeast U.S.

Adrienne I. Kovach?, Timothy S. Breton?, and David L. Berlinsky?
'Department of Natural Resources and the Environment, University of New Hampshire,
Durham, NH 03824
“Department of Biological Sciences, University of New Hampshire, Durham, NH 03824

Understanding the genetic structure of
marine and anadromous fish populations is
important for their successful management and
conservation. This objective is germane to the
rainbow smelt (Osmerus mordax), a Species of
Concern in the Northeast U.S. due to their close
association with estuarine habitats and the
potential for estuarine retention of larvae,
anadromous smelt are expected to exhibit
population structuring at the scale of estuaries or
retention areas. The goal of this study was to
determine the genetic variation among rainbow
smelt from multiple river systems in New
England. Smelt were sampled during the spring
spawning season in 2006-2010 from 18 river
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systems: the Weweantic, Jones, Fore, Saugus,
and Parker rivers in Massachusetts, the Salmon
Falls, Bellamy, Oyster, Lamprey, and
Squamscott rivers in New Hampshire, and Long
Creek, the Harraseeket, Kennebec, Sheepscot,
Penobscot, Pleasant, and Chandler rivers, and
Cobscook Bay in Maine. Genetic analysis was
conducted using 11 microsatellite markers. We
found a temporally stable genetic structure, with
weak but significant genetic differentiation
among smelt from most river systems (Fst =
0.017), with the exception of the ones in closest
geographic proximity (e.g. the five rivers of the
Great Bay estuary in New Hampshire). Genetic
structure followed an isolation-by-distance



model, as smelt from the most distant locations
displayed the highest levels of differentiation,
and genetic connectivity was highest within
regional river groupings. Bayesian clustering
approaches identified 4-6 population groupings,
with genetic discontinuities coinciding with
topographic features, such as capes and enclosed

bays that might promote larval retention.
Genetic diversity was slightly reduced in the
most northern  (Cobscook) and southern
(Weweantic) rivers. These results can be used to
inform the designation of genetically distinct
management units, which may guide restoration
and restocking efforts.

Relationships between watershed conditions and rainbow smelt spawning
populations in Maine, USA

Katherine Mills* and Claire Enterline®
'University of Maine, Gulf of Maine Research Institute, 350 Commercial St., Portland, ME 04101
kmills@gmri.org
’Maine Department of Marine Resources, P.O. Box 8, West Boothbay Harbor, ME 04575
claire.enterline@maine.gov

Introduction

Changes in land cover in a watershed can
affect receiving waters in ways that alter habitat
conditions, water quality, and biological
communities (Burcher et al. 2007, Allan 2004).
Urbanization and  agricultural  activities
contribute to erratic flow levels, warmer water
temperatures, channel alterations, sedimentation,
chemical and bacterial pollution, and nutrient
loading (Wang et al. 2001, Allan 2004). These
physical and chemical changes can secondarily
induce biological responses that affect fish and
invertebrate  populations and communities
(Wang et al. 2001, Burcher et al. 2007).

Anadromous fish are susceptible to impacts
from landscape alterations in the watersheds of
rivers they use for spawning and rearing.
Limburg and Schmidt (1990) found that the
density of alewife eggs and larvae was inversely
related to the proportion of urban land use in a
watershed. Chinook salmon recruitment in the
Columbia River also declined as the percentage
of urban land in the watershed increased (Regetz
2003). Further, median densities of spawning
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coho salmon in forest-dominated areas were 1.5-
3.5 times greater than in urban or agricultural
areas (Pess et al. 2002). These examples
indicate that anadromous species can be
influenced by land cover, but these linkages
have not yet been investigated for rainbow
smelt.

Rainbow smelt spawn at the head of tide of
streams and rivers, an area likely to be affected
by the characteristics of the contributing
watershed.  Changes in flow, temperature,
nutrients, and chemical loadings to estuaries and
rivers could affect smelt spawning location and
success. Some of these effects could accrue
directly; for example, increased flows may
inhibit upstream spawning migrations. Others
are likely to act through indirect pathways; as an
example, increased nutrient loading may
enhance periphyton growth and reduce smelt
egg survival (Chase 2006; Wyatt et al. 2010).

In this study, we investigate relationships
between watershed land cover and rainbow
smelt spawning habitat use along the coast of
Maine. We seek to understand land cover
characteristics that inhibit as well as support



rainbow smelt spawning. Our ultimate objective
is to evaluate whether land cover characteristics
can be used to prioritize conservation areas for
rainbow smelt.

Methods

Field Methods. @ The Maine coast has
historically supported over 250 unique rainbow
smelt spawning sites. In 2005 and again in 2007-
2009, the Maine Department of Marine
Resources worked with the Maine Marine Patrol
to survey each historically documented rainbow
smelt spawning site to confirm the current status
of spawning.

Patrol officers visited streams during the
nighttime high tide to confirm the presence or
absence of spawning adults and the daytime low
tide to confirm the presence or absence of eggs.
Smelt eggs can be easily identified because they
are adhesive, demersal, and no other species’
eggs are present in the same habitat in early
spring. Officers visited the streams one to three
times a week for the duration of the spawning
run — March 1 to mid-May west of the
Penobscot River and late April to mid-June to
the east. At each visit, officers recorded the date,
time, approximate number of adult smelt (0, 10s,
100s, 1,000s, 10,000s, 100,000s), and the
approximate egg abundance in one square foot
(0, 10s, 100s, 1,000s, 10,000s, millions).

The data for each site were compiled for the
four survey years. Each site was assigned a rank
(0-5) based on the absence or relative strength of
spawning activity:

0 —no eggs or adults observed

1 - 10s of eggs and/or adults

2 —100s of eggs and/or adults

3 —1,000s of eggs and/or adults

4 —10,000s of eggs and/or adults

5 — millions of eggs and/or 100,000s of adults
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Within each year, the observation with the
largest amount of eggs and/or adults was used to
assign the rank. The final rank for each site was
the average integer rank over the four survey
years. While many sites were surveyed in more
than one year, the rank for some sites was
assigned using only one year of data. Sites that
were visited infrequently or not at all were not
assigned a rank and were excluded from further
analysis.

Watershed Characteristics. Using the
geographic information system (GIS) program
ArcGIS 9.3, watershed characteristics for each
ranked spawning site were determined. The
National Hydrographic Dataset was used in
conjunction with the Network Analyst extension
to delineate the upstream flow network for each
site. This network was then overlaid on the
MaineGIS small watershed layer, and the entire
drainage area for each site was delineated.

We used widely available land cover layers
to describe watershed characteristics that may
impact rainbow smelt spawning habitat. Land
cover data (2005, 30-meter resolution) from
NOAA'’s Coastal Change Analysis Program
were used to determine percent forest, developed
area, open space development, agriculture, and
wetland for each watershed (NOAA 2008).
Developed low, medium, and high were
reclassified as a single “developed” class;
deciduous, mixed, and evergreen forests as
“forest”; palustrine forested wetland, palustrine
shrub/scrub  wetland, palustrine  emergent
wetland, estuarine forested wetland, estuarine
shrub/scrub wetland, and estuarine emergent
wetland as “wetland”; and pasture/hay and
cultivated crops as “agriculture”. Developed
open space was left as an independent category
that may indicate the amount of heavily
fertilized land (e.g., golf courses) within a
watershed.

Statistical Analysis. The full data set was
first reduced to include only watersheds up to




the 75" quartile in size. This eliminated the
influence of a few very large watersheds so that
more localized watershed relationships to smelt
spawning activity could be captured. From this
reduced data set, outliers were evaluated and
two sites that were affected by high numbers of
upstream crossings were removed.

Land cover characteristics in the watersheds
were first described using a principal
components analysis (PCA). Our intent in this
analysis was not to reduce the variables used in
subsequent analyses but to understand the
relationships among the variables and their
relative  contributions  towards explaining
variance in land cover among watersheds. This
analysis was conducted in JMP (version 9.0.0)
using the correlation matrix and a restricted
maximum likelihood estimation procedure to
compute the eigenvectors.

A cluster analysis was used to group the
sampled spawning sites based on their land use
characteristics. This analysis was also
conducted in JMP (version 9.0.0). We applied
hierarchical clustering using a complete linkage
method to the Euclidean distances derived from
the standardized land cover data. We interpreted
five clusters from this analysis and used those
clusters to graphically depict relationships
among three land cover types and the ranked
smelt spawning index.

Finally, we explored relationships between
the land use variables and the ranked prevalence
of smelt spawning using an ordered logistic
regression. The developed open space land
cover category was not used in the analysis due
to a high collinearity with the developed
category. Land cover data for the developed,
agricultural, and wetland categories were log-
transformed to stabilize the variance; forest was
not transformed prior to inclusion in the
analysis. The model was run using the Irm
function from the Design package in R
(version 2.12.1).
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Results

Of 218 historical spawning sites that were
surveyed during the 2000s, 67% (146 sites)
showed signs of current use by rainbow smelt.
However, spawning activity was fairly low at
most of these recently confirmed active sites;
62% received a ranking of 1 or 2 using the
scheme outlined above, 37% were ranked as 3 or
4, and only two sites scored a ranking of 5.

The small watersheds used for detailed
analyses represented a broad range of forest and
wetland conditions, with each category ranging
from 0% to nearly 100% coverage among the
watersheds. Developed land cover ranged from
0% to 85%, whereas developed open space and
agriculture showed smaller ranges of variability
(0% to 25%) among the watersheds.

A principal components analysis showed that
93% of the variance in land cover could be
explained by three axes. The first axis
accounted for 47% of the variance, and it
separated watersheds based on forest cover and
development, with the developed and developed
open space variables loading strongly with one
another (Figure 1). The second axis (26% of
variance) reflected differences in the watersheds
based on the portion of wetlands and agriculture
(positive weights on axis) and forest (negative
weights). The third axis explained 19% of the
variance and captured distinctions between
wetland and agricultural land cover.

A cluster analysis using the same five land
cover types grouped the watersheds into
dominant categories. These clusters represented
watersheds with: 1) high development and low
agriculture, forest, and wetlands; 2) moderate
development and agriculture but low forest and
wetlands; 3) high forest and low to moderate
levels of other land covers; 4) low development,
moderate forest, and moderate to high wetlands;
and 5) moderate development, low forest, and
high agriculture and wetlands (Figure 2).



Further interpretation of the cluster analysis
was supported by a trellis plot that relates ranked
spawning prevalence to developed, agricultural,
and forest land covers, with unique symbols
representing each of the five clusters (Figure 3).
The dominant pattern detectable in the trellis
plot showed that highly developed watersheds
did not support rainbow smelt spawning. The
plot also indicated that sites that support higher
levels of smelt spawning (ranks 3 and 4)
generally had higher forest cover than those
ranked lower (ranks 1 and 2).

Land cover variables that were associated
with the prevalence of rainbow smelt spawning
at a site were identified more formally using an
ordered logistic regression. When all four land
cover variables (developed, agriculture, forest,
wetland) were included in the model, only
agriculture showed a significant relationship
with the prevalence of smelt spawning
(p=0.006). Since the land cover variables were
log-transformed, the interpretation of the
regression output suggests that for every 2.7 unit
increase in the proportion of agricultural land
cover, we expect a 0.19 unit increase in the
ranked prevalence of rainbow smelt spawning at
a site on the ordered logit scale when other
variables in the model are held constant. The
model has a likelihood ratio chi-square of 14.16
with four degrees of freedom and is statistically
significant (p=0.0068), but its predictive
capacity is weak (pseudo R’=0.088, C=0.6).

Discussion

Rainbow smelt currently spawn in many
rivers along the coast of Maine, and watersheds
adjacent to these rivers represent a wide variety
of land cover types. Rainbow smelt spawning
was observed at 67% of the historical spawning
sites surveyed, but the level of activity was low
at most of these sites. Watersheds with high
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percentages of developed land appear to no
longer support spawning activity.  Although
some of the small watersheds analyzed as part of
this study were over 85% developed, evidence
of rainbow smelt spawning was not observed in
streams draining watersheds that were over 41%
developed.

It is important to recognize, however, that
lower levels of watershed development may
influence rainbow smelt spawning.  Highly
ranked rainbow smelt spawning sites (i.e., ranks
equal to 4 or 5) only existed in watersheds with
less than 10% developed cover. This 10%
development threshold is consistent with
observations of curtailed spawning activity of
alewife in the Hudson River (Limburg and
Schmidt 1990). It is likely that watersheds with
higher percentages of developed land are less
able to support spawning runs of anadromous
fish; however, other factors influencing habitat
(e.g., discharge, stream gradient, drainage size)
may be as or more important in determining the
strength of a spawning run at a given site.

Although graphical interpretations of the data
indicated that high levels of development were
associated with a lack of rainbow smelt
spawning, a statistical analysis also detected a
relationship between smelt spawning prevalence
and the portion of agricultural land cover in the
watershed. Positive associations between
agricultural land cover and fish habitat quality,
community structure, and biotic integrity have
been reported for freshwater streams (Wang et
al. 2002). However, other studies have found
agricultural land cover to be detrimental to
spawning populations of anadromous species,
including rainbow smelt (Pess et al. 2002,
Regetz 2003, Trencia et al. 2005).

The relationship between agricultural land
cover and rainbow smelt spawning in Maine
coastal rivers requires further study. It is
possible  that an interaction  between
development and agriculture exists such that the



positive influence of agricultural land cover may
be driven by an association with lower levels of
development. However, it may also be possible
that agricultural land cover in the watershed
benefits rainbow smelt; the effect of agricultural
activities may be buffered by streamside
vegetation, or the use of best management
practices may enhance the quality of streams in
other ways during the rainbow smelt spawning
season.

The results of these analyses do not find a
strong relationship between rainbow smelt
spawning abundance and land cover for small
watersheds along the coast of Maine. Further
analyses will be conducted to investigate the
importance of land cover within a narrow buffer
along the stream corridor, as other studies have
shown near-stream land cover to have a stronger
influence on aquatic ecosystems than land cover
at the watershed scale (Wang et al. 2002). In
addition, the qualitative nature of the rainbow
smelt spawning data (i.e., ranked summaries of
various numbers of point-in-time observations)
used in this study may have affected our ability
to discern relationships to land cover. Land
cover influences on spawning rainbow smelt
will be further assessed using quantitative
observations over the full spawning season of
the numbers returning to spawn at index stations
from Massachusetts to Maine.
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components analysis.
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Rainbow smelt (Osmerus mordax) are
small anadromous fish that live in near-
shore coastal waters and spawn in the spring
in coastal rivers immediately above the head
of tide in freshwater. During the spawning
run, a skewed sex ratio is observed with
more males visiting the spawning grounds
compared to females (Marcotte and
Tremblay 1948; Murawski at al. 1980, a
behavior which has been found to increase
fertilization success (Purchase et al. 2007).
Sampling large groups of smelt during non-
breeding seasons has found a balanced sex
ratio; on the Parker River, Massachusetts,
age-2+ females composed only 11.4% of the
sample during one spawning survey
compared to 47.4% of the winter fishery
catch within the same year (Murawski et al.
1980).

While repeat spawning behavior has been
described, the frequency of recurrence
according to sex and age has not been
quantified. Because most population
surveys are conducted during the spawning
season, the catch data are biased by
repeatedly counting the same males;
mortality rates calculated by tracking age
classes through time also carry the bias.
Previous mortality estimates have been
based on total catch during the spawning
season. Murawski and Cole (1978)
estimated a higher mortality rate for males
compared to females in the Parker River,

Massachusetts using a frequency at age
model based on spawning survey catches.
Because a larger number of age-2 males
may repeatedly visit the spawning grounds
compared to older males, the data would
falsely indicate that age-2 males compose a
larger proportion of the population, leading
to a higher mortality rate calculation.
Quantifying the rate of repeat spawning by
age and sex allows the frequency at age to
be corrected and accurate morality estimates
calculated.

This study was aimed at characterizing
smelt movement patterns during the
spawning season using PIT tags in concert
with RFID systems to improve population
statistics generated from spawning run
monitoring. Small  passive integrated
transponder (PIT) tags can be placed
internally in small fish with little mortality
and tag loss (Bruyndocx et al. 2002) and be
detected using continuously running in-
stream radio frequency identification (RFID)
systems. The methods and results are
reported from the first two years of a four
year study to quantify within-season
spawning behavior. The results are
preliminary and will be compared to data
collected in the last two years of the study
and will also be compared to results from a
similar study in the Fore River,
Massachusetts.
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Methods

Within-season spawning behavior by
rainbow smelt was examined on Mill Creek
at the head of tide of the Harraseeket River
in Freeport, Maine. A historically known
strong spawning run, the site continues to
support annual spawning comparable with
the larger spawning runs in the state. Smelt
were collected using fyke nets during annual
spring spawning runs (March to June) in
2009 and 2010. No more than 60 smelt
were tagged each week for ten weeks with
23mm PIT tags and monitored with in-
stream continuously running RFID systems
(Figure 1). Tagging was based on sex and
age class as determined by length.

In addition to the field study, a laboratory
retention and mortality study was completed
at the Annisquam River Marine Fisheries
Field Station in Gloucester, MA. In 2010, 90
smelt were tagged according to sex and
length. Daily mortalities were removed and
sex, length, and PIT tag number recorded.
The holding tank was monitored daily for
any expelled tags. The laboratory study will
be repeated in 2011.

Results

In 2009, 143 smelt were tagged (95 male;
48 female) and in 2010, 111 smelt were
tagged (70 male; 41 female). The average
size for both genders remained similar
between the years, however, a wider range
of sizes for both genders was tagged in
2010. A proportion of both males and
females were never detected by the system.
While mortality due to tagging may be
responsible, it is also possible that the
system failed to detect the downstream
movement of these fish. All females either
exited the spawning area immediately after
tagging or returned once, however, males

returned to the spawning area up to eight
times within a season. In both years and
combining 2009 and 2010 data, males
returned significantly more times than
females (Pearson Chi Square; o = 0.05; 2009
= 0.0230; 2010 = 0.0004; 2009 + 2010 <
0.0001). When comparing the number of
returns by males to length, a bimodal pattern
results with one peak in returns at 13-14cm
and another peak at 17-19cm.

Discussion

Quantifying repeat spawning behavior by
sex and age will enable us to tune annual
smelt fyke net monitoring data to reflect the
number of individual smelt visiting the
spawning grounds. Because mortality
estimates are based on the size of age
cohorts over time, previous estimates using
spawning survey data have overestimated
mortality.  Preliminary results show that
males return to the spawning grounds at a
significantly higher rate than females.
Comparing the number of returns to length,
we found a peak in the number of returns
lengths corresponding to age-1 and age-2
males. Individual ages will be confirmed
before final conclusions are made. The
results of this study and a similar study at
the Fore River, MA will be used to adjust
frequency at age tables and mortality
estimates.
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behavior of rainbow smelt in the Harraseeket River, Maine for the duration of the spawning season (March to early
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and Antenna 4) were placed downstream of the spawning grounds but close to the head of tide. Smelt were captured
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Rainbow smelt culture in recirculating systems

David Berlinsky*, Abigail B. Walker and Heidi R. Colburn.,
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A series of experiments were conducted to
evaluate the growth and survival of juvenile
rainbow smelt reared in recirculating systems
under different environmental conditions (16, 20
and 24°C; 0, 5 and 15 mg/L salinity) and fed 3
dietary protein levels (35, 42 and 50%). Larval
smelt were initially fed live prey (rotifers and
Artemia) and gradually weaned to commercial
formulated diets over a 2 or 3-day period.
Growth was significantly greater in juveniles fed

the highest protein diet (50%) and reared at the
lowest temperature (16 °C), although survival
did not differ among treatment groups. Growth
and survival were high and did not differ among
salinity treatment groups. While smelt are
highly adaptable to culture in recirculating
systems, high levels of cannibalism will need to
be  addressed  before = commercial-scale
production can be realized.

Spawning strategies and dynamics among anadromous smelts, are we aware
of only the tip of the iceberg?

Frédéric Lecomte
! Chaire de recherche sur les espéces aquatiques exploitées au Québec, Service de la faune aquatique,
Direction de I'expertise sur la faune et ses habitats, Ministére des Ressources naturelles et de la Faune du
Québec, 880 Chemin Ste-Foy, 2° étage, Québec, G1S 4X4, Canada et Université du Québec a Chicoutimi,
555 de I’Université, Saguenay (City), G7H 2B1, Canada

Introduction

While diadromy is known among less than
1% of fish species (=227 species; including 15
Anguilliforms, 28 Salmoniforms and 35
Osmeriforms: Nelson, 2006; McDowall, 1987),
the  phenomenon is  nevertheless  well
documented thanks to the relative importance of
such fishes. However, the many studies based on
salmons and eels suggest the prevalence of strict
models for the anadromy and catadromy that are
not necessarily representative of the variability
known amongst diadromous species (See
Dodson et al. 2009; McDowall, 1987). The latter
case is typified by smelts (family Osmeridea)
which exhibit nearly the entire range of
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spawning strategies known for diadromous
species (Dodson et al., 2009; McDowall, 2010).

Recent studies recognize 13 families of
Osmeriforms (Dodson et al., 2009; lles & Taylor
2009; Waters et al., 2002; Froese & Pauly,
2011) that include  southern  smelts
(Retropinnids: 6 sp), northern smelts (Osmerids;
13-15 sp), plecoglossids (1 sp) and galaxiids (40
sp). The present study is primarily aimed at
describing spawning strategies of the rainbow
smelt (Osmerus mordax), for which a wider
perspective reveals the hidden part of the
iceberg! From truly marine to pure freshwater
species, a symphony of variation has been
composed upon the basic diadromous life-
history strategy (Table 1).



Variability in spawning dynamics among
Osmerus. Although the genus Osmerus includes
only 3 species, their combined distribution range
covers much of the temperate region of the
northern hemisphere; O. mordax is native to
coastal Northeast North America, O. eperlanus
is found in Europe, and O. dentex exploits the
Acrctic basin and the North Pacific Rim (Kottelat
& Freyhof, 2007; Nellbring, 1989; Scott &
Crossman, 1973). Throughout these areas
Osmerus appears highly adaptable, both in terms
of genetic origins and their capacity to
recolonize post-glaciated habitat (e.g. glacial
races) or biological entities (e.g. dwarfs, giants,
anadromous, landlocked, planktivorous,
benthivorous, etc.). Again, the plasticity typical
of this group pertains to most aspects of their
history and biology.

For anadromous populations of Osmerus
spp., the “typical” spawning strategy may be
simply illustrated as follows: adults gather early
in spring in tributary streams, spawning occurs
at night at the margin of the tidal influence, and
the sex-ratio is skewed in favour of males,
except during the peak of spawning activities
when sex-ratio is more equal and large females
are present. After 10-14 days of incubation (or
more when water temperature remains low, a
total of 164°C*days is required for hatching:
McKenzie, 1964; Akielaszek et al., 1985; see
Bouchard 1993 for an extensive discussion on
the topic) eggs hatch and buoyant larvae drift
toward the sea (Ouellet & Dodson, 1985a,b;
Chase, 2006). The only identified differences
among anadromous populations are related to
the duration of spawning activities: about 1-2
weeks in the northernmost part of the range
(Pettigrew, 1997; Trencia & Langevin, 2008)
and nearly 2 months in the south (Chase, 2009).

Surprisingly, while such typical behaviour is
assumed for anadromous populations, the
landlocked forms of Osmerus spp. exhibit a
wide variety of strategies. Among these
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populations, alternative spawning habitats are
documented and, even for a specific population,
the spawning strategy may change year to year.
There are also some cases where the
anadromous populations are exploiting the
brackish estuarine environment as a replacement
of the sea (Table 2).

What constrains spawning in Osmerus?
Many factors are known to influence the
survival of eggs (oxygen, pH, salinity, etc.), or
simply affect the capacity for adults to use a
tributary for spawning (e.g. water velocity,
obstacles, etc.) (Rupp, 1959a/b; McKenzie,
1964; and Chase, 2006). Few studies are
available that quantify the relative importance of
each factor (Brassard & Verreault, 1997; Fuda et
al., 2007). We present in Table 3 some values
typically reported, and corresponding references,
it must be noted that theses values are only
indicative and should not be used as definitive
references. Among all factors known (Table 3),
the values for salinity appear somewhat
surprising considering that all spawning runs
studied to date are located within the freshwater
portion of rivers.

Thus, the presumption that salinity may
hinder spawning success appears somewhat
exaggerated when considering laboratory studies
showing that O. mordax egg survival is nearly
100% in brackish water of 15 %o (Fuda et al.,
2007); survival declines only when salinity
increases to 20 %o (Ayer et al., 2005; Fuda et al.,
2007) in laboratory experiments. The spawning
of rainbow smelt in semi-diurnal estuarine
systems may thus be far less constrained by
salinity than previously suspected. This latter
observation must be further put in the context of
the spring freshet that is likely to push further
downstream the saline front creating a
freshwater plume outside the river itself.

The St. Lawrence Middle Estuary smelt
populations as a case study. Early work within
the St. Lawrence estuary suggested the existence




of a single smelt population spawning in
tributary streams along the south shore of the
Middle Estuary, while larvae were advected in
the deep channels of the estuary where they
recruited to the adult population. The
exploitation of smelt in the whole region was
based upon this supposition of a single stock.
The single stock hypothesis and other notions of
smelt life history in the region had to be
abandoned in 1996 when smelt in the St.
Lawrence estuary was found to be composed of
two genetically-distinct “cryptic” sympatric
populations (Bernatchez & Martin, 1996). The
two populations identified were named
according to the location of the adults during the
summer: the North Shore Population (NSP) and
the South Shore Population (SSP). With this
realization, it appeared that all known spawning
sites belonged to the SSP. Only larvae of the
NSP were collected in the deep waters of the
estuary. Following several studies aimed at
guantifying the degree of isolation between
these two populations, it appeared that many
aspects of their biology were distinct: they
originated from two distinct glacial races, they
are ecologically distinct, they exploit distinct
feeding  habitats, they possess distinct
morphological features, their larvae exploit
different nursery grounds, and they spawn in
distinct habitats (Bernatchez & Martin 1996;
Lecomte & Dodson 2004; Lecomte & Dodson
2005; Lecomte 2005).

The quest for the identification of the
spawning sites. Among the many aspects of the
biology that required clarification, the
undiscovered location of the spawning sites of
the NSP was the most intriguing. The middle
estuary harbors high densities of larvae
belonging to the NSP population (Pigeon et al.,
1997, Lecomte & Dodson, 2004); however,
surveys aimed at the various tributaries of the St.
Lawrence never found smelt spawning grounds
other than those exploited by the SSP (Pigeon et
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al., 1997; Bernatchez & Martin, 1996). At that
moment, it was hypothesized that the NSP
spawning ground may be located upstream of
the Middle Estuary, as young larvae belonging
to the NSP were collected around the Orleans
Island. (larvae aged less than 4-7 days).

To better localize the spawning area,
ichthyoplankton surveys were conducted in early
May between the Middle Estuary (Orleans Is.)
and Trois-Riviéres, located nearly 260 km
upstream of the Middle Estuary. From these
surveys it was possible to infer that the NSP was
exploiting shallow shoals nearly 90 km upstream
of the Middle Estuary (Lecomte & Dodson,
2004). In this area, called Neuville Shoals, no
important tributaries were known and no eggs
were found in the small brooks and rivers,
despite the very large number of larvae found
nearby in the St. Lawrence mainstem (Lecomte
& Dodson, 2004). The larvae were found to be
less than 1 day old in the vicinity of Neuville
and 4-5 days old in the vicinity of Québec City.
Moreover, drifting eggs were also observed.

Based on the pattern of drifting larvae, we
determined the exploitation of the Neuville shoal
as a spawning ground, but we were unable to
define the precise location of the spawning run
or to delimit the zone exploited. In the following
years (2005-2006), studies aimed at quantifying
the contribution of the smelt egg incubator
located on the de I’Eglise Brook (to supplement
the SSP; Fig.1) revealed that larvae belonging to
the SSP were quite rare (all larvae from the
incubator were marked using Alizarin-red)
(Cleary et al.,, 2007). The percentage was
estimated to be 4.5% and 1% for 2005 and 2006
respectively; however, more than 80% of all
larvae collected in the vicinity of the incubator
were aged of 0-1 day, implying that they could
not have originated from the Neuville shoals
(Cleary et al., 2007). The following year (2007),
a more exhaustive survey stretching from
Neuville to the vicinity of de I’Eglise Br.



confirmed that larvae belonging to the NSP
found nearby the incubator were originating
from another NSP spawning site located
downstream of Québec City (Martin, 2008; for
the genetic identification see Coté & Bernatchez
2009).

As we were aware of the potential use of
shoal areas as spawning habitat for smelt, the
quantification of the use of such spawning
habitat became an essential investigation related
to smelt fisheries exploitation in the region.
Research was undertaken to identify other
shallow areas exploited by smelt as spawning
habitat. As was observed during spring 2007 and
2008 by the private consultant firm GENIVAR
(2007, 2008) and further confirmed in 2010 and
2011 by our own survey (see Legault &
Lecomte this volume), large numbers of eggs
were found on a shallow shoal close to
Beaumont (See Fig.1; Legault & Lecomte, this
volume). The genetic identification revealed that
they belong to the SSP (see Legault & Lecomte,
this volume). Although we still did not succeed
in identifying NSP spawning sites, we
nevertheless realized that both the NSP and SSP
populations exploited shallow shoals to spawn.
The extent of the previously unknown shallow
shoal spawning areas in the main stem St
Lawrence River in close proximity of de I’Eglise
Brook suggest that spawning activities
previously observed within the little brook may
be in fact only the tip of the ‘reproductive’
iceberg!

Conclusions

We suggest that such alternative spawning
strategies (tributary vs. coastal) must be
common in rivers with large freshwater plumes
or in the low salinity zones of estuaries.
Although it is difficult to locate and retrieve
eggs laid in such habitat because of
environmental conditions, the egg collectors (see

30

Legault and Lecomte, this volume) are relatively
easy to build and can apply to study designs in
watersheds where questions remain over the
location of spawning habitat. For the SSP, such
findings clearly helped us to better understand
several conflicting observations and helped us to
redirect future research.

With this information we now can see that
past surveys based on the stereotypical tributary-
spawning strategy for the de I’Eglise Brook run
provided an incomplete evaluation of spawning,
as it was based on the proverbial tip of the
iceberg. The alternative, shoal-spawning
dynamic is rarely documented among
anadromous smelt populations, but we do not
know whether this is because it is truly rare, or
due to the difficulty of detection. We suggest
that this alternative spawning strategy may be
more widespread than acknowledged and the
phenomenon should be quantified, particularly
as the strategy may become increasingly
important when habitat quality in spawning
tributaries declines. | will conclude by
presenting a phrase Rupp wrote more than 60
years ago (1959a): “Studies in Maine indicate
that shore spawning may be considerably more
important in the biology of smelts than has
previously been recognized.”
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Table 1. Example of species and their life-history strategies relative to spawning dynamics

Species Group Location of Larval Juveniles Adults Landlocked
spawning nursery populations
Plecoglossus Plecoglossidae - River Sea River - Estuaries- Yes
altivelis Amphidromous Estuaries Sea
Mallotus Osmeridae — Marine Sea Sea Sea No
villosus Marine (Beach or
Deep-water)
Osmerus Osmeridae — River Sea Sea Sea Yes
mordax Anadromous (Estuaries)  (Estuaries) (Estuaries)
Retropinna Retropinnidae — River Sea Sea Sea Yes
retropinna Anadromous
Galaxias Galaxiidae — River River River River
olidus Freshwater
Hypomesus Osmeridae - River Sea Sea Sea Yes
olidus Anadromous (Estuaries)  (Estuaries)  (Estuaries)
Galaxias Galaxiidae - Estuaries Sea Sea, after River Yes
maculatus Amphidromous River
Lovettia sealii Galaxiidae- River Sea Sea Sea
Anadromous
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Table 2. Example of alternate spawning dynamics among Osmerus spp.

Species Spawning site Location References
® O. mordax Shoreline Some lakes in Maine Rupp, 1959a,b
é O. mordax Deepwater Lake Heney, Quebec Legault & Delisle, 1968
§ O. mordax Shoreline Crystal lake, Michigan Lievense, 1954
- O. mordax Shoreline Lake Michigan Lievense, 1954
O. mordax Deepwater Lake Champlain Plosila, 1984
O. eperlanus Estuarine portion Gulf of Bothnia Hudd & Urho, 1985
-~ O. eperlanus Coastal lagoon Various sites in the Baltic Shpilev et al., 2005
% & O. mordax Shallow shoal, upstream Lecomte & Dodson,
S3 of the middle estuary St-Lawrence, Québec 2004
0 @ (freshwater)
O. mordax
Shallow area, upstream Saguenay Fjord Lesueur, 1998
of the saline intrusion
O. mordax Extended migration

(>10 km) above tide to Charles River, Mass. Chase, 2006
riffle
Table 3. Factors affecting the spawning dynamics and hatching success.
Variable Min. value  Optimal value Max. value References
Salinity (%o) 0 0-15 <20 Ayer et al., 2005
Fuda et al., 2007
Oxygen (%) 20 100 100 Fuda et al., 2007
pH >5 6.5-9.0 n/a Fuda et al., 2007
Geffen, 1990
Brassard & Verreault, 1997
Suspended material 0 n/a 20-25 Brassard & Verreault, 1997
(mg/l)
Nitrates (mg/l) 0 0-29.2" Fuda et al., 2007
Phosphates (mg/l) 0 0-4.2 Fuda et al., 2007
T (°C) 4-5 10-15 n/a Ayer et al., 2005
Chase, 2006 (average start)
Water velocities (m/s) <0.3 0.3-1 <2 Brassard & Verreault, 1997

Chase, 2006

* = Theses values were the most elevated tested and allowed nearly 100% hatching success
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Introduction

Within the St. Lawrence Middle Estuary, two
sympatric smelt populations are known to co-
exist (Bernatchez & Martin 1996; Lecomte &
Dodson 2004). The two populations are known
to be ecologically distinct and to utilize distinct
feeding habitats. They possess distinct
morphological features, their larvae exploit
different nursery grounds and they spawn in
distinct habitats (Bernatchez & Martin 1996;
Lecomte & Dodson 2004; Lecomte & Dodson
2005; Lecomte 2005).

The existence of an alternative spawning
strategy among St. Lawrence Middle Estuary
sympatric smelt populations was first detected in
the late 1990s (Lecomte & Dodson 2004,
Lecomte 2005). The South Shore Population
(SSP) spawns in “traditional” tributary streams
close to the nursery habitat (shallow shoals and
embayments along the south shore). Previously,
nothing was known about the NSP spawning
activities.  We found that the NSP was
exploiting the shallow shoals located in
Neuville, which is located 90 km upstream of
the population’s estuarine nursery habitat
(Lecomte & Dodson 2004).

The observation of recently hatched larvae
(1-2 days) belonging to the NSP in the vicinity
of Orleans Is. (Fig.1), 70-80 km downstream of
the Neuville area, suggested that major
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spawning sites used by the NSP were to be
found downstream of the site identified in the
late 90s (Cleary et al. 2007; Martin 2008;
Legault et al. 2009). As pointed out by Lecomte
(this volume), many studies (Pigeon et al. 1998;
Lecomte & Dodson 2004; C6té & Bernatchez
2009, 2010) provided observations relative to
the contribution of SSP larvae in this area,
despite the elevated number of SSP larvae
produced by the incubator (spawning facility)
located nearby in the village of Beaumont (de
I’Eglise Brook) (Trencia & Langevin 20086,
2007, 2008): despite the production of 20-40
millions larvae of the SSP in the incubator, they
went almost totally undetected in surveys (e.g.
larvae contribution <1% SSP; Pigeon et al.,
1998; Lecomte & Dodson, 2004; CoOte &
Bernatchez, 2009, 2010; Lecomte et al., In
press) because of the abundance of NSP larvae
found in the St. Lawrence directly in front of the
de I’Eglise brook.

During a study aimed at evaluating the use of
shallow shoals by smelt in the vicinity of the
Beaumont shoals (Fig. 1), GENIVAR, a
consulting firm, found egg deposition during
two consecutive years (GENIVAR 2007, 2008).
The origin of the eggs was a matter of debate as
they were not genetically identified. We
proceeded to quantify the smelt spawning
habitat in the shallow shoals near Orleans Island.
This became a research priority and a



prerequisite for an environmental evaluation
required for future development of this region.

The objectives of the present study were to
(1) assess the importance of egg deposition in
this area and (2) genetically identify the origin
of eggs.

Materials and Methods

Egg deposition surveys were conducted in
2010 during the St. Lawrence middle estuary
smelt spawning season, which corresponds
roughly to the time when water temperature
warms from 4°C to 6°C (Trencia et al. 2005). As
water velocities in the St. Lawrence may reach
up to 3.0 m/s in this area due to the combined
effect of freshwater outflows and tidal currents,
traditional egg collectors cannot be used (e.g.,
ceramic plates). Thus, we modified the
technique initially developed by GENIVAR
some years ago. Rows of ten 1/8” (3.2 mm)
“satin” steel plates of 30 cm x 30 cm (12" x 127)
linked together with wires were used (Photo 1).
The “satin” steel is a grade between true
galvanized steel and raw steel; it is not as rough
as the raw type but it does show greater rust
resistance and is less expensive than galvanized
steel. We used a combination of 10 plates spaced
by approximately 6° (2 m) of wire. Two anchors
were used to maintain the rows on the riverbed.
Buoys attached to each anchor were used to
locate and recover the plates.

Since smelt eggs are adhesive, plates could
be left underwater for several days. Because we
wanted to quantify the chronology of the
spawning activities, and because elevated
sedimentation coupled with the strong currents
in the area could displace and/or bury the plates,
we limited the time span between sampling to
every 2-3 days when weather condition allowed.
On each occasion, we removed the plate lines
and collected all attached eggs. The number of
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plates on which eggs were found was recorded.
Eggs were kept in 95% ethanol.

The genetic identification technique used
followed the technique developed by Pigeon et
al. (1998) and updated by Lecomte et al. (In
press) to reflect the recent studies specifying
population genetic structure (Lecomte & Dodson
2004; Coté & Bernatchez 2009, 2010).

The NSP is composed of 79% allele “B” and
21% allele “A’” whereas the SSP is composed of
81 % allele “A” and 19% allele “B” (see
Lecomte and Dodson 2004, Lecomte et al. in
press). Thus, alleles are not diagnostic, requiring
the use of a mixed-stock technique analysis. The
egg contribution (%) of each population for each
plate row was calculated using the mixed-stock
analysis of Lane et al. (1990) for a two
population — two allele setup. The use of a
mitochondrial marker implies that only
matriarchal lineages are detected. Technically,
eggs will bear exactly the same genetic signature
as that of their mother. Moreover, as females lay
several eggs (clutch) during each spawning act,
the analysis of eggs attached physically close to
each other may over-represent the contribution
of a population as they may belong to the same
female. Thus, we limited the number of eggs
analyzed per row by fixing a limit of an
equivalent of 5 eggs per plate. As plates are
spaced by 2 m, distinct plates are unlikely to be
covered by eggs deposited by the same female.
By this procedure, we thus restrained
theoretically the over-representation of an
individual female (e.g. if 55 eggs are retrieved in
a string where only 1 plate was covered by eggs,
only 5 eggs will be analyzed). In addition to the
eggs collected in 2010, a sample of eggs
collected in 2008 was Kkindly provided by
GENIVAR (see GENIVAR 2008).

The egg densities were calculated using the
number of eggs deposited over the surface area
of plates used within each area sampled. The
number of eggs deposited on each row was



summed as they represent a physical location
where normally the eggs would accumulate
following individual spawning acts. Error
estimates were calculated using bootstrap
resampling to represent the variability associated
with individual rows (e.g. if a female did spawn
directly over one plate). The egg deposition
areas were calculated using georeferenced
bathymetry maps.

Results

The use of metal plates to locate spawning
grounds proved an efficient method, as it was
possible to retrieve eggs despite harsh
conditions. Although the plates were anchored
some rows moved several meters from their
initial position. Moreover, in some areas, plates
were rapidly covered by sediment (less than 2
days). Thus, all estimates of egg deposition
probably underestimate the true egg deposition.
Nevertheless, large numbers of eggs were
detected, indicating that the area sampled in
2010 is an important spawning area.

The broad distribution of eggs (Fig. 1)
reveals that smelt utilize large expenses of
shallow shoals. The distribution also indicates
that eggs are not only restricted to the
downstream river plume, but also are not
influenced by any neighboring rivers.

For the 2010 season, the genetic
identification shows that egg depositions all
belonged to the SSP (Table 1). Contribution
above 100% of a population is an artifact created
by the method used to calculate the contribution
(see Lane et al. 1990). This artifact is
accentuated for samples of small size. The over-
representation does, however, fall always within
the 95% error estimates (1.96 SD).

Samples of the 2008 season revealed that the
three sites analyzed were dominated by SSP
eggs: two in the “Hot-Spot”, H53 (Ngenetic=22;
64.9% SSP; SD=15.2%) + H58 (Ngenetic=26;
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102.1% SSP; SD=11.3%), and one in the de
I’Eglise Brook (H66) freshwater plume
(Ngenetic=9; 129.4% SSP; SD=19.6%). In the case
of the 2008 samples, it was impossible to correct
for over-representation of individual females,
hence the elevated estimates for H53 (i.e. too
many eggs from the same female bearing the
same allele).

Assuming that the average egg densities
estimated for the three areas surveyed in 2010
(75.7 eggs / m) are representative of the whole
shallow area (<2 m depth at low tide along 2.5
km of coastline; 5.5 km?) where egg depositions
were reported either on the shallow areas
(GENIVAR 2008, 2007) or in some brooks
(Trencia & Fournier 1999; Trencia 1991), a total
of 417 (SE= 251) million eggs may be spawned
in this region.

Discussion

The exploitation of shallow shoal was
already known for several populations (see
Lecomte, this volume), including the NSP
(Lecomte & Dodson 2004). We showed that the
SSP did also exploit spawning sites located on
shallow shoals. The present study revealed that
this alternative spawning strategy may be more
important than previously thought and is
currently used in concert with the “traditional”
strategy of spawning in tributaries. For the SSP,
the extent and importance of the egg deposition
on these shoals needs to be documented to
protect the spawning area exploited by the SSP.
As the area surveyed was relatively limited in
2010, a more extensive study must be conducted
in the near future to better quantify the
contribution of this “alternative” spawning
strategy. The density of egg deposition appears
quite variable in space and time (Fig. 1, Table
1), but considering the limited area sampled by
our plates (0.9 m? per string) and all limitations
associated with the method (i.e. plates buried



under the sand, problems related to the fixation
of eggs on iron) the number of eggs sampled
represents high densities.

We suggest that such an alternative spawning
strategy may be beneficial in rivers with large
plumes of low salinity. Although it is difficult to
monitor egg deposition in such habitat because
of environmental conditions, the egg collectors
are relatively easy to build and should be
considered in such environmental situations.

Brief update on the 2011 south shore egg
deposition survey. During spring 2011, we
extended our survey (see Fig. 1). Eggs were
found outside the area surveyed in 2010, nearly
2.5 km downstream of the de I’Eglise Brook,
validating the hypothesis that smelt were
exploiting the large stretch of shallow habitat <
2m (at low tide). Moreover, a few eggs were
found 12.2 km downstream of the de I’Eglise
Brook, on shallow shoals located adjacent to the
Boyer River where an important smelt run was
extirpated in the 1980°s (Fig.1). The genetic
identification has not been completed, but it is
likely that they belong to the SSP. However see
Dodson et al. (this proceeding) for a more
precise figure of the genetic definition of the
SSP and the populations utilizing the Middle
Estuary.

Acknowledgements

We thank the technicians who faced
sometimes harsh conditions to make these
surveys a real success: N. Harnois, D.
Deschamps, D. Fournier, F. Hudon, O. Thusy,
R. Dostie, W. Cayer-Blais, J. Bédard, Y.
Soulard, J. Bédard, P.-L. Daigle, E. Henri. Y.
Plourde. GENIVAR provided us eggs sampled
in 2008 and lent us their plate rows.

References

Bernatchez, L. and S. Martin. 1996.

40

Mitochondrial DNA diversity in anadromous
rainbow smelt, Osmerus mordax Mitchill: a
genetic assessment of the member-vagrant
hypothesis. Canadian Journal of Fisheries
and Aquatic Sciences 53:424-433.

Cleary, D., P. Sirois, and M. Legault. 2007.
Evaluation de la contribution des larves
d’éperlan arc-en-ciel produites a I’incubateur
du ruisseau de I’Eglise & la population de la
rive sud de I’estuaire du Saint-Laurent. Pages
55-56 in Compte rendu de I'atelier sur les
péches commerciales 2007. Document de
régie interne. Ministere des Ressources
naturelles et de la Faune, Direction du
développement de la faune. Québec. 86 p.

Coté, G. and L. Bernatchez. 2009. Identification
génétique des larves d'éperlans arc-en-ciel
capturées dans le fleuve Saint-Laurent en
2008. Université Laval, Québec.

Coté, G. and L. Bernatchez. 2010. Identification
génétique des larves d'éperlans arc-en-ciel
capturées dans le fleuve Saint-Laurent en
2009. Université Laval, Québec.

GENIVAR. 2007. Projet RABASKA -
Vérification d’indices de reproduction de
I’éperlan arc-en-ciel dans I’estuaire fluvial du
Saint-Laurent en 2007, secteur de Lévis-
Beaumont — Rapport Final. Rapport de
GENIVAR Société en commandite & SNC-
Lavalin et a RABASKA.

GENIVAR. 2008. Vérification d'indices de
reproduction de [I'éperlan arc-en-ciel dans
l'estuaire fluvial du Saint-Laurent en 2008,
Secteur de Lévis-Beaumont - Rapport Final.
Rapport de GENIVAR Société en
commandite a SNC-Lavalin et a RABASKA.

Lane, S., A. J. McGregor, S. G. Taylor, and A.
J. Gharrett. 1990. Genetic marking of an
Alaskan pink salmon population, with an
evaluation of the mark and the marking
process. American  Fisheries  Society
Symposium 7:395-406.

Lecomte, F. 2005. Déterminisme écologique de



la ségrégation geénétique des populations
sympatriques d'éperlans arc-en-ciel (Osmerus
mordax) de I'estuaire moyen du Saint-
Laurent. Université Laval, Québec.

Lecomte, F. and J. J. Dodson. 2004. Role of
early life-history constraints and resource
polymorphism in the segregation of
sympatric populations of an estuarine fish.
Evolutionary Ecology Research 6:631-658.

Lecomte, F. and J. J. Dodson. 2005.
Distinguishing ~ trophic  and  habitat
partitioning among sympatric populations of
an estuarine fish (Osmerus mordax Mitchill).
Journal of Fish Biology 66:1601-1623.

Lecomte, F. et al. (In press). Synthese des
résultats portant sur I’identification génétique
des jeunes stades de vie de I’éperlan arc-en-
ciel (Osmerus mordax) capturés dans
I’estuaire fluvial. Ministére des Ressources
naturelles et de la Faune. Direction de
I’expertise sur la faune et ses habitats.
Service de la faune aquatique. Québec. 89
pages.

Legault, M., D. Cleary, and P. Sirois. 2009.
Action a poser suite a la découverte d’un site
de reproduction d’importance de la
population d’éperlan arc-en-ciel de la rive
sud dans le fleuve Saint-Laurent. Pages 9-10
in Compte rendu de I’atelier sur la faune
aquatique 2009. Document de régie interne.
Ministere des Ressources naturelles et de la
Faune. Direction de I’expertise sur la faune et
ses habitats. Service de la faune aquatique.
Québec. 83 pages.

Martin, J.-F. 2008. Production et dispersion des
larves d'éperlans arc-en-ciel dans le fleuve
Saint-Laurent au sud de [I7le d'Orléans.
Université du Québec a Chicoutimi.

Pigeon, D., J. J. Dodson and L. Bernatchez.
1998. A mtDNA analysis of spatio-temporal
distribution of two sympatric larval
populations of rainbow smelt (Osmerus

41

mordax) in the St.Lawrence river estuary,
Québec, Canada. Canadian Journal of
Fisheries and Aquatic Sciences 55(7):1739-
1747.

Trencia, G. 1991. Vérification de la fraye de
I'éperlan arc-en-ciel dans des tributaires du
Saint-Laurent dans la région de Québec en
1989. Ministere du Loisir, de la chasse et de
la péche. Service de lI'aménagement et de
I'exploitation de la faune. Direction régionale
de Québec, Québec.

Trencia, G. and D. Fournier. 1999. Vérification
de la fraye de I'éperlan arc-en-ciel dans des
tributaires du Saint-Laurent en 1995. Service
de la Faune et du Milieu Naturel, Direction
Régionale Chaudiére-Appalaches, Faune et
Parcs, Québec.

Trencia, G. and B. Langevin. 2006. Incubation
d’oeufs d’éperlan arc-en-ciel au ruisseau de
I’Eglise en 2006. MRNFP, secteur Faune
Québec, Direction de I’Aménagement de la
Faune, Région de la Chaudiére-Appalaches,
Charny.

Trencia, G. and B. Langevin. 2007. Incubation
d’oeufs d’éperlan arc-en-ciel au ruisseau de
I’Eglise en 2007. MRNFP, secteur Faune
Québec, Direction de I’Aménagement de la
Faune, Région de la Chaudiére-Appalaches,
Charny.

Trencia, G. and B. Langevin. 2008. Incubation
d’oeufs d’éperlan arc-en-ciel au ruisseau de
I’Eglise en 2008. MRNF, secteur Faune
Québec, Direction de I’Aménagement de la
Faune, Région de la Chaudiere-Appalaches,

Charny.
Trencia, G., G. Verreault, M. Legault, and V.
Tremblay. 2005. L’éperlan arc-en-ciel

(Osmerus mordax) anadrome du sud de
I’estuaire du Saint-Laurent: Une population
en voie de désignation comme espece
vulnérable. Le Naturaliste Canadien 129:86-
94,



T St-Cla
:::_. P -

Torsew

Figure 1. Study site and features are discussed in the text; the shaded area represents the area of egg deposition
(Beaumont shoals). Symbols show where eggs were found.

G — \.’_. J‘.-c.‘.".'-,-_ =
how eggs attached to a plate.

Photo 1. Steel plates and close up to s

42



Table 1. Densities and genetic identification of eggs collected on the shallow shoals in 2010.

Estimates for the Areas of interest®

Line* | Date? Eggs® Density | Gen.* | SSP | NSP | SD Eggs Surface © Mean Total | SSP | NSP | SD
n (#plates)|  /100m? n % % % n (#plates) | Area (m? |Density eggs % % %
eggs/m® | deposits
o
f P11 06/04/2010 71 (2) 12.2 10 129.4 | -29.4 | 18.0
g 72 (3) 6 000 26.7 160000 | 116.5 | -16.5 | 8.5
35S
O
O | P11 [19/04/20100 1(1) 1.1 1 125 | 112.5 | 43.1
PO1  [14/04/2010  1(1) 1.1 1 129.4 | -29.4 | 595
P02  [14/04/2010 177 (1) 6.7 5 726 | 274 | 311
e
Q | P03  [14/04/2010 1(1) 1.1 0
8 193 (7) 20 200 42.9 868000 | 107.5 | -7.5 | 8.0
g PO3  [22/04/2010 2 (2) 2.2 1 129.4 | -29.4 | 59.5
T
PO4  [14/04/2010| 11 (1) 5.6 5 129.4 | -29.4 | 26.0
PO4 [19/04/2010  1(1) 1.1 1 129.4 | -29.4 | 595
P21  [16/04/2010  9(3) 10.0 9 82.1 | 179 | 22.2
P22 06/04/2010 1 (1) 1.1 1 129.4 | -29.4 | 595
| P22 [16/04/2010 442 (10) 27.8 25 101.0 | -1.0 | 11.0
o
© | P22 [19/04/2010 46 (9) 28.9 25 971 | 29 | 125
2 553 (33) 15 900 153.6 | 2445000 | 103.4 | 3.4 | 2.6
20 | P23 [16/04/2010  1(1) 1.1 1 129.4 | -29.4 | 595
o | P23 [19/04/2010 51 (6) 27.8 25 122.9 | -229 | 125
©
P23 [22/04/2010  1(1) 1.1 0
P25 [16/04/2010 2 (2) 2.2 2 584 | 416 | 503

1 the line correspond to the sites indicated on Fig.1

2 the date indicate the moment when the lines were installed

3 the # plates refers to the number of plates on which eggs were found

4 the number of eggs analyzed according to the methodology indicated in the text

5 The areas of interest are either the Claude br., the Hot-Spot, the de I’Eglise br.

6 the surface area are the minimal area covered by the lines installed in the various areas (see Fig.1)
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Nuclear (AFLP) population genetic structure of the St. Lawrence estuary
smelt complex

Gabriel Colbeck*', Julie Turgeon? and Julian Dodson*
YUniversité Laval, Québec
2 Ministére de Ressources Naturelles et de la Faune, Québec
*Corresponding author: gabriel.colbeck.1@ulaval.ca

In order to better understand nuclear gene
flow amongst contemporary populations of the
St. Lawrence estuary smelt complex, we
employed AFLPs on 16 sample sites (N=315)
across the estuary, with multiple sites
representing each of the two historical lineages.
In preliminary results, 4 primer combinations
yielded 154 loci, 67 (43%) of which were
polymorphic. We find two distinct genetic
clusters, but they do not conform to the classic
north/south dichotomy. One cluster is found
primarily upstream on the south shore, while a
second cluster is found on the north shore, as
well as in downstream populations of the south
shore (i.e. from Riviere Ouelle to Rimouski).

While most individuals are distinctly one genetic
population or the other, genetic intermediates
(i.e., hybrids) exist, suggesting gene flow
between the clusters. In terms of the historical
lineages, these results suggest nuclear
introgression from the north shore ecotype to the
south shore ecotype in populations from Ouelle
to Rimouski, since these sites putatively have
'south shore'’ mtDNA  (further mtDNA
sequencing results pending). On the other hand,
upstream south shore ecotype populations

appear to remain relatively distinct. Firm
conclusions await additional samples and
analyses.

Quantifying zooplankton consumption by larval and juvenile rainbow smelt
using a mercury mass balance model

Jérdme Plourde**, Pascal Sirois®, and Marc Trudel?
! Research Chair on exploited aquatic species, Département des sciences fondamentales, Université du
Québec a Chicoutimi, 555 boulevard de I'Université, Chicoutimi (QC) G7H 2B1, Canada
2 pacific Biological Station, Fisheries and Oceans Canada, 3190 Hammond Bay Road, Nanaimo (BC)
VIT 6N7, Canada
*Corresponding author: jerome.plourde@ugac.ca

Introduction

Consumption rates have seldom been directly
estimated in the field for larval and juvenile fish.
However, assessing food ingestion rates for
early life stages may be as important as adult
stages. Because bioenergetics models developed
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for adult fish are not applicable to early life
stages (Karjalainen et al. 1997), and given that it
is difficult to directly assess food ingestion rates
by larvae and juvenile planktivorous fish
because they feed on small particles (Wuenschel
and Werner 2004), mercury mass balance
models appear to be an appropriate method to



assess food ingestion rates during early life
stages of fishes.

Rainbow smelt (Osmerus mordax) is an
important prey for piscivore species in many
lakes (Lantry and Stewart 2000) including Lake
Saint-Jean. Lake Saint-Jean is a large reservoir
(1053 km®) located in the Canadian boreal zone.
This lake supports 28 freshwater species
including walleye (Sander vitreum), northern
pike (Esox lucius) and the most important sport
fish in this region, landlocked Atlantic salmon
(Salmo salar ouananiche).

In this lake, landlocked Atlantic salmon feed
almost exclusively on rainbow smelt. The aim of
this study is to assess food ingestion rates by
young rainbow smelt in Lake Saint-Jean,
Quebec, Canada, using a mass balance model
with mercury.

Materials and methods

Larval, juvenile rainbow smelts and
zooplankton were collected seven times during
the ice-free season in 2009 from June to
October. Determination of mercury in the
sample was made for at least five larval fish and
five juvenile fish on each date. We used a
mercury mass balance model developed by
Trudel et al. (2000) to assess food ingestion rate:

C..—C, -e_(E +G)At

I = a-Cd[l_e—(E+G)At}(E+G)

where 1 is the food ingestion rate (g-g™-day™ or
day'l), C; and Cy,4; are the concentration of Hg
in fish at time t and t + At (ng-g™), respectively,
At is the time interval (days) between sampling
dates, E is the elimination rate of Hg by the fish
(day™), G is the specific growth rate (day™), « is
the assimilation efficiency of Hg from food and,
Cq is the concentration of Hg in the prey (ng-g").

Results

Based on stomach content analysis, young
rainbow smelt fed almost exclusively on three
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groups of planktonic prey: Bosmina spp.,
Daphnia spp. and calanoid copepods (primarily
Epischura lacustris and  Leptodiaptomus
aschlandi). The cyclopoid copepod Diacyclops
bicuspidatus thomasi was also important for
first-feeding larvae. MeHg concentrations in fish
increased during the ice-free season in the two
age classes. MeHg concentrations were between
2 to 5 fold higher in yearling than in young-of-
the-year.

Food ingestion rates were expressed as body
weight percentage (Table 1). In early summer,
young-of-the-year smelt ingested nearly 70% of
their body weight per day and then this value
decreased to reach less than 25 % per day for the
rest of the season. In fall, ingestion rate was at
its lowest with less than 5% of body weight per
day. On the other hand, yearling consumption
was at its highest in early summer with nearly
30% of body weight per day, and declined until
the end of October to reach between 0 and 5% of
body weight per day.

Discussion

Food ingestion rates were assessed for early
life stages of rainbow smelt using a Hg mass
balance model. These fish fed almost
exclusively on pelagic zooplankton. Food
ingestion rates were closely linked with growth
and were variable depending of the age of the
fish and the time of the season. Our results
suggest that young-of-the-year rainbow smelt
had a high energetic demand during their larval
stage as measured by food ingestion rates which
declined as the summer progressed and
remained nearly constant into the fall. The same
pattern was observed for young-of-the-year
yellow perch, beginning with a high
consumption in early summer and declining to
roughly 20% of their body weight per day later
in the season (Post 1990).

Yearling rainbow smelt food ingestion rates
in Lake Saint-Jean were at their highest in June



and July. This generally coincides with
zooplankton peak abundance in the lake.
Because water and air temperature and daylight
duration are at maximum during these two
months, zooplankton egg development time
decreases during this period and new cohorts can
be produced quickly. With high zooplankton
abundance during the summer months, less
energy is required to search for prey. Hence,
rainbow smelt can achieve faster growth in early
summer compared to fall when there is less
zooplankton abundance.

In conclusion, a mass balance model using
mercury provided food ingestion rates for larval
and juvenile rainbow smelt in agreement with
previous studies. These results provided new
data on zooplankton predation by rainbow smelt
in Lake Saint-Jean and will contribute to
evaluate the carrying capacity of the lake for
future enhancement programs.
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Table 1. Larval and juvenile rainbow smelt food
ingestion rates (percent body weight per day) assess
with a mercury mass balance model during summer
and fall 2009.

Rainbow smelt

Larv Juve
al nile
Early 60- 25-
summer 70 % 30%
Summer 20- 20-
25 % 30 %
End 10- 0-15
summer 20 % %
5-20 0-5
Early fall % %




Carrying capacity of Lake Saint-Jean for rainbow smelt
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Rainbow smelt (Osmerus mordax) is a key
forage species in several inland aquatic
ecosystems such as Lake Saint-Jean, a large
reservoir located in the Boreal Shield ecozone in
Quebec, Canada. For instance, it is now well
established that the production of landlocked
Atlantic salmon (Salmo salar) is related to
abundance of its preferred prey, the rainbow
smelt (Havey & Warner 1970). Hence, in Lake
Saint-Jean, fishery managers are considering to
increase the production of smelt population with
a large scale stocking project of larval smelt
and/or with the creation of artificial reproduction
sites. However, it is important to assess the
feeding demand and the food supply for rainbow
smelt in Lake Saint-Jean. The general objective
of this study was to assess the carrying capacity
of Lake Saint-Jean for rainbow smelt. To reach
this objective, we first described the diet of
larval and juvenile rainbow smelt and we used a
mercury mass-balance model to estimate the
feeding demand (Plourde et al., in this
proceedings). Then, we estimated the production
of the four main prey items to evaluate the food
supply and we finally compared the latter to the
total ingestion of larval and juvenile rainbow
smelt in Lake Saint-Jean during the ice-free
season (May to October).
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Results showed that larval (0+) and juvenile
(1+) rainbow smelt fed almost exclusively on
zooplankton and had almost no other fish
competitor for this resource in the pelagic zone.
More specifically, they primarily consumed four
prey items, the calanoid Leptodiaptomus
ashlandi, the cyclopoid Diacyclops bicuspidatus
thomasi and the cladocera Bosmina spp. and
Daphnia spp. An individual smelt ingested from
0 to 0.753 g wet of zooplankton per day (Jérébme
Plourde et al. this issue). Based on a scenario of
high abundance of rainbow smelt in Lake Saint-
Jean, the total ingestion was 2.48 g wet per m™
from June 15" to October 15™. Due to their
abundance, the consumption of 0+ smelt
represented 93.9% of the total ingestion.

To calculate the food supply, zooplankton
was sampled at 12 stations in Lake Saint-Jean
every 2-3 weeks from mid-May to early October
in 2006 and 2007. In the laboratory, zooplankton
was sorted, enumerated and the developmental
stage was determined on more than 81,144
individuals from 228 samples. To estimate the
secondary productivity of each of the four main
preys, the increment summation method was
used. All together, the four main preys produce
between 32.7g (2007) to 42.8g (2006) wet per
m? from May 17" to October 10" This
production is largely sufficient to meet the



feeding demand of abundant cohorts of larval
and juvenile rainbow smelt in Lake Saint-Jean

(Fig. 1).
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Figure 1. Comparison of the zooplankton food
supply and the feeding demand of rainbow smelt in
Lake Saint-Jean during the ice-free season.

Early life history dynamics and recruitment of rainbow smelt in Lake Huron

Timothy P. O’Brien*"?, and William W. Taylor*®
1 *SGS Great Lakes Science Center, Ann Arbor, MI, email: tiobrien@usgs.gov
2 Michigan State University, Department of Fisheries and Wildlife, East Lancing
*Michigan State University, Center for Systems Integration and Sustainability, East Lancing

Rainbow smelt are an important prey species
for native and introduced piscivores in the Great
Lakes, but also function as a predator on native
fish and zooplankton species. Rainbow smelt
abundance in Lake Huron is currently at historic
low levels with most of the population
comprised of age-0 and age-1 fish. To
determine sources of recruitment variability and
understand long term population decline, we
studied larval stages of rainbow smelt during
2008-2009 and modeled stock recruitment
relationships based on bottom trawl catches
during 1976-2009. Peak larval rainbow smelt
densities in 2008 were double densities observed
in 2009. Length frequency analysis revealed a
second cohort of lake spawned larvae appeared
in late June and early July of both years
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concurrent with an increase in larval density.
Growth rates of larvae were significantly higher
during 2009. Early hatching cohorts during
2008 suffered high mortality, whereas early and
late hatching cohorts had relatively high survival
during 2009. Stock-recruit models for 1976-
1991 appeared asymptotic and recruitment
variability was best explained by a combination
of lake trout abundance, rainbow smelt stock
size, and Lake Huron water levels. During
1994-2009, compensatory processes were
evident at high stock sizes and recruitment
variability was explained largely by lake trout
abundance. These results indicate that variable
growth rates and survival of early hatching
cohorts strongly influence year class formation
of rainbow smelt in Lake Huron. Furthermore,



lake trout abundance had a substantial influence
on rainbow smelt recruitment dynamics in Lake

Huron during 1976-2009, presumably through
predation on larval and/or adult life stages.

History and status of landlocked rainbow smelt (Osmerus mordax) in Maine

Dave Halliwell' and Dave Boucher?
'Maine Department of Environmental Protection, Augusta
Maine Department of Inland Fisheries and Wildlife, Strong
*Corresponding author: David.Halliwell@maine.gov

Rainbow smelt are anadromous fish which
are indigenous to most coastal Maine estuarine
waters.  They also occur as native and
introduced landlocked populations in humerous
fresh water inland lakes and ponds statewide.
Rainbow smelt are the primary forage fish
species for landlocked Atlantic salmon in Maine
and elsewhere, and they are thought to have
originated in the same four river basins — St.
Croix (West Grand Lake, Washington Co.),
Union (Green Lake, Hancock Co.), Penobscot
(Sebec Lake, Piscataquis Co.) and Presumpscot
(Sebago Lake, Cumberland Co.) — as well as
associated free-flowing waters within these river
basins. Late 1800’s fishery records indicate that
landlocked Atlantic salmon were primarily
found to occur in the presence of landlocked
populations of rainbow smelt, and the two
species were widely disseminated for the
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purpose of generating sport fisheries as early as
1868. After more than a century of stocking and
active management, Maine’s Department of
Inland Fisheries and Wildlife reported in 2006
that 176 Maine lakes (about 485,000 acres)
provided a significant fishery for landlocked
Atlantic salmon (and rainbow smelt) — nearly
50% of Maine’s total freshwater acreage.
Rainbow smelt are also exclusively sold as a
primary bait fish in Maine for salmonid fisheries
statewide, particularly during the winter fishing
season. Big Reed Pond (a 94-acre pond in the
St. John River drainage) — home to the
regionally endemic Arctic char (Salvelinus
alpinus) and surrounded by old growth forest —
is currently being reclaimed in an attempt to
extirpate a population of illegally introduced
rainbow smelt.



Water quality and habitat assessment of rainbow smelt (Osmerus mordax)
spawning locations in rivers on the Gulf of Maine coast
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Anadromous fish migrate between marine
and freshwater habitats to complete essential life
history stages. Widespread reductions have
occurred in populations of several species of
anadromous fish in New England in recent
years. Population trends are not well
documented, and factors causing the declines are
subject to speculation. Spawning habitat
degradation has long been a suspected
contributor to the declining health of sea-run
fish. The reproductive strategy of depositing a
demersal, adhesive egg in freshwater habitats
may be challenged by the influence of watershed
alterations, particularly in urban areas.
Coinciding with declining populations is a
growing public interest in restoring these
traditional and popular fish runs. Restoration
efforts have focused on structural solutions to
migration impediments, with less guidance
available on the role of water and habitat quality
in restoring anadromous fish habitat and
populations.

Rainbow smelt populations at the southern
end of their range have undergone sharp declines
in recent decades. Evidence of extirpation in
former runs, low abundance in existing runs,
northward movement of the southern range
boundary, and truncated age structure allows the
supposition that natural mortality, habitat
alteration and climate change could be
influential in recent trends. Within the category
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of habitat alteration, passage obstruction and
channel alteration are obvious negative
influences. More recently, concern has been
raised over water quality and substrate
degradation  caused by  eutrophication,
sedimentation, and water supply management,
particularly in urban areas (Chase 2006).
Overall, there is little specific information on
smelt spawning habitat requirements and casual
relationships for degradation.

The states of Maine, New Hampshire, and
Massachusetts are collaborating to create a
conservation plan for rainbow smelt in the Gulf
of Maine. The effort is funded by the NOAA
Office of Protected Resources in the interest of
improving knowledge and conservation for
Species of Concern, an Endangered Species Act
designation given to smelt in 2004. The project
includes the development of a Quality
Assurance Program Plan (QAPP) for monitoring
water and habitat quality at smelt spawning
habitats in coastal rivers on the Gulf of Maine
coast. The monitoring relates species life history
requirements to state and federal water quality
criteria and habitat thresholds. Project goals
include developing a standardized process to
classify the suitability of smelt spawning habitat
and contributing to water quality and habitat
restoration efforts in New England. Preliminary
results and exploratory analyses of smelt



spawning habitat monitoring from 2008-2010
were presented at the workshop.

The QAPP for monitoring diadromous fish
habitat includes a Standard Operating Procedure
(SOP) for rainbow smelt spawning habitat. The
QAPP was adopted by the Species of Concern
project and approved by the Massachusetts
Department of  Environmental  Protection
(MassDEP) in 2009 and finalized by the
Massachusetts Division of Marine Fisheries as a
technical report (Chase 2010). The SOP has four
primary objectives:

1. Delineate and document river and stream
locations where smelt spawning occurs.

2. Measure biotic and abiotic parameters at
smelt spawning sites. Identify water and
habitat quality deficiencies at each site
using physical, chemical and biotic
criteria.

3. Develop reference condition thresholds and
relationships between abiotic and biotic
habitat conditions.

4. Incorporate monitoring results into Clean
Water Act (CWA) processes  for
protecting designated habitat uses, and
make recommendations for improving and
protecting smelt habitats.

Each state selected spawning sites for water
quality monitoring and for fyke net sampling of
adult smelt. The fyke nets were maintained
during the smelt spawning period (March-May
and June at northern Maine stations) and hauled
three times per week for typically 10-11 week
seasons. The water quality sampling stations
were selected to measure freshwater flows near
the downstream limit of spawning habitat. With
each haul date, the following parameters were
measured: water temperature (°C), dissolved
oxygen (DO; mg/L), specific conductivity
(mS/cm), water pH, and turbidity (NTU). In
addition, during the 2008-2009 spawning period
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ceramic tiles were deployed in riffle habitat
where smelt deposit eggs. Periphyton growth on
the tiles was collected biweekly to quantify daily
growth and describe algal species composition.
The tile deployment sites were also visited
weekly to collect total phosphorus (TP) and total
nitrogen (TN) samples and record water depth
and velocity. Additional physical and local

climate data were recorded including air
temperature, precipitation, continuous water
temperature, percent open canopy, and
discharge.

Summary statistics were generated for
sampled parameters by site and for the entire
study area and then classified by SOP thresholds
assembled from existing water quality criteria
(Table 1). The U.S. Environmental Protection
Agency (US EPA) has developed criteria for
turbidity, TN and TP that are based on the 25t
percentile of the distribution of observed values
across a population of rivers in an ecoregion (US
EPA 2000). The 25" percentile is adopted as the
threshold between degraded conditions and
minimally impacted reference locations. The
MassDEP has established Surface Water Quality
Standards (SWQS) for water temperature, pH
and DO as part of their CWA waterbody
assessment process (MassDEP 2007). The
thresholds are designed to protect designated
uses for aquatic life which includes fish habitat.
Other potentially important physical and
chemical parameters for smelt spawning habitat
lack water quality criteria established by
regulatory agencies or the scientific literature.
For these parameters, the Species of Concern
project will evaluate the distribution of data
collected during 2008-2010 to identify potential
thresholds for water quality and habitat
impairment.

Water quality data was collected at eight
stations in Massachusetts, three stations in New
Hampshire, and seven stations in Maine during
2008-2010. The preliminary statistics from



2008-2010 sampling were summarized at each
station, and include the classification of each
station as Suitable (minimally impacted) or
Impaired based on established criteria for each
parameter (Table 2). Most stations exceeded the
US EPA thresholds for TN and TP with the
exceptions mainly at less developed watersheds
in  Maine. Additional sampling will be
conducted in 2011 and data distributions will be
evaluated for the potential of establishing
thresholds specifically derived from smelt
spawning habitat measurements.
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Table 1. Water chemistry criteria related to smelt spawning habitat. The water chemistry parameters were adopted
from Massachusetts SWQS for protecting Aquatic Life at Class B Inland Waters (MassDEP 2007), and US EPA
reference conditions for the Northeast Coastal Zone sub-Ecoregion (US EPA 2000b). Potential criteria are presented
based on 25th and 50th percentiles from 2008-2010 project data. Blank cells indicate either that no criterion exists or
the derived percentile has limited relevance for smelt habitat.

Minimally Minimally Moderately
Parameters Suitable Impacted Impacted Impacted
(MassDEP 2007) 25" Percentile 25" Percentile 50™ Percentile
(US EPA 2000b) | (2008-2010 data) | (2008-2010 data)
Temperature (°C) <283
Sp. Conductivity
(mS/cm) <0.133 <0.195
pH >6.5t0<8.3 <6.84
DO (mg/L) > 6.0
Turbidity (NTU) <1.7 <2.1 <24
TN (mg/L) <0.57 <0.34 <0.44
TP (ug/L) <23.75 <19.1 <20.8
Periphyton
Biomass (g/m?/d) <0.0143 <0.0605
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Table 2. Median water chemistry values from smelt Species of Concern project stations, 2008-2010. The percentage of samples that
exceed the parameter criteria from Table 1 are reported under Exceedance (%) where rivers shaded in gray are classified as Impaired
(>10% exceedance) and Suitable (< 10% exceedance) are without shading. Rivers are listed from South to North.

Sp. Cond] Water Exceed.] D.O. Exceed. pH Exceed.|Turbidity Exceed. TP Exceed. TN Exceed.| AFDW Exceed.
River State | (mS/cm) [Temp. (C% (%) (mg/L) (%) (%) (NTU) (%) (ug/L) (%) (mg/L) (%) (g/mz/day) (%)

Westport MA 0.124 9.39 0% 11.0 0% 5.98 99% 15 39% 20.8 14% 0.39 29%
Weweantic MA 0.091 11.05 0% 10.5 0% 6.31 89% 2.3 81% 39.3 93% 0.14 20%
Jones MA 0.195 9.93 0% 11.8 0% 6.48 55% 2.9 94% 17.0 8% 0.59 49%| 0.0240 57%
Fore MA 0.558 10.43 0% 11.9 0% 7.09 1% 2.2 74% 21.5 39% 0.53 27%| 0.0154 50%
Saugus MA 0.664 9.06 0% 11.9 0% 7.28 0% 2.8 89%
North MA 0.946 9.84 0% 12.5 0% 7.23 0% 2.0 77% 21.4 33% 1.45 100%| 0.0828 71%
Crane MA 0.996 9.54 0% 11.8 0% 7.20 1% 3.4 99% 21.0 38% 1.28 100% 0.1198 88%
Parker MA 0.256 9.11 0% 11.8 0% 7.02 0% 1.8 66% 22.1 36% 0.67 73% 0.0685 63%
Squamscott NH 0.143 13.22 0% 10.1 0% 6.92 0% 17.4 22% 0.44 16%| 0.0598 89%
Oyster NH 0.183 9.41 0% 111 0% 7.40 0% 4.3 100% 21.1 25% 0.36 0%
Winnicut NH 0.317 11.55 0% 11.2 0% 7.30 0% 2.7 100% 20.6 36% 0.54 42% 0.0888 100%
Long Creek ME 0.444 11.35 0% 10.7 0% 7.24 0% 7.0 100% 20.5 24% 0.46 29%| 0.0625  100%
Mast Landing ME 0.133 9.42 0% 11.4 0% 7.14 10% 9.0 100% 19.5 25% 0.27 0%
Deer Meadow ME 0.031 11.37 0% 11.0 0% 6.84 16% 25 92% 19.1 15% 0.28 0% 0.0068 25%
Tannery ME 0.142 14.07 0% 10.2 0% 7.68 9% 2.1 54% 21.3 44% 0.35 0% 0.0611  100%
Schoppee ME 0.197 11.32 0% 9.9 0% 2.1 73% 21.8 33% 0.50 22%
Chandler ME 13.22 0% 9.6 0% 6.73 33% 15.0 0% 0.34 11% 0.0111 25%
East Bay ME 0.044 9.88 0% 10.7 0% 7.34 4% 2.0 65% 114 4% 0.22 0% 0.0055 25%
25th percentile 0.133 9.45 10.6 6.84 2.1 19.1 0.34 0.0143
50th percentile 0.195 10.18 11.1 7.14 2.4 20.8 0.44 0.0605

53




Pleasant River estuary, smelt fisheries from past to present - a ray of hope for
a declining species?

Dwayne Shaw*
Executive Director, Downeast Salmon Federation, Columbia Falls, Maine
*Corresponding author: dsf@panax.com

The Pleasant River and other nearby
estuaries are home to some of the most highly
productive smelt populations remaining along
the US Atlantic seaboard. The surrounding
watersheds are among the least developed in the
Gulf of Maine. A small number of commercial
fishermen continue toharvest smelt and
tomcod using gill nets and bag nets in a locally
important and unique heritage fishery: a fishery
which once extended well beyond the
region into the southern range of the species.
Fishermen have worked closely with staff and

volunteers of the Downeast Salmon Federation
and with multiple agencies and municipalities to
protect, study, and maintain this fishery over
many years. We have been working to
document the history of the fishery and also to
study the status of the population to help us
better maintain the commercial fishery. Water
guality and fish health monitoring, habitat
restoration and protection and other conservation
measures are underway. Results of some of the
past efforts and descriptions of the ongoing work
will be summarized.

Evaluation of rainbow smelt passage in a nature-like fishway

Marie Clément', Jean-Baptiste Torterotot> Normand Bergeron?,
Francois Plante’, and Daniel Caissie*
1Department of Fisheries and Oceans Canada, Moncton, NB, Canada.
INRS-Centre Eau Terre et Environnement, Québec, QC, Canada.

Fishways are currently being designed,
constructed, or modified to remediate habitat
fragmentation in streams and to accommodate
flow limitations. These structures have been
principally designed to ensure anadromous
salmonid passage wusing a conventional
engineering approach (Larinier 1998). Recently,
however, there has been increasing interest in
multi-species passage (Lucas and Baras 2001,
Haro et al. 1999). In many countries, there is
currently a shift from the more conventional
fishways conception toward nature-like fishways
which simulate natural streams (Schmutz et al.
1998, Katopodis et al. 2001, Santos et al. 2005,
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Calles and Greenberg 2007). However, the
efficiency of these structures remains largely
unknown (Calles and Greenberg 2005).

To allow multi-species passage, the design
and hydraulic characteristics of fishways should
be determined according to the most demanding
species (Larinier 2002). Rainbow smelt
(Osmerus mordax) is an anadromous species
with reduced swimming capacity (Katopodis and
Gervais 1991). It is commonly assumed that
smelts cannot successfully ascend fishways and
that even small obstacles (e.g. woody debris,
cascades) can impede their migration to
spawning grounds (Moring 2005). Because of



its poor swimming performance, rainbow smelt
is a good indicator species to determine the
passage efficiency of fishways.

In recent years, the ascent of smelts has been
observed in some fishways in Prince Edward
Island (Canada). To confirm these observations,
we initiated a research project to scientifically
guantify the efficiency of smelt passage in a
nature-like  fishway (pool-and-weir  type)
constructed in the Pisquid River (Fig. 1a). The
fishway was designed for passage of salmonids
and was composed of five weirs (Fig. 1b), with a
slope of 2.3%. The drop in elevation between
weirs ranged from 0.113 m to 0.258 m (Table 1).
The length of the fishway was 53.5 m and the
average bankfull width was 10 m.

In 2009, a stationary half-duplex Passive
Integrated Transponder (PIT) system (Prentice et
al. 1990) composed of four antennas was
installed in the fishway (Fig. 1b). These four
antennas were custom made and tuned
specifically for the dimensions and flow
conditions of the fishway (detection range of
approximately 0.95 m). Each antenna was laid
on the riverbed and positioned across the river in
order to span the entire wetted width. One
antenna was located downstream of the fishway
to record tagged-fish that were approaching the
fishway (Antenna 1; Fig. 1b). A second antenna
was installed upstream of the first weir to
determine if tagged fish successfully entered the
fishway.  The third antenna was located
upstream of the last weir to determine whether
tagged fish successfully navigated the entire
fishway length. The fourth antenna was located
upstream of a riffle (30 m long) above the
fishway to determine if the riffle (slope of 1.7%)
was itself an impassable barrier. Transponders
(23 mm, 0.6 g) were surgically implanted in the
abdominal cavity of 465 smelts (230 males, 235
females) captured and released downstream of
the fishway. To determine if the fishway was
size selective, these 465 tagged smelts were
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distributed within 3 size categories: 1) small,
fork length < 155 mm (n = 181); 2) medium,
155 mm < fork length < 180 mm (n = 164); and
3) large, fork length > 180 mm (n = 180).

The smelt migration was initiated when
water temperature reached 4.5°C (April 15,
2009) in the Pisquid River. The migration was
bimodal and the second peak occurred when
water temperature reached 8°C (April 23, 2009).
Overall, 74% of smelts randomly sampled
downstream of the fishway were male and 26%
were female. Age was determined on a random
sub-sample of 138 individuals and was
composed of four age-groups (age 2 to 5) with
the majority (86%) of the fish being age 2 and 3
years.

During the experiment, 60 smelts were PIT
tagged and retained in a live-box to estimate tag
retention and tagging mortality. Sixty unmarked
smelts were retained in a similar live-box as a
control. From April 15 to April 28, 2009, tag
retention was 100%. However, 9 of the 60
(15%) tagged fish did not survive, whereas no
mortality was observed in the control group. At
least 6 of these mortalities were females. Due to
an error in data processing, it was not possible to
determine the sex of the remaining 3 mortalities.
We believe that the mortality rate (15%)
observed in the controlled experiment is of
concern, but it does not compromise the overall
reliability of this study as most of the tagged fish
survived the surgical manipulations.
Nonetheless, the effects of tagging on swimming
performance remain unknown.

A large number of detections (n = 1042)
were observed on the antennas of the PIT-
system installed on the fishway. Of these
detections, some were consecutive detections of
the same fish at a specific antenna. After
removing the consecutives detections, 539
detections, corresponding to 213 different
individuals, were recorded between April 16 and
30. High spawning activities were observed



downstream of the fishway and tagged smelt
may have spawned downstream of the structure
without attempting to migrate upstream.
Therefore, calculations related to the percent of
fish that navigated the fishway were based on
the number of fish that approached the fishway
and were detected at Antenna 1 (i.e., n = 213
smelts). Of the smelts that approached the
fishway, 50% crossed over the first weir and
entered the structure (detected at Antenna 2).
Six percent of these smelts successfully
navigated the entire structure and the riffle
located upstream of the fishway (detected at
Antenna 4). The highest number of detection
(109 detections) was recorded when water
discharge decreased to 1.3 m%/s (April 21, 2011;
Fig. 2). Smelt movements nearly ceased (6
detections) when water discharge increased
above 2.5 m*/s (April 23, 2009).

Males were the predominant sex that
approached (60%), entered (69%) and navigated
the entire fishway (83%; Fig. 3a). However,
these results are slightly influenced by the fact
that females experienced a higher tagging
mortality. There was also a tendency for larger
fish to be detected more often than smaller ones
on all four antennas (Fig. 3b). Four of the six
fish that successfully negotiated the entire
fishway were from the large size group (> 180
mm).

Field observations suggested that smelts
progressed through the fishway by a sequence of
“sprints” that were followed by resting behind
large rocks. When possible, the smelts selected
slower flow paths located near the river banks.
Smelt progression within the fishway seemed to
almost come to a halt downstream from Weir B
(Fig. 1b). This observation suggests that Weir B
was especially difficult to pass for most fish,
presumably due to the difference in elevation
(0.258m; Table 1) and higher water velocities.
In comparison to Weir B, the downstream weir
(Weir A) offered more slow flowing water paths
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along the stream edge which appeared to
facilitate smelts passage.

Contrary to the general belief that smelt
cannot navigate through fishways, we confirmed
that a portion of the tagged smelts can
successfully navigate through a nature-like
fishway which was designed to accommodate
stronger swimmers, (i.e. salmonids).
Considering the large number of fish during the
migration period, this small percentage still
represents a significant number of individuals
able to navigate through the fishway. Visual
observations of smelts above the fishway
suggest that they were able to reach additional
spawning grounds, which could reduce egg
mortality due to overcrowding (McKenzie

1964).
The effects of tagging on swimming
performance remain unknown and further

research is required. For example, the use of
smaller PITs (13 mm) will most likely reduce
potential effects of tagging on migratory
behaviour of smelts. Although only a small
percentage of smelts successfully navigated the
entire fishway, it is anticipated that conducting
small modifications to the structure along the
stream edge would considerably increase smelt
passage. Tracking marked smelts with a mobile
PIT detection unit would allow specific passage
locations to be determined. Measuring hydraulic
conditions at locations of passage is necessary to
better understand the passage requirements of
smelts in fishways.
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Table 1. Drop in elevation at each weir of the fishway.

Weir Drop in elevation (m)
E 0.255
D 0.113
C 0.258
B 0.258
A 0.124
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Figure 2. Temporal variations of the daily number of detections (n = 539) (a) and river discharge in Pisquid River

(b).
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Laboratory marking of anadromous rainbow smelt embryos and larvae and
the implications for restoration
Matthew H. Ayer*, Scott P. Elzey, and Bradford C. Chase
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The decline of anadromous rainbow smelt
(Osmerus mordax) in Massachusetts throughout
the last few decades has increased the need to
develop practical restoration practices. The
decrease in populations has been linked to
declining water quality, overfishing, and habitat
alteration. Recent improvements to water quality
and spawning habitat of individual coastal rivers
and streams have prompted the development of
restoration practices for rainbow smelt.
Successful marking and subsequent recapture of
hatchery stocked smelt is critical to quantifying
effectiveness of restoration efforts. Utilizing
recent advances in smelt culture techniques, this
study developed methods for marking otoliths in
rainbow smelt. The first experiments examined
the marking of smelt embryos with buffered
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oxytetracycline hydrochloride (OTC), while
subsequent experiments examined the use of
OTC for marking larvae.

Adult smelt in spawning condition were
captured from a coastal Massachusetts river and
transported to a Division of Marine Fisheries
(DMF) facility and were strip-spawned in the
laboratory (Ayer et. al 2005). There were two
experiments in 2006 to mark eyed rainbow smelt
embryos:  the  first  experiment  used
concentrations of 500 and 1000 mg/L OTC with
controls while the second used 1500 and 2000
mg/L OTC with controls. Each experiment used
a 24 hour immersion of embryos in one of the
specified treatments.

In 2007, two experiments were conducted
using larvae 2-3 days post hatch. The first



experiment used concentrations of 250 and 500
mg/L OTC with controls and the second used
750 and 1000 mg/L OTC with controls. Each
experiment used a four hour immersion of larvae
in one of the specified treatments. Hatched fish
were enumerated for the embryo experiments,
and mortality of the larval experiments was
recorded. Fish were retained and reared in a
recirculating water system in the laboratory. At
regular intervals, fish were sampled for up to 12
months to examine otoliths for the persistence of
an OTC mark under ultraviolet light.

The survival of embryos and larvae for all
experiments was not significantly different for
all treatments as compared to controls. The 2006
experiment that examined higher concentrations
(1500 and 2000 mg/L) of OTC on embryos was
discontinued after 24 hours, once it was
observed that some of the OTC came out of
solution and coated the embryos. Otoliths from
larvae marked as eyed-embryos with 500 and
1000 mg/L OTC displayed distinct fluorescent
marks when compared to controls for up to six
months after marking. Upon examination one
year after marking, no discernible marks could
be found. The otoliths from larvae marked with
250, 500, 750 and 1,000 mg/L OTC all
displayed visible fluorescent OTC marks upon
initial  examination. At the six-month
examination, the 250 mg/L OTC marked otoliths
had no discernible marks while the 500, 750,
and 1000 mg/L OTC marked otoliths had clearly
visible marks. Upon examination of the 500,
750, and 1000 mg/L OTC marked otoliths after
one vyear, all treatments displayed visible
fluorescent marks.

After determining the most effective method
for marking smelt otoliths, batches of 50,000-
200,000 smelt larvae were marked and released
into the Crane River, Danvers, MA, at a
documented smelt spawning site during spring
months from 2007-2011. Returning adult
rainbow smelt were captured during the
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spawning run in the Crane River during fyke net
sampling beginning in the spring of 2008. All
captured adult smelt were retained and their
otoliths were removed and examined under
ultraviolet light for the presence of an OTC
mark. There were 94 adult age-1 smelt captured
in the spring of 2008, and of those, there were
14 fish with OTC marked otoliths (~15%).
During the spring of 2009, there were 52 age-1
and age-2 fish captured; of those only three were
marked and all three were age-2 fish.

Although there has been little success in
marking finfish embryos, it has been successful
for both Ayu (Plecoglossus altivelis)
(Tsukamoto 1987) and coregonid fishes
(Dabrowski et. al 1986). The possibility of
marking eyed embryos would allow for a greater
ease of working with non-motile individuals
compared to hatched and free-swimming larvae.
Although larvae hatched from embryos marked
with OTC retained a fluorescent mark for over
six months, when the otoliths were examined
after one year, no marks were discernible. The
retention and subsequent detection of the OTC
mark after at least one year is essential for the
monitoring of restoration practices with rainbow
smelt.

The mass marking of larval fish with OTC
has been successful for many different species
including striped bass (Morone saxatilis) (Secor
et. al 1991) and walleye (Sander vitreus)
(Brooks et. al 1994). These experiments also
found marking larval smelt with OTC to be
successful in producing long-term marks on
otoliths. The decision was made to use the
lowest concentration of OTC (500 mg/L) that
produced a clearly visible mark on otoliths after
one year to keep costs to a minimum and to limit
exposure of large numbers of smelt larvae to
higher OTC concentrations.

The small numbers of returning marked
smelt were received by DMF as signs of success.
Recapture of spawning adult smelt with OTC



marked otoliths during 2007-2009 spurred DMF
to continue stocking and monitoring at the river.
Overall, more than 10 million marked rainbow
smelt larvae have been stocked into the Crane
River since 2007. New restoration sites for
rainbow smelt are being examined and sampled
for baseline population data before beginning
any stocking. Site suitability assessments must
be completed at any possible restoration site
before large-scale stocking efforts begin and
long-term post-stocking monitoring should be
performed to demonstrate stocking success.
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The rainbow smelt restoration plan for the St. Lawrence estuary:
Where are we eight years later?

Guy Verreault, Guy Trencia and Michel Legault
Ministére des Ressources naturelles et de la Faune, Québec
186, rue Fraser, Riviere-du-Loup (Qc) G5R 1C8, Canada. Guy.Verreault@mrnf.gouv.qc.ca

In the St. Lawrence estuary (Canada),
anadromous rainbow smelt (Osmerus mordax)
colonize almost all coastal salt- and brackish
waters in the estuary and the gulf. Up to five
genetically distinct populations have been
identified so far, and the one restricted to the
south shore of the estuary was listed as a
vulnerable population in 2005. This listing
followed a sharp decline in abundance and
abandonment of three major spawning
tributaries. At that time, only three spawning
tributaries were still active, but water quality and
river habitat were deteriorating rapidly.

To reverse the trends, managers and
stakeholders developed a restoration plan. A
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team composed by governmental agencies,
universities and non-governmental organizations
was set up to increase collaboration, share
information, and coordinate efforts among
members. To support these objectives and fill
information gaps, research was first identified as
a major objective, and research activities were
implemented to gain specific knowledge on
smelt ecology, habitat needs and population
dynamics. A total of 25 actions were identified,
ranked by priority and order of execution, and
shared among members of the team.

Water quality restoration, spawning habitat
rehabilitation and fishing mortality reduction
were identified as major objectives. Performance



measures for every restoration activity were
implemented. Specifically, monitoring programs
were standardized for spawning run sampling on
one tributary (Fouquette River), egg deposit
index on all spawning tributaries, larval rainbow
smelt trawling in two nurseries, creel surveys for
summer and winter recreational fishery and
monthly sampling for water quality on every
active and deserted spawning river. Annual
assessment for these monitoring activities is
routinely done during a statutory annual meeting
where progress towards restoration objectives is
measured and discussed.

Protection of remaining active spawning
rivers and restoration of the ones previously
used were considered to be the highest priority
restoration goals, and watershed management
was implemented on those tributaries to improve
water quality. Involvement of landowners,
mainly farmers, was a key issue for decreasing
nutrient loading. Phosphorus was targeted as the
main nutrient of concern because it can cause
rapid periphyton growth during the smelt
spawning season. New agricultural practices and
municipal sewage treatment were successfully
implemented. After 12 years, a 20-fold decrease
in phosphorous concentration was measured on
the Fouquette River, and water quality is now
more conducive to rainbow smelt spawning.

Spawning run monitoring enables
measurements of adult stock morphological
parameters and relative abundance. Standardized
sampling procedures performed on a spawning
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tributary for 19 years give accurate information
on one of the most vital stages for recruitment.
Data gathered from spawners (CPUE, age,
fecundity) were integrated into a Spawning
Stock Index (SSI) so that stock composition and
abundance could be tracked annually (Fig. 1).
The SSI shows that the stock is composed
mainly  with individuals at their first
reproduction, with the mean age at maturity
being 3.1 years.

An important decrease in abundance was
noted after 2000. This decline is correlated with
an increase in popularity of the winter
recreational fishery on the St. Lawrence south
shore. Further studies on population dynamics
estimated that recreational fishing mortality
(commercial fishing was already closed)
represented approximately % of total mortality
(Z= 1.33). In 2007, the daily catch limit was
reduced by half, from 120 to 60 rainbow
smelts/fisherman/day.

All these efforts have begun to pay off.
Water quality increased on active spawning
grounds, and two once-deserted spawning
tributaries have now been active for a few years
and are contributing to recruitment. Adult
abundance has increased slightly, and the mean
age of the stock is increasing. Although these
encouraging observations remain fragile, it
proves that restoration objectives can be
achieved and declining trends reversed with a
team approach.
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A historical view of anadromous rainbow smelt populations and fisheries in
the eastern United States
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Smelt fishing on the Parker River in Newbury, MA (Photo by O. P. Gould in G.O. Shield 1897).

Introduction

The rainbow smelt (Osmerus mordax) is a
prized table fish that has cultural, ecological, and
economical importance along its native range
from Virginia to the Canadian Maritimes. Smelt
fisheries were prominent in numerous coastal
communities on the East Coast of the U.S. until
the latter half of the 20™ century. Populations in
the Southern range have gradually declined and
appear to have been recently extirpated. Their
occurrence between the Hudson River and
Southern New England has become rare, and the
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southernmost location of a recently documented
smelt spawning run is the southern coast of
Massachusetts.

We reviewed available historical information
regarding smelt harvests, fishing interest, and
market demand for smelt throughout the Eastern
U.S., and have provided a summary of these
findings by state. The focus is on the mid-
Atlantic and Northeastern U.S. smelt stocks
where significant changes have occurred to
anadromous smelt populations. The following
causal factors linked to the historical decline are
summarized: 1) coastal river dam creation, 2)



fishing, and 3) industrial water pollution. This
summary offers a historical perspective on this
important recreational and commercial fish, and
discusses present threats and challenges.

Historical Fisheries and Present Condition

Mid-Atlantic States: Once supporting small
fisheries, now extirpated. Numerous historic
smelt range estimates include Virginia (Goode
1884 in Kendall 1927; Bigelow & Schroeder
1953), Maryland and Delaware (Robins & Ray
in Collette & Klein-MacPhee 2002), however,
limited information is available regarding
fisheries in these states. In 1833, smelt were
plentiful in New Jersey with “wagonloads” of
smelt harvested in Newark Bay (NY Times 1881
in Fried and Schultz 2006). Yet by 1849, the
New Jersey populations were noticeably
declining. The last commercial catch of smelt in
New Jersey was reported in 1921(Fried and
Schultz 2006). The once prominent smelt
fishery of New York was no longer considered
commercially viable as early as 1887 (NY times
1881, Mather 1887, Mather 1889; in Fried and
Schultz 2006); the last reported commercial
catch of smelt was in 1962 (Fried and Schultz
2006). Survey efforts conducted by New York
State Department of Environmental
Conservation last detected smelt in the 1980’s
(C. Hoffman, New York State DEC, pers.
comm. Sept. 2010).

New England: Declining populations still
support a strong cultural heritage and limited
fisheries. The peak catch of smelt in Connecticut
was in 1880 with 27,000 Ibs; smelt harvest in the
state steadily declined with limited harvest since
1930 (Fried and Schultz 2006). In 2003, Fried
and Schultz (2006) sampled for smelt in
Connecticut using weirs, fyke nets, gill nets and
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ichthyoplankton tows with no rainbow smelt
detected, but a seine survey yielded only nine
adult smelt in one river system. Since 2008,
rainbow smelt have been listed as endangered in
Connecticut. Rainbow smelt harvests in Rhode
Island have also steadily declined since 1880.
Since 1965, there has been nearly zero harvest
recorded (Fried and  Schultz  2006).
Massachusetts’ commercial smelt harvests have
also declined for at least the past 90 years. Fried
and Schultz (2006) summarized federal
commercial catch rates and noted three peaks in
Massachusetts harvest, 1879 with 35,000 Ibs,
1919 with 39,000 Ibs, and 1938 with 25,000 Ibs.
Larger catches were likely during spawning run
net fisheries prior to the 1870s but were poorly
documented (Kendall 1927). Today in
Massachusetts there is limited recreational catch
and insignificant commercial harvest.

Peak commercial catch of smelt in New
Hampshire was between 1940-1945, with an
estimated 150,000 Ibs/yr harvested (Fried and
Schultz 2006). Commercial harvests in New
Hampshire have diminished since 1987 (Fried
and Schultz 2006), but an active recreational
smelt fishery remains. Like New Hampshire,
there was a prominent commercial smelt fishery
in Maine, but as early as 1869 it was evident that
the Maine smelt populations were declining
(Atkins 1869 in Kendall 1927). In the late
1800’s annual catch rates for Maine were over a
million lbs/yr, but after the 1940’s, commercial
catch for smelt dropped off (Figure 1). Today
limited commercial catch is recorded with a total
of 3,803 Ibs harvested over a 4 year period
(2006-2009) (Maine commercial landings data).
Recreational smelt fishing remains popular and
is an important part of the recreational fishing
economy in Maine.
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Figure 1. Maine commercial smelt catch in pounds from 1887-2010 (Squiers et al. 1976 and NOAA Fisheries

2011).

Historical Threats

Causal relationships to smelt population
declines have not been easily demonstrated.
Establishing causal responses is complicated by
the absence of population data and poor early
harvest records. The history of land use in the
region indicates that the following causal factors
are likely primary influences on the historic
smelt population decline: dam creation, water
pollution in river systems, and overfishing
(Limburg & Waldman 2009). These causal
factors are believed to have remained a chronic
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stressor to local populations for at least 100
years. Alterations to urban watershed hydrology
and climate change are two potential influences
that have received less attention than the listed
causal factors yet could exert significant
consequences on smelt distribution and
recruitment.

Dams. Historic coastal river dam creation
was likely the most readily identifiable negative
impact on smelt migrations to their spawning
habitat. Dams built near the head of tide have
reduced the amount of available spawning
habitat. Dams may also impact smelt recruitment



by reducing embryo survival through crowding
and the effects of increased salinity (Baird 1967
in Collette & Klein-MacPhee 2002). Although
common in New England, there is limited
documentation of when, where, and the number
of dams that were installed. Today, in
Massachusetts alone there are at least 99 head of
tide dams in place (pers. comm. A. Bilbo-Miles
Massachusetts Office of Dam Safety September
2010).

Water pollution. Water pollution was another
chronic stressor on smelt populations across the
Northeast. As early as 1867, river water
pollution in Connecticut was noted as the
“principal cause of declining catches of all fish
species” (The Connecticut Fish Commissioners
1867 in Fried and Schultz 2006). Squiers et. al.
(1976) noted that after 1945 there was an
increase in water pollution in rivers which likely
contributed to declines in smelt populations in
Maine. Chronic industrial point sources have
declined in the US in the decades following the
1972 passage of the Clean Water Act. Recent
monitoring in Massachusetts has raised concerns
over non-point impacts, particularly related to
acidification and eutrophication in urban
watersheds (Chase 2006).

Overfishing. The fishing pressure during
smelt spawning runs before 1850 may have
exerted high mortality on smelt populations.
Seine, dip net, and weir fishing were three
common highly productive methods of smelt
harvest. A single haul of a seine net could yield
up to 6,700 pounds of smelt (The report for the
Commissioner of Fisheries in Massachusetts
1869 in Kendall 1927). By 1868, dip netting

and seine netting was prohibited in
Massachusetts (Kendall 1927). Limited
information is available on the role of
overfishing in the decline of Maine’s

commercial harvest (Figure 1).
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Conclusion

Major changes have occurred in anadromous
populations of smelt throughout the East Coast
of the U.S. The southern end of the range
moved dramatically northward in the 20"
century. Total harvests have declined
substantially in this period. Overfishing does
not seem to be a major influence in the spatial
changes or stock conditions of recent decades.
The influence of watershed alterations on water
guality and stream flow at spawning and
estuarine habitats remains a significant concern.
Environmental influences on stock recruitment
could be important stressors exacerbated by the
impact of climate change and the resulting
changes in ocean temperature, pH, and
circulation. Currently the southernmost viable
population of anadromous smelt on the East
Coast appears to be located in Buzzards Bay,
south of Cape Cod.
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The Penobscot Estuarine Fish Community Survey: An overview with
rainbow smelt (Osmerus mordax) monitoring components

Justin Stevens*, Mike O’Malley, Rory Saunders, Christine Lipsky, John Kocik, Larry Shaw
NOAA Northeast Fisheries Science Center, Orono Maine Field Station
*Justin.Stevens@noaa.gov

Introduction

The Penobscot ecosystem allows for a unique
opportunity to monitor estuarine responses to
major upstream river restoration projects
including main-stem dam removal, active
diadromous species population enhancement,
and habitat improvement projects. There is also
a growing need for fishery scientists and
managers to understand interactions between
freshwater, diadromous, and marine species
within the complex estuary habitat. Therefore,
we are developing the Penobscot Estuarine Fish
Community Survey, which is part of the wider
Maine Estuaries Diadromous Survey. The
primary aim of the former is to describe the
spatial and temporal distribution of fish in the
Penobscot estuary by implementing a
comprehensive fishery-independent survey. The
survey will be developed using a combination of
fish capture and remote sensing gears with
collective environmental and habitat monitoring.
We anticipate rainbow smelt (Osmerus mordax)
to have an integral presence in the Penobscot
estuary and that our monitoring will better
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describe population dynamics and life history
variation that is currently poorly documented.

Methods

In 2010, we used 18 and 45 m long beach
seines made of 5 mm nylon delta style mesh.
The seines were 1.8 m and 2.4 m high
respectively with a tapered bag of 5 mm mesh in
the mid-point of the net. The shorter (1.8 m)
seines were abandoned early in the sampling
season due to low capture rates. Nets were
made with a weighted footrope and buoyant
floats on the head rope. Wooden poles were
lashed to the ends of each seine to aid in net
retrieval. Each of 12 sites, (8 upper estuary
(Figure 1) and 4 lower estuary (Figure 2)), was
sampled weekly at approximately slack low tide
from August through November.

The two sized fyke nets, 1 m and a 2 m
mouth, were constructed of successively smaller
square metal tube frames that were surrounded
with mesh net (0.6 cm for small, 1.9 cm for
large). Two 9.1 m wings extended from the
opening of each fyke at an angle of



approximately 30° when set and have an
optional central lead net of 9.1 to 18.2 m. The
wings and lead had a weighted footrope with
buoyant floats on the head-rope and are of the
same height as the fyke itself (either 0.91 m or
1.83 m high). Each net had two throats tapering
to a semi-rigid opening of 12.7 cm for the small
net and 45.7 cm for the larger net and emptied
into a rearward cod-end. Nets were set in
conjunction with beach seine sampling and were
fished at approximately 6 hour intervals
corresponding with a tidal cycle (flood to ebb or
ebb to flood).

Results

We conducted 148 seine hauls and 7 fyke net
sets from August 3 through November 2, 2010.
This resulted in the capture of over 19,000
individuals comprised of 45 fish and
invertebrate species. Most numerous in our
samples were common mummichog (Fundulus
heteroclitus) and Atlantic silverside (Menidia
menidia) representing 35% and 30% of the
catch, respectively. Invertebrates were numerous
in our catches (25% total catch), represented
mostly by  sand shrimp (Crangon
septemspinosa). We captured 290 rainbow
smelt (Osmerus mordax) young-of-year (YOY)
and 1 adult, all in the beach seines. Rainbow
smelt represented 1.4% of the individuals
captured during sampling but were present in
20.9% of beach seine hauls. Catch per unit
effort (CPUE) (catch per seine haul) ranged
from 1 to 8.4 in the lower estuary, and
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abundance was greatest on September 15.
CPUE ranged from 0 to 18.25 in the upper
estuary with a peak on October 28 (Figure 3).
Mean total lengths for YOY ranged from 48 to
68 mm in the lower estuary and 46 to 60 mm in
the upper estuary (Figure 4).

Conclusions — Future work

In 2011, we plan to continue sampling with
beach seines at our established index site,
expand our fyke net sampling, and add new
gears such as pelagic trawls and hydroacoustics.
Our 2011 goals are to sample using the various
gears from April through November to
encompass as much of the diadromous migration
season as possible. The 2010 and 2011 scoping
effort will allow for the refinement of sampling
design to be implemented in 2012 and beyond.
We anticipate main-stem fyke net and trawling
efforts will document relative abundance and
timing of adult rainbow smelt during their
spawning migration. Similarly, beach seining
efforts will document relative recruitment
success and juvenile emigration timing. We
envision our efforts to be refined over time in
order to create a long-term and robust data set.
We also foresee substantial opportunities for
collaboration with state and academic entities in
continuing efforts to understand diadromous fish
populations and their link to the estuarine
environment.
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Out on the ice — sampling Maine’s recreational winter smelt fishery on the
Kennebec River and Merrymeeting Bay

Claire Enterline* and Chris Uraneck
Maine Department of Marine Resources
*Corresponding author: Claire.Enterline@maine.gov

Ice fishing on frozen tidal rivers is a long
standing tradition in New England. In Maine,
industrious entrepreneurs have made a seasonal
business by setting up and renting out hundreds
of small ice-fishing shacks for recreational smelt
fishing on the Kennebec River and
Merrymeeting Bay. These groups of shacks
(camps) make up a large proportion of fishing
pressure on the river during winter months.
Although camps must acquire a state license
each season, fishermen and camp owners are not
required to report any of their catch information.

While small ice fishing shacks appear on
most frozen rivers and streams in the state from
late December to March, only the Kennebec
River and Merrymeeting Bay have commercially
operated camps (Figure 1). A smelt camp may
manage anywhere from 15 to 100 shacks each
year. At these camps, anglers can rent a shack
with all equipment included for one or more
tides. Because of the popularity and ease of
fishing a single tide, people are fishing for smelt
out of the Kennebec River and Merrymeeting
Bay waters twenty-four hours a day during the
winter months.

Adopting sampling methods currently used
by the New Hampshire Fish and Game
Department (NHFG; NHFG Progress Report
2009) and methods used in a 1979-1982 study
conducted by the Maine Department of Marine
Resources (DMR; Flagg 1983), DMR again
began conducting creel surveys in 2009. As part
of this survey, DMR staff visited participating
camps two or three times per week on a rotating
basis to collect biological information about the
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recreational catch. All anglers at the camp who
were fishing during a specific tide were
interviewed, although some anglers declined the
interview. Staff measured smelt to the nearest
millimeter, determined sex, and collected scale
and fin clip samples from all retained fish. A
sub-sample of adult smelt was collected for toxic
contaminants analysis to update intake and
health advisories. The number of anglers, fishing
hours, and the number of fishing lines used was
also recorded.

Comparing data from the Maine DMR 1979-
1982 study (Flagg 1983) to preliminary data
collected 2009-2011, the recent survey found a
slightly lower catch-per-unit-effort (CPUE),
however with higher inter-annual variability
(Table 1). CPUE was calculated as total number
of smelt caught per line-hour of fishing. Annual
fluctuations in CPUE occurred in both surveys,
but the recent survey had the lowest CPUE
recorded (0.1662) during the two time series.

The mean length differed significantly
between males and females within each year of
the 2009-2011 survey (t-test p < 0.0001 < 0.05
in all cases) as well as between the years for
each sex (ANOVA p < 0.0001 < 0.05 in all
cases) (Figure 2). Mean length increased more
than 10 cm for both males and females from
2009 to 2010 while the CPUE decreased from
0.7278 to 0.1662. This indicated a potential
problem with a younger age class in 2010. In all
years, the mean sex ratio (M:F) was fairly even
and did not differ significantly between years
(2009=1.61; 2010=1.53; 2011=1.52).



Catch card boxes were also posted at each
camp for fishermen to voluntarily report
information about their total smelt catch and any
bycatch; responses varied widely between sites
and between years. There were 122 responses in
2009, 6 in 2010, and 37 in 2011 from catch
cards for all camps combined. The low response
in 2010 could be attributed to negative response
by anglers to the impending recreational Salt
Water Fishing License, which was undergoing
state public hearings during the fishing season. It
is our hope that with continued interaction with
anglers and camp owners that the number of
responses will increase. Despite the low number
of responses in 2010, the catch cards still
reflected a decline in catch from 2009 to 2010,
and increase again in 2011 (mean catch 2009 =
116; 2010 = 45; 2011 = 139). This trend was
also evident in the creel survey data.

An age-at-length key is currently being
developed to compare the age composition of
the current population to that of the 1979-1982
survey and the NHFG surveys. Monitoring will
continue at the smelt camps to develop a long-
term dataset to understand more about inter-
annual variability and changes in the population.
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Table 1. Catch per unit effort (CPUE) observed during the rainbow smelt winter creel survey in Maine (1979-
1982, 2009-2011).

Tatal Catch#  Total Effart as CFLUE
Year of Smelt Line-Hours | (Smelt per Line-Hour)
1979 452,904 576,434 0.7857
1980 197.853 356,850 05560
1981 245,159 566,750 0.4326
1952 405,553 550,205 07372
2009+ 13563 1859 07278
2010+ 37z 2238 0.1662
2011* 2305 4274 0.5393
19791982 Combined | 1.301.538 | 2,049,269 0.6351
2008-2011 Combined | 4030 | 8371 0.4814
*Preliminary data notto be reported without permission by DMBE
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Figure 2. Frequency at length in centimeters of males and females observed during the rainbow smelt winter
creel survey in Maine (2009-2011). Plots show the frequency at length in centimeters by year. Frequency by sex
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is separated in each year plot, males are shown by a solid line and females by a gray dashed line. The mean
length differed significantly by sex within each year as well as between years.

Using otolith microchemistry to distinguish rainbow smelt larvae from
different natal rivers

Anne-Lise Fortin**, Pascal Sirois' Michel Legault?
YUniversité du Québec a Chicoutimi, Département des sciences fondamentales
Ministére des Ressources Naturelles et de la Faune, Direction de I’expertise sur la faune et ses
habitats, Québec
*Corresponding author: anne-lise_fortin@ugac.ca

The St. Lawrence south shore population of
rainbow smelt (Osmerus mordax) spawn in four
known locations (Riviére du Loup, Riviére
Fouquette, Riviere Ouelle and Ruisseau de
I’Eglise). It is important to distinguish the origin
of larval smelt in order to evaluate the
contribution of each river to the natural
population in the St. Lawrence estuary. The
general objective of this study was to evaluate
the use of the otolith microchemistry method for

distinguishing the origin of rainbow smelt larvae
from different natal rivers. The otolith core from
rainbow smelt larvae from four spawning sites
were analysed with a solution-based inductively
coupled plasma-mass spectrometry (ICP-MS). A
discriminant function analysis based on the
concentrations of the most important trace
elements in the otolith will be used to separate
the larval smelt into their natal river.

Gene flow between anadromous and freshwater
rainbow smelt (Osmerus mordax)

R. Campbell, C. Chipman, A. Cundy, S. Derrig, L. Fournier, T. Gelineau, A. Gordon, N. Hinds, P.
Mccann, A. Walker, and E. Williams.
Advisors: Ehrenfeld E, Tarbox B*
Southern Maine Community College, Portland
*Corresponding author: BTarbox@smccme.edu

Five microsatellite loci were used to estimate
gene flow between anadromous rainbow smelt
(Osmerus mordax) from Casco Bay, Maine and
Sebago Lake, Maine. Sebago Lake is drained by
the Presumpscot River which flows into Casco
Bay. The river has been dammed since the early
18™ century. A stock enhancement project
transferred 10,000,000 anadromous smelt eggs
taken from Casco Bay fish into Sebago Lake
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over a five year period from 2002 to 2006. Gene
diversity indices calculated using Fstat software
are consistent with limited gene flow between
populations ( Fy¢ = 0.035, Gg= 0.017, Ry =
0.079). Cluster analysis indicates that the
direction of gene flow was from Casco Bay to
Sebago Lake.



Microsatellite analysis & MHC 2a of rainbow smelt,
Osmerus mordax, in the Pleasant River Watershed

K.D. VanGorden, and G.P. Zegers*
University of Maine at Machias
*Corresponding author: gzegers@maine.edu

Rainbow smelt, Osmerus mordax, is an
economically important fish for the Downeast
fishing industry as well as being a major food
source for many other species in the area,
including Salmo salar. We will use
microsatellites and other genetic markers to
determine if population structure exists in the
Pleasant River watershed. We will use the
tetranucleotide microsatellite primers that were
found in existing literature. ~ Samples were
collected from four rivers during the 2010

season: Pleasant River (47 individuals),
Narraguagus River (54 individuals), Harrington
River (30 individuals), and East Machias River
(2 individuals). Although microsatellites are
polymorphic among our samples, a preliminary
survey using a major histocombatibility complex
(MHC) marker suggests that our samples are
monomorhphic. In contrast, a sample of 24
Atlantic salmon from the Pleasant River had
four alleles at (we believe) the same locus.

Improving methods to accurately age rainbow smelt (Osmerus mordax)

Claire Enterline*', Anne Simpson,* Scott Elzey,” Jessica Fischer®
'Maine Department of Marine Resources
Massachusetts Division of Marine Fisheries
*New Hampshire Department of Fish and Game
*Corresponding author: Claire.Enterline@maine.gov

Introduction

Regional collaborations to study the decline
of anadromous rainbow smelt (Osmerus
mordax) have prompted state fisheries managers
in Massachusetts, New Hampshire, and Maine to
standardize ageing methods. The development
of digital imaging wusing video-mounted
dissecting microscopes enables us to archive
images, share reference collections, cross-train
staff, and compare ages. We compared scales,
otoliths, and finrays and refined cleaning
methods to develop a standard protocol. We also
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began to test validation methods that can be
easily transferred between states.

Rainbow smelt have large scales that can be
easily collected with little known mortality.
Smelt have a relatively short life span, living up
to six years but more commonly to three years.
Annuli on smelt scales are visible as bright scars
and can be easily differentiated from inter-
annual circuli  (McKenzie 1958). Previous
efforts to age anadromous rainbow smelt and
develop mortality estimates have exclusively
used scales (Bailey 1964, Ivanova 1982,
McKenzie 1958). A study of freshwater smelt



found higher ageing precision using finrays
compared to otoliths (Walsh et al. 2008).

Protocol methods

We sample anadromous rainbow smelt
annually as part of two studies to monitor the
species in the Gulf of Maine. In Massachusetts,
New Hampshire, and Maine, we collect smelt at
18 spawning sites annually. In New Hampshire
and Maine, we also collect scale samples 1-3
times a week as part of annual creel surveys of
the winter recreational fisheries. All smelt
caught are sexed and measured to the nearest
millimeter and the total catch recorded. We
collect scales from up to 20 fish per sex per
centimeter size bin (10cm, 1lcm, 12cm, etc.)
over the course of the season. Because the age at
length may change over the run, we typically
collect 5 scale samples per sex per size bin per
week. Scales are taken from the side of the fish
midway between the lateral line and the base of
the dorsal fin.

When collected, scales are covered by a
partly-transparent mucous membrane that can
obscure annuli and lead to erroneous age
assignments, particularly for higher ages.
Although the annuli on smelt scales can
sometimes be easily visible through this
mucous, it can make false annuli and older ages
difficult to distinguish. To remove the mucous
membrane, scales are first placed in small brass
or stainless steel screen baskets and then
immersed in a solution of pancreatin and
agitated. Whaley (1991) found cleaning scales in
5.0% pancreatin solution using a high-frequency
sonicator for 15 minutes yielded the highest
percentage of usable scales compared to
agitation in water alone for 15 minutes or in
5.0% pancreatin solution for 48 minutes. We
have found that 2.0% pancreatin solution
adequately cleans smelt scales. A higher
pancreatin concentration removes too much of
the surface and causes scales to curl under cover
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slips. A mounting medium can keep the scales
flush, but because we mount a large number of
scales, we prefer the lowest cost and most
efficient method. Simply reducing the
concentration of pancreatin negates the need for
a mounting medium. The cleaned scales are then
placed on individually labeled microscope slides
with a drop of water and covered with a thin
glass slip.

Otoliths and fin rays are collected from a
subset of fish from which scales were taken
during the spawning run surveys. These are
embedded in a two part epoxy. Transverse
sections encompassing the core of the feature are
cut on a low speed saw equipped with two
diamond blades separated with a 0.4 mm spacer.
These sections are affixed to slides using Flo-
texx mounting medium.

Scales, otoliths, and fin rays are viewed using
the image analysis program Image Pro (V6.2)
which drives a digital video camera mounted
atop a dissecting microscope with transmitted
lighting. Image Pro software and transmitted
lighting improves image quality, which
emphasizes true and false annuli. Two
individuals with no prior information about the
length or sex of the fish age each structure, and
there is no communication between readers. If
there is a discrepancy, age is assigned by a third
more experienced reader or by consensus.

Results

We compared ageing precision between
scales and otoliths. There was no significant
difference between ages given by two readers
using scales (Chi Square p = 0.34; a = 0.05), but
there was a significant difference using otoliths
(p = 0.025). We also compared ages given using
scales and otoliths from the fish where the
reader had no prior knowledge about which
scales and otoliths belonged to the same fish;
there was a significant difference between ages



(2 trials by 2 readers, Chi Square p = 0.00001
and p = 0.0001) (Figure 1). Age assignments
using otoliths overestimated especially young
ages because smelt otoliths repeatedly have a
large number of sub-annual checks, a finding
that is consistent with other studies (Walsh et al.
2008).

We have not yet collected enough fin rays to
make a valid conclusion about ageing precision
using this structure. However, we have found
that collecting fin rays requires more training
and time in the field compared to scale
collection.

Age Validation. We are currently refining
methods to validate ages given using scales. We
use oxytetracycline hydrochloride (OTC) to
mark yolk-sac larvae reared in the lab. The OTC
leaves a small permanent mark on the otolith.
Larvae are released at an annually sampled
spawning site. A subset of the catch in
following years is taken and each otolith
examined for an OTC mark. The scale is then
independently aged. Each release year can be
differentiated by varying the number of times
larvae are exposed to OTC. In 2010 we
recaptured 14 OTC marked smelt that had been
released as larvae in 2009; all readers
independently correctly assigned scales from
these fish age 1 with no prior knowledge.

The ability to take high resolution digital
images of consistent quality enables us to build
reference collections that can be used between
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multiple agencies. Reference collections of scale
images are being developed to determine
accurate age-length keys for the species, as
existing keys have been applicable only to small
geographic areas or short time periods.
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Are common smelt (Retropinna retropinna) a sustainable food source for
rainbow trout (Oncorhynchus mykiss) in Lake Rotoiti, New Zealand?
Jennifer M. Blair*', Brendan J. Hicks®, Nicholas Ling', and Rob Pitkethley®
YUniversity of Waikato, Hamilton, New Zealand

2Eastern Region Fish and Game, Rotorua, New Zealand
*Corresponding author. Email: jmb90@students.waikato.ac.nz

Lake Rotoiti is a warm, monomictic,
eutrophic lake in the North Island of New
Zealand. It is home to a popular rainbow trout
fishery (Oncorhynchus mykiss), which is
supplemented by hatchery-raised yearlings.
Native common smelt (Retropinna retropinna)
constitute 83% of the diet of rainbow trout over
200 mm long. Despite their importance as a prey
species, the life history of smelt in Lake Rotoiti
is poorly understood, and the capacity of the
smelt population to support increased levels of
trout stocking is unknown.

In 2008, the Ohau Channel Diversion Wall
was installed to improve water quality in Lake
Rotoiti. The effect of this wall is to divert
nutrient rich water from Lake Rotorua directly
down the Kaituna River, rather than into Lake
Rotoiti. It is possible that the diversion wall has
had a negative impact on spawning migrations
of common smelt between Lake Rotorua and

Rotoiti, which could in turn affect food supply
for rainbow trout.

Sampling is currently being carried out in
order to assess abundance and dynamics of smelt
in Lake Rotoiti. In the past year, littoral catch
rates of smelt varied diurnally and seasonally,
with highest catches of up to 2,000 smelt in an
800 m? electric fishing transect in autumn,
which was likely due to a migration of smelt into
the littoral zone to spawn. Semi-quantitative
sampling of smelt eggs, coupled with
monitoring of reproductive maturity of spawning
adults, has shown that spawning is most
prevalent at the lake’s more exposed eastern
beaches. In addition, numbers of larvae were
highest in this area. This suggests that smelt are
reproducing locally, providing a sustainable
food source for rainbow trout. This study also
indicates the importance of exposed beach
habitat for sustaining smelt populations.

Diadromous Species Restoration Research Network:
A five-year collaborative research effort

Barbara Arter* and Matthew Dietert
Senator George J. Mitchell Center, University of Maine, Orono, Maine,
*Corresponding author: barbara.s.arter@umit.maine.edu

The goal of the Diadromous Species
Restoration Research Network (DSRRN) is to
advance the science of diadromous fish
restoration and promote  state-of-the-art
scientific  approaches to  multiple-species
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restoration at the ecosystem level. DSRRN
integrates many diverse activities that improve
the understanding of ecosystems and enhance
restoration outcomes, facilitates the study of
guestions fundamental to diadromous fish



ecology and restoration through scientific
meetings, workshops and local networking, and
enhances coordination of diadromous species
restoration efforts of academic, government, and
watershed stakeholders. The Network, which is
funded through the National Science
Foundation, provides information  and
networking on research and restoration funding
opportunities, research, and restoration project

partnerships, conferences and meetings, the
Penobscot Science Exchange, fisheries and
restoration links, and the Gulf of Maine
Knowledge Base which provides access to
spatially referenced bibliographic information so
that users can locate information using text-
based and map-based searches by state/province
and by watershed.

Penobscot River Science Exchange: A consortium for dam removal and
diadromous fish restoration research

Barbara Arter* and Matthew Dietert
Senator George J. Mitchell Center, University of Maine, Orono, Maine,
*Corresponding author: barbara.s.arter@umit.maine.edu

Covering 8,570 square miles, the Penobscot
River is Maine's largest and New England's
second largest watershed. Unfortunately,
centuries of dam construction have blocked the
migration of diadromous fish to their upstream
spawning and juvenile-rearing habitats. The
Penobscot River Restoration Project will restore
nearly 1,000 miles of sea-run fish habitat by
removing two large hydroelectric dams in the
lower part of the river and providing improved
fish passage at a third dam upstream. In 2008,
the Penobscot River Restoration Trust and
agency and academic researchers began
conducting  studies and  environmental
monitoring on the river in order to establish pre-
dam removal conditions that will allow
managers to document restoration outcomes.
This group of approximately 30 researchers
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makes up the Penobscot Science Exchange,
which is a collaboration with the Diadromous
Species  Restoration  Research  Network
(DSRRN), a five-year, NSF-funded
collaborative research effort to advance the
science of diadromous fish restoration.

This poster provides descriptions and
photographs of research projects currently being
conducted on the Penobscot in conjunction with
the dam removals and the Penobscot Science
Exchange. Projects include shortnose sturgeon
movement and spawning, bird assemblages, sea
lamprey movement in tributaries, iron-drainage
impacts to water quality, alewife population
structure and migration, marine-freshwater food
web linkages, sea lamprey and Atlantic salmon
interactions, and dam removal impacts on fish
assemblages.
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Abstract: Diadromous fish migrate between freshwater and marine habitats to complete essential life history stages.
New England diadromous species include anadromous fish such as river herring that mature in the ocean and spawn in
freshwater, and a single catadromous fish, the American eel, which spawns at sea and its young migrate to freshwater
habitat for juvenile growth and maturation. Most anadromous species possess a demersal egg that requires clean sub-
strate for incubation and survival. The success of the anadromous reproductive strategy is dependent on elevated flows
and suitable water and habitat quality occurring after the spring freshet. Diadromous fish populations on the Atlantic
coast of North America have declined in recent decades, with watershed alterations, harvest mortality, and passage im-
pediments known to be negative influences in some regions. Interest in diadromous fish restoration has increased re-
cently among constituents and government agencies; however, the majority of restoration efforts have focused on migra-
tory impediments with less attention on water and habitat quality. In order to improve the traceability and reliability of
water quality data collected during diadromous fish monitoring and to provide guidance to diadromous fish restoration
efforts, the Massachusetts Division of Marine Fisheries (MarineFisheries) developed a quality assurance program plan
(QAPP) of standardized water and habitat sampling protocols. Standard Operating Procedures (SOP) are provided for
routine measurements and multi-project applications for water temperature and chemistry loggers and for river herring
and rainbow smelt habitat assessments. The QAPP was designed to also coordinate sampling efforts to produce data
that is acceptable for Waterbody Assessments (Clean Water Act , Section 305 (b)) conducted by the Massachusetts De-

partment of Environmental Protection (MassDEP), and to relate species life history to habitat criteria.

INTRODUCTION

This quality assurance program plan (QAPP)
addresses water quality measurements and analysis
for monitoring projects conducted by the
Massachusetts Division of Marine Fisheries
(MarineFisheries) and program partners. Standard
Operating Procedures (SOP) are provided for
routine measurements and multi-project
applications for water temperature and chemistry
loggers, and also for diadromous fish habitat
assessments. The document serves two primary
purposes for MarineFisheries and program partners.
The first objective is to provide standardized and
consistent sampling protocols to improve the
traceability and reliability of water quality data. The
second objective is to guide sampling efforts to
produce data that is acceptable for Waterbody
Assessments [Clean Water Act (CWA), Section 305
(b)] conducted by the Division of Water
Management, Massachusetts Department of
Environmental Protection (MassDEP).

The MarineFisheries water quality monitoring
for diadromous fish habitat QAPP adopts the
standardized approach recommended by the U.S.
Environmental Protection Agency (US EPA) and
MassDEP and described in Godrey et al. (2001).
This approach contains 24 elements necessary to
construct a successful and consistent QAPP. These
24 elements are listed below and follow the
formatting and terminology described in Godfrey et
al. (2001) and MassDEP (2005). The remainder of
this QAPP is comprised of four SOPs that provide
specific direction for water quality monitoring
related to Water Temperature Loggers (Section
1.0), YSI 6-Series Probe Sondes, (Section 2.0),

Rainbow Smelt Spawning Habitat Assessment
(Section 3.0), and River Herring Spawning and
Nursery Habitat Assessment (Section 4.0). The 24
elements in this Introduction provide common and
consistent structure to data collections and
management for each SOP.

1. QAPP Version. The present QAPP version
1.0 was developed during 2006-2009 while
recording data using draft SOPs. These pilot efforts
facilitated the development of data forms, quality
assurance and quality control (QA/QC) protocols
and criteria. SOP 3.0 protocols originated from a
rainbow smelt eutrophication study conducted by
Marine Fisheries in 2002-2003. It is expected that
QAPP versions will need to be updated every 3-5
years depending on changes to methodologies and
applications, program objectives, and principal
staff.

2. Equipment Disclaimer. References to
commercial products and manufacturers do not
indicate the endorsement of any products or
companies by the Massachusetts Division of Marine
Fisheries or program partners. It is necessary to
specifically name each piece of equipment so that
QA/QC protocols can be developed around each
product’s specifications. SOP 2.0 on water
chemistry loggers is directed to the use of Yellow
Springs Incorporated (YSI) water quality sondes
because all participating MarineFisheries projects
use this equipment. However, the 24 elements of
the Introduction are not dependent on specific
sampling instruments. The SOPs can be readily
modified by program participants in appendices to
match the equipment specifications of items not
listed in this version to water quality criteria.



3. Distribution List.

Massachusetts Division of Marine Fisheries
Project Staff:

Program Manager -- Michael Armstrong
Monitoring Coordinator -- Bradford Chase
Project QA/QC Analyst -- Bradford Chase
Project Field Coordinator -- Matthew Ayer
Project Database Manager -- Scott Elzey

MassDEP Reviewers:

Richard Chase, MassDEP QA Officer

627 Main St., 2nd floor, Worcester, MA 01608
508-767-2859 Fax: 508-791-4131
richard.f.chase@state.ma.us

Arthur Screpetis, MassDEP Technical Reviewers
627 Main Street, 2nd floor, Worcester, MA 01608
508-767-2875, Fax: 508-791-4131
Arthur.Screpetis@state.ma.us

Program Participants:

The following agency staff may utilize one or
more of the SOPs under this QAPP. Additional staff
and seasonal employees may be added following
training.

MA Division of Fish & Wildlife  Caleb Slater
MA Division of Fish & Wildlife  Steve Hurley
MA MarineFisheries Phillips Brady

MA MarineFisheries

MA MarineFisheries

MA MarineFisheries

NH Dept. Fish and Game
NH Dept. Fish and Game
ME Dept. Marine Resources

John Boardman
Katie L’Heureux

John Sheppard

Kathy Mills
Jessica Fischer

Claire Enterline

4. Project Organization. The MarineFisheries
project staff that will administer this document are
within the Recreational and Diadromous Fisheries
Program. It is anticipated that future QAPP versions
will include participants from other
MarineFisheries programs and partner
organizations. Program participants from the Maine
Department of Marine Resources and the New
Hampshire Department of Fish and Game will
apply SOP Sections 1.0-3.0 during 2008-2011 as
part of a National Oceanic and Atmospheric
Administration (NOAA) grant to develop a
conservation plan for rainbow smelt for the three
states. SOP 4.0 will be used by watershed

organizations in partnership with MarineFisheries
to assess river herring habitat.

5. Program Background. The Massachusetts
Division of Marine Fisheries is responsible for
managing diadromous fish resources in the coastal

waters of Massachusetts and shares this
Project Organization
Program Manager: Michael Armstrong,

Marine Fisheries. Reviews and approves all project
proposals and project reports using the QAPP.

Monitoring Coordinator: Bradford Chase, Marine
Fisheries. Developed the four SOPs and will continue
to provide oversight for the projects and share regional
instrument calibration and maintenance responsibilities
with the Field Coordinator. Will evaluate field, labora-
tory and data management activities and maintain re-
lated communications with the Field Coordinator and
Database Manager.

QA/QC Analyst: Bradford Chase, Marine Fisheries.
Will review data collected under the QAPP and assign
data status criteria. Will train other MarineFisheries
staff to serve as future QA/QC analysts for specific
projects.

Field Coordinator: Matthew Ayer, Marine Fisheries.
Will coordinate the deployment of temperature loggers
and YSI sondes on the North Shore. Will share re-
gional instrument calibration and maintenance respon-
sibilities with the Monitoring Coordinator. Will be
responsible for data processing for Onset temperature
loggers, and will be trained to collect data for all SOPs.

Database Manager: Scott Elzey, Marine Fisheries.
Will maintain databases for the QAPP and be trained
to collect data for all SOPs. Will be responsible for
processing data from Y'SI sondes.

Project Participant: John Sheppard, Marine Fisher-
ies. Will collect and process data under SOP Sections
1.0 and 2.0.

Project Participant: Kathy Mills, NH Dept. Fish and
Game. Will lead NH DFG efforts to collect and proc-
ess data under SOP Sections 1.0, 2.0, and 3.0.

Project Participant: Claire Enterline, ME Dept. of
Mar. Resources. Will lead ME DMR efforts to collect
and process data under SOP Sections 1.0, 2.0, and 3.0.




responsibility with the Division of Fisheries and
Wildlife in inland waters. There is long history of
MarineFisheries recording water quality data to
accompany fisheries monitoring and research
projects. Data management for past projects has
been done on a project-specific basis potentially
reducing the comparability of the data for intra- and
inter-agency uses. Improved electronic logger
technology during the last two decades allows the
attainment of high accuracy and precision during
water chemistry sampling if consistent QA/QC
procedures are applied. The projects outlined in this
QAPP and future efforts will benefit from the
application of standardized water quality sampling
and data processing protocols. In addition,
MassDEP’s Waterbody Assessments are a powerful
tool to identify and initiate remediation for water
quality problems that influence the health of aquatic
life. A MassDEP-approved QAPP will allow
MarineFisheries data to contribute to the
Waterbody Assessment process.

The effort to adopt standard protocols originated
from MarineFisheries efforts in 2002 and 2003 to
relate water quality and watershed influences to
rainbow smelt spawning habitat. This project
deployed continuous water temperature loggers in
rivers with smelt spawning habitat and collected
water quality data related to eutrophication impacts
on spawning habitat. This project and the increasing
utility of the electronic loggers for aquatic habitat
monitoring prompted the interest in standardized
sampling and QAPP protocols. Interest also came
from the NOAA grant partnership between the
states of Massachusetts, New Hampshire and Maine
tasked with developing a conservation plan for
rainbow smelt. The partnership conducts smelt
habitat monitoring that will also benefit from QAPP
guidance.

6. Program Objectives. The primary program
objective is to develop standardized data collection
and processing protocols for water quality
monitoring related to specific diadromous fish
monitoring projects. The following four SOPs will
serve ongoing projects that were developed with the
objective of producing comparable and reliable
water quality data:

Section 1.0-- Water Temperature Logger

Section 2.0-- YSI 6-Series Multi-Probe Sondes
Section 3.0--Rainbow Smelt Spawning Habitat
Assessment

Section 4.0--River Herring Spawning and
Nursery Habitat Assessment

It is expected that Sections 1.0 and 2.0 will
become templates for a wider range of users within
DMF. Section 3.0 will focus on nutrient and
periphyton measurements at smelt spawning habitat
and will be used by the MA/NH/ME smelt
conservation partnership. Section 4.0 will produce a
tool for assisting the assessment and prioritization
of diadromous fish restoration projects. More
specific details on project objectives and the target
watersheds are presented in the individual SOPs.
An important secondary objective is to provide data
that can contribute to MassDEP’s programmatic
objectives of assessing the ability of water bodies to
support designated uses (CWA, Section 305(b))
and remediating pollutant loads (CWA, Section 303
(d) under their Watershed Assessment process
(MassDEP 2005).

7. Data Quality Objectives. Parameter-specific
data quality objectives will be provided in each
SOP. The QAPP’s basis for data quality control and
assurance will be criteria established for the data
quality indicators of precision, accuracy,
completeness, comparability and representativeness
(MassDEP 2005).

Precision.  Precision is a measure of the
proportion of agreement among replicate
measurements. For most parameters in the four
SOPs, precision will be sampled and evaluated by
criteria established for the relative percent
difference (RPD) of duplicate samples. Acceptable
RPDs will be typically 5-10% for laboratory and
multi-probe water chemistry sonde measurements
and <35% for nutrient and productivity
measurements.

Accuracy. Accuracy is the degree to which a
recorded measurement varies from a true or
expected value. Accuracy for multi-probe water
chemistry sonde measurements will be assessed
comparing pre and post-calibration results to
specifications established for standard solutions.
Accuracy for temperature sensors will be checked
against NIST-certified thermometers (National
Institute of Standards and Technology). Where
appropriate, the SOPs will outline the use of
laboratory and trip blanks to contribute to
assessments of accuracy. Accuracy warning and
control limits will be established using standard



deviation criteria on the departure from seasonal
and station means for specific parameters.

Representativeness.  Data representativeness
refers to the extent to which measurements actually
represent the true environmental condition. This
attribute is addressed through site selection criteria
in “Station Selection” sections for each SOP. For
example, rainbow smelt spawning habitat stations
are selected from a state-wide list of known smelt
spawning riffles where river flow is well-mixed and
does not routinely receive saline water from the salt
wedge.

Completeness. Data completeness refers to the
amount of valid data collected as a proportion to the
targeted sampling frequency. Weather, instrument
failure and other conditions can result in incomplete
or failed measurements in the course of a sampling
season. The range of acceptable completeness for
targeted measurements will be 75-100% for all
SOPs.

Comparability. Data comparability refers to the
extent to which data from one study are comparable
to data collected for similar parameters during
previous studies or from other areas. The
documentation of sampling methods, data
processing and QA/QC reviews will be used to
determine data comparability over time. It is an
important objective of the QAPP to improve and
document data comparability for future surveys and
resource management decisions.

8. Training Requirements. Program
participants must become familiar with all aspects
of the QAPP, SOPs and instrument manuals that
guide sampling. Training sessions will be conducted
by the Monitoring Coordinator under each SOP for
program participants. SOP 4.0 may include
unsupervised volunteer efforts in the future. In these
cases, the Monitoring Coordinator will conduct
training sessions and initial trips with SOP 4.0
partners. It is expected that most SOP 4.0 trips will
be lead by agency staff trained as program
participants. Following training in 2008-2009, the
Field Coordinators will be prepared to conduct
training for program participants to collect field
data for all SOPs.

9. Documentation and Records. Standardized
field and laboratory calibration forms will be used
for all data collection covered within the QAPP.
Templates of data forms are provided in each SOP

and electronic templates are available for
distribution from the Monitoring Coordinator
(brad.chase@state.ma.us). Field forms are
constructed from Excel spreadsheets and are
relational to spreadsheets where data will be entered
and stored. Program participants will be trained to
use field forms, calibration forms and enter data to
spreadsheets. The Program Field Coordinator and
Database Manager will process field and calibration
data, and the program QA/QC Analyst will review
and classify data files. Following review and final
data classification, annual data files will be saved as
read-only files in a common server folder that all
participants can access. Back-up annual files will be
saved in a different server by the Database Manager
and QA/QC Analyst. Sampling stations will be
documented with photographs and by recording the
GPS location. The station documentation will be
stored in an adjoining common server folder.

10. Sampling Process.

Sampling Safety. Sampling under Sections 1.0-
3.0 will occur in coastal rivers during spring. These
conditions can be challenging, dangerous, and may
compromise sampling methods when river flows
are elevated. Field coordinators should monitor
precipitation forecasts, stream flow gauge stations
(when available) and use their best professional
judgment (BPJ) when making decisions on river
deployments. Field trips should be made with at
least two staff. Exceptions can occur in small
streams, primarily under SOP 1.0. Field staff should
notify their supervisors of their plans before each
field trip. Waders should be used for most in-
stream work, although hip boots or knee boots are
suitable for smaller streams and during the summer
when low flows are prevalent. Waders should be
worn with a chest belt to reduce inadvertent
flooding of water into the waders. SOP 4.0 will be
conducted from small boats in most cases. Staff
should wear Coast Guard-approved life vests during
boat trips.  All boat deployments should be
accompanied with an extra life vest, paddle, anchor,
and cell phone or VHF radio.

Design Considerations. Water quality sampling
under this program targets specific river and lake
locations used by diadromous fish for spawning,
nursery and migratory habitat.  Therefore, the
approach to monitoring under Sections 1.0-4.0 is to
select fixed stations that can be monitored by
MarineFisheries during critical life-stage periods on
an annual basis. Probability based designs which



are most suitable for watershed basin or state-wide
water quality assessments (MassDEP 2005; and
DeSimone et al. 2001) were judged impractical for
retrieving detailed information on specific habitats
used by individual diadromous fish runs.

The four SOPs have independent features that
reduce the utility of using a uniform sampling
design. For QAPP Version 1.0, SOP 1.0 and 2.0 are
related to river sampling of smelt spawning habitat
and lake sampling of river herring habitat. Site
selection for the smelt spawning habitat stations
depended on a previous MarineFisheries spawning
habitat survey (Chase 2006). Six of the smelt
habitat monitoring stations also serves as fyke net
locations where spring smelt catches are recorded
for annual population monitoring. These stations
were selected to provide ranges of smelt population
size, watershed drainage area, and watershed usage.
In these rivers, temperature logger and YSI sonde
deployments will be made upstream of the fyke net
location in the freshwater zone. The water quality
data collected in the smelt runs will be associated
with fyke net catches and used to categorize the
river systems in relation to MassDEP surface water
quality standards.

SOP 3.0 will provide guidelines for delineating
smelt spawning habitat and monitoring biotic and
abiotic characteristics of the spawning habitat. SOP
4.0 sampling will be conducted in the spring and
summer at river herring spawning and nursery
habitats. Unlike the previous sections, SOP 4.0 will
focus on lake sampling; however, water quality data
processing and quality assurance will be similar.
Site selection and sampling designs will depend on
previous MarineFisheries river herring surveys
(Belding 1921; Reback and DiCarlo 1972; and
Reback et al. 2004). The river herring habitat SOP
is designed to provide status assessments on the
suitability of water bodies to support river herring
migrations, spawning, and juvenile rearing. Site
selection for SOP 4.0 projects will be made on a
case-by-case basis to provide information needed
for resource management, habitat restoration, and
population restoration. It is expected that future
MarineFisheries applications for SOP 1.0 and 2.0
will be developed independently of the present
smelt and river herring monitoring projects.

11. Sampling Method Requirements.
Sampling methods for each program project are
described in the corresponding SOP sections.

12. Sample Handling and Custody
Requirements.  Laboratory analyses for SOP
Sections 1.0, 2.0 and 4.0 are limited to instrument
calibration. Calibration procedures are outlined in
each SOP. SOP 3.0 will involve the field collection
and laboratory analysis of surface water nutrient
samples and periphyton biomass parameters. These
handling procedures will be described and a chain
of custody form will be supplied in SOP 3.0. For all
field and laboratory processes, the date and names
of the sampling crew must be recorded on data
forms. Sample labeling and numbering will be
synchronized among the program participants. Both
water quality and biological data samples will be
assigned an alphanumeric label that denotes, in
order: State (text, 2 letters), year (2 numbers),
sample week (2 numbers), location (text, 2-4
letters), sample type (text, 1-3 letters), replicate
(numbers, 1-3). For example, a single total
phosphorus sample collected in the Parker River,
MA during the second week of 2008 sampling
would appear as: MA0802PR-TPL1.

13. Analytical Methods Requirements. The
reporting of laboratory analytical methods applies
to SOP 3.0. The analytical methods, holding times
and parameter specifications for the analytical
laboratory are described with citations in SOP 3.0.

14. Quality Control Procedures.  Quality
control procedures will be outlined in each SOP
section. The following three main components of
quality control will be applied in each SOP where
applicable: pre and post-deployment instrument
calibrations with accuracy and precision checks,
analysis on the similarity of replicates, and outlier
review using specified flags related to deviations
from seasonal and station mean data. For projects
where different crews are applying the same
methods (primarily SOP 3.0), an annual QA/QC
meeting should be held to discuss sampling
methods and review quality control results. At these
meetings, side-by-side measurements of the same
model instruments can be made, if QA/QC reviews
identified guestions for a sensor or parameter. The
comparability of these measurements can help
isolate quality control problems.

15. Instrumentation/Equipment Inspection
and Testing. Instrument testing and maintenance
will be outlined in each SOP section and recorded
on sampling forms during each calibration.
Laboratory balances used for supporting wet and
dry chemistry applications are inspected and



calibrated annually at MarineFisheries’ Annisquam
River Marine Fisheries Station and New Bedford
bacteriological laboratory by a certified vendor,
with test documents maintained on file at the
laboratories.

16. Instrumentation Calibration and
Frequency. Instrument calibration information is
outlined in each SOP section. With a few
exceptions, the YSI water chemistry sonde will be
the only instrument calibrated for QAPP
applications. The YSI sonde calibration procedures
are provided in SOP 20. Specific project
applications for water chemistry sondes are outlined
in SOP’s 3.0 and 4.0.

17. Inspection of Supplies. Field and
laboratory data forms were designed by the
Monitoring Coordinator and will be consistently
used by all program participants. The data forms
will be inspected at the start of each field season for
completeness and applicability. Program
participants will inspect all calibration solution
standards to ensure they have not expired. Expired
standards may be used for calibrations for up to six
months after the expiration date, after which they
can only be used as a pre-calibration wash solution.
Coolers and other carrying containers for field
instruments and samples will be thoroughly cleaned
at the start or end of each week during the sampling
season. Specific procedures for handling supplies
for nutrient and biomass sampling will be outlined
in SOP 3.0.

18. Data Acquisition Requirements. Annual
requests will be made to the U.S. Geological Survey
(USGS) for discharge data from sampled rivers with
stream flow gage stations. Secondly, annual
requests will be made to the National Climatic Data
Center (NCDC) for air temperature and
precipitation data from weather stations near river
sampling stations. In both cases, real-time values of
some parameters are available on the agency’s web
sites. The real-time data should not be used for this
QAPP. USGS and NCDC data undergo a QA/QC
review and classification by each agency. This
could result in changes to real-time data. It is
presently more efficient and prudent to wait until
the sampling season is over and retrieve all data
needs for the calendar year following agency
classification. These data will be processed and
included in water chemistry data files as daily
records for each sampling season.

19. Data Management. All laboratory
calibrations and field data collections will be
recorded on approved forms listed in Table I. All
form templates are stored in the MarineFisheries
shared computer drives (W:\) under the “QAPP”
folder. Field and calibration forms should be filled
out on the day that project activity occurred and
stored in individual hard copy files by the program
participant during the sampling season. All forms
should be inspected for completeness, initialed and
dated by the project participant. At the end of a
sampling season, all forms for a given project
should be inspected by the Field Coordinator or
QA/QC Analyst to flag errors or missing fields.
Any identified problems should be discussed with
the field collector and corrections should be
documented. Following this activity, the data will
be ready for entry into Excel datasheets.

Following data entry, the QA/QC Analyst or
Database Manager (if the Database Manager did not
enter data) will audit the Excel data files by visual
comparison with field forms. The audit will cover
100% of entered data. Discovered errors will be
corrected and a tally of field sheet, keypunch, and
other errors will be recorded in a QA/QC review
worksheet in each annual data file. Once the audit is
complete, the auditor will indicate the QA/QC
status on the data file and enter his/her name and
the month/year.

The QA/QC Analyst should review the data and
classify the QA/QC status and data status using the
classes listed below. The QA/QC status refers to
the review stage for the entire data file. When all
QA is finished the QA/QC Analyst will mark the
QA status box as Complete and enter the month and
year. The data status classes refer to the status of
data when the QA review is completed. Data will
be stored in the MarineFisheries shared computer
drives (W:\) with back-ups in the personal (P:\)
drives of the Database Manager or QA/QC Analyst.
Once a data file has been validated by the QA/QC
Analyst it will be saved as a read-only file in the
W:\ drive and backed up in the P:\ drive.

QA/QC Status

1. Draft. Data processing is in progress, and
QA/QC has not been conducted.

2. Preliminary. Data processing is complete,
but QA/QC is not complete. Data can be used
for internal project summaries.



3. Complete. All data processing and QA/QC
review is completed.

Data Status

1. Preliminary. Data have been entered from
field sheets or downloaded but QA/QC review is
not complete.

2. Censored. Data are eliminated because of
instrument failure or QA/QC performance.

3. Conditional. Data are fully audited and QA
is complete, but have deficiencies that are
documented and may limit use.

4. Final. Data are fully audited, checked and
acceptable.

Censored data cells will be shaded with a red
color code in the Preliminary datasheets and empty
in Final Worksheets. Conditional data cells will be
shaded with a yellow color code in both Preliminary
and Final datasheets.

20. Assessment and Response Actions. The
evaluation of field, laboratory and data management
activities for all SOP sections will be overseen by
the QA/QC Analyst and will involve in-season and

post-season communication with program
participants and a series of validation checks at key
junctions during data collection and processing.
The MarineFisheries field activities for SOPs 1.0-
3.0 will involve only a few trained staff. In-season
and post-season communication among project staff
will be a routine process to ensure project protocols
are being followed and project objectives are met.
Raw data form checks and data file audits are
important validation steps that will identify minor
errors and result in corrective action for systematic
errors. The data file audit will include a tally of
errors by type and data entry staff. A meeting will
be held at the conclusion of each annual project
audit to discuss data quality and identify recurring
errors.  We have experienced consistently low
frequency of data entry error of typically <3% (No.
of errors per 100 keypunched cells) for similar
water quality data files. Error rates above 3% will
prompt specific discussions on correcting the data
entry errors. All QA/QC decisions and corrections
will be recorded in the QA/QC Review worksheet
adjoined to each annual data file.

21. Reports. Project reports will be written for
each specific project conducted under SOP 3.0 and
4.0 and include a discussion on QA/QC. Data
collected under SOP 1.0 and 2.0 will be used in the

List of Data Forms
(Contact the author for Forms 3.1 through 3.5)

Title Type SOP Purpose
Form 1.1 Water Temperature Logger 1.0 [ Temperature logger deployment and QA
Form 2.1 YSI Sonde Calibration 2.0 | YSI sonde calibration: long-term
Form 2.2 YSI Sonde Calibration Review 2.0 | Compare calibration to SOP specifications
Form 2.3 YSI Sonde QA/QC 2.0 QA/QC review and data status
Form 2.4 YSI Sonde Calibration 2.0 | YSI sonde calibration: grab samples
Form 3.1 Field Water Chemistry and Flow 3.0 Periphyton field station water data
Form 3.2 Nutrient Data 3.0 Periphyton field station nutrient data
Form 3.3 Periphyton Tile Collection 3.0 | Periphyton tile collection records
Form 3.4 AFDW Biomass Measurements 3.0 Periphyton Ash-Free-Dry-weight
Form 3.5 Periphyton Identification 3.0 Taxonomic identification of periphyton
Form 4.1 River Herring Habitat Assessment 4.0 |Documentation of field habitat assessments




project reports on smelt and river herring habitat
assessments, and smelt population monitoring. In
addition, all validated data files will be shared with
program partners and available as public property to
any interested party. The schedule and detail of
written summary reports will depend on the
objective of each SOP and in response to varied
requests to meet MarineFisheries management
needs, to assist environmental permit review, to
meet environmental permit enforcement requests
and other external requests. Deviations from the
QAPP and SOPs will be documented in the project
reports.

22. Data Review. Common methods and
terminology will be used for documenting the QA/
QC review and data status in each SOP Section of
this QAPP (see No. 19. Data Management).

23. Validation and Verification Procedures &
Requirements.  Specific processes for validating
data are provided in each SOP, including parameter
specific validation criteria tables. Following entry
of field data into the corresponding data files, each
annual data file will be reviewed by the following
four steps (where applicable):

1. Data Audit. Data are compared to field
sheets (100% visual audit for keypunched
data) to identify entry errors, remove pre-
and post-deployment data and flag potential
outliers.

2. Calibration Review. For YSI sondes
and a few other applications, the pre- and
post-deployment calibration data will be
evaluated following specific performance
criteria on accuracy related to standard
solutions and manufacturer’s specifications.

3. Replicate Analysis. The similarity of
replicates will be reviewed in relation to
performance criteria on sampling precision.

4. Outlier Review. Outliers flagged during
auditing shall be graphed and compared to
deviations from the parameter means and
medians for both seasonal and station data
series. Qutliers that exceed warning (2
SD) and control (£3 SD) limits will be
subject to classification responses outlined
in each SOP.

24. Reconciliation with Data Quality
Objectives. The final status of sampled data will
depend on the data classification criteria described
in Data Management (see No. 19 Data
Management). Decisions on data classification are
dependent on the calibration performance of each
sensor as assessed by accuracy and precision tests.
For the water quality data, corrective actions will be
made on units of data from individual deployments
(or between calibrations). Within deployments,
classifications and corrective actions will be
specific for each sensor or parameter. For example,
it will be possible for an entire annual (or seasonal)
column of specific conductivity data to be classified
as Final while the DO data in the same file carries
classifications of Final, Conditional or Censored
for different deployments in the same data file.
Parameter specifications and validation criteria are
provided in each SOP along with direction for
corrective actions and guidance for data
classification.
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NOTES AND UPDATES

Optional Methods. Included in the methods
sections for each SOP are options for field methods,
QA/QC, and data processing. The options are
suggestions for different approaches to an operating
procedure or to troubleshoot problems. In all cases,
the options are not requirements of this QAPP and

the required procedures should be first attempted
and documented. It is expected that technologies
and methodologies for using these electronic
instruments will be periodically updated. These
changes will result in modifications to some current
standard operating procedures. The application of
the optional methods may help identify better
approaches for water quality monitoring and will
assist the improvement of future versions of this
QAPP.

ACRONYMS
AFDW  Ash Free Dry Weight
BPJ best professional judgment
cfs cubic feet per second
CWA  Clean Water Act

DDW  deionized-distilled water

DEP Department of Environmental Protection

DFG Mass. Department of Fish and Game

DO dissolved oxygen

GPS Global Positioning System

MA Massachusetts

MassDEP  Mass. Department of Environmental
Protection

MarineFisheries Mass. Division of Marine

Fisheries

MassWildlife  Mass. Division of Fish and Wildlife

ME Maine

NCDC National Climatic Data Center

NH New Hampshire

NIST National Institute of Standards and
Technology

NMFES National Marine Fisheries Service

NOAA National Oceanic and Atmospheric

Administration.
NTU Nephelometric Turbidity Units
QAPP  quality assurance program plan
QA/QC quality assurance/quality control
RPD relative percent difference
RSD relative standard deviation
SD standard deviation
SOP standard operating procedures

SWQS surface water quality standards-MassDEP

TN total nitrogen

TP total phosphorus

UNH University of New Hampshire

US EPA United States Environmental Protection
Agency

USGS  United States Geological Survey

YSI Yellow Springs Incorporated



CONVERSIONS

Multiply U.S. Customary Units By To Obtain Metric Units
inch (in.) 254 centimeters (cm)
foot (ft.) 0.3048 meters (m)
mile (mi) 1.609 kilometers (km)
square miles (mi?) 2.590 square kilometers (km?)
acre (A) 0.004047 square kilometers (km?)
cubic feet (ft%) 0.02832 cubic meters (m®)
Gallons (gal) 3.785 liters (L)

Temperature Conversion

Celsius degrees (°C) 1.80*%(°C) +32 Fahrenheit degrees (°F)
Fahrenheit degrees (°F) 0.5556*(°F-32) Celsius degrees (°C)
EQUATIONS

Relative Percent Difference (RPD)
A measure of precision for duplicate samples (X; and X3)

RPD = [ (X1 - X2)/ (X1 + X2)/2) ] * 100

Relative Standard Deviation (RSD)
A measure of precision for three or more replicates (X3, X2, and X3)

RSD = [SD/ (X1 + X2+ X3)/3) ] * 100
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STANDARD OPERATING PROCEDURES

Section 1.0 Water Temperature Loggers
Scope and Application

Monitoring  Objective. Metabolic and
reproductive processes in ectothermic fish have
evolved in response to natural temperature patterns.
Natural and anthropogenic disruptions to water
temperature can have acute and chronic
consequences to individual fish and fish
populations. Water temperature is an important
environmental cue for different stages of river
herring life history (Loesch 1987). Electronic data
loggers will be deployed to record high quality,
continuous water temperature data. The water
temperature data will provide seasonal and annual
trends that can be related to diadromous fish life
history and habitat requirements.

Data Quality Objective. The accuracy of data
loggers must be £ 0.3 °C of the true temperature
value and must be confirmed with the accuracy
checks described below. The precision of the data
loggers must be at least 95% (<5 % relative percent
difference, RPD) as determined from duplicate
recordings at the same time and space.

Instruments

A variety of instruments are available to
accurately record continuous water temperature for
river and marine deployments. The loggers with a
listed accuracy of £0.3 °C over the range of 0 to 25
°C and battery capacity to conduct annual
deployments are preferred. Table 1.1 lists the
loggers approved and presently used for this
program with specifications (in water).

Table 1.1. Temperature loggers approved for use in
Standard Operating Procedure 1.0.

Logger Ryan Onset Onset
Tempmen- | Water Water
tor Pro Temp Pro
V2
Resolution 0.10°C 0.02°C 0.02°C
Accuracy
(at0to 50 ° +0.3°C +0.2°C +0.2°C
9)
Range -32°Cto | -20°Cto | -20°Cto
70°C 70°C 70°C
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Deployment

Pre-Deployment Procedures

Time Check. Compare instrument time and date
to PC or cell phone time and date. Adjust if needed
using the logger’s launch/readout software.

Battery Check. Record battery strength; annual
deployments should not have less than 90%
capacity, and shorter term (spring) deployments
should not have less than 80%.

Accuracy Check. Two acceptable methods are
available to check logger accuracy. The preferred
method is to compare the logger to a thermometer
traceable to National Institute of Standards and
Technology (NIST) standards and accurate to +0.2
°C. Fill a bucket of water and allow the bucket to
sit >2 hours at constant room temperature (20 °C £5
°C). Record logger and NIST-traceable
thermometer temperatures at the same bucket depth.
The logger tested will be acceptable if its
measurement is within + 0.3 °C of the NIST-
traceable thermometer.

If a certified thermometer is not available, use a
bucket of crushed ice with distilled water to check
logger accuracy. Allow the ice and water to
acclimate for 20 minutes and immerse logger. The
logger is acceptable if the measurement is 0 °C +0.3
°C. Loggers that fail these tests should be tested
again and not be deployed following two failures.
If accuracy check results cannot be reviewed until
logger retrieval (as with all Ryan and some Onset
applications), then evaluate both the pre-and post-
deployment accuracy checks during the post-
deployment review.

Precision Check. Test the logger precision by
recording duplicate temperature measurements
separated by two minutes at the same time as the
bucket accuracy check. Calculate the RPD of the
two samples. Back-up Logger Option: when
deploying a back-up logger, simultaneous
measurements from each logger placed side-by-side
in the water bath can be used to check precision and
comparability among loggers. Loggers with RPD
<5% are acceptable for deployment. Loggers that
exceed this level of precision should be tested again
in the water bath at two temperature ranges in order
to isolate possible causes for lower precision.
Loggers with RPD <5% at both temperature ranges



are acceptable and those with RPD >5% should not
be deployed.

Ryan TempMentor. Ryan TempMentor loggers
have o-rings that should be carefully cleaned with
each deployment and receive a thin coating of
silicone grease. A thin-width, tie-wrap should be
attached as a lock to the o-ring clamp to provide
extra security.

Deployment Procedures

Logger Set-up. Back-up loggers should be
activated to begin logging at the same time and date
as the primary loggers. If practical, use a common
time stamp for loggers at multiple sites.

Location Selection. Pick river locations that
have noticeable landmarks and shelter from full
sunlight and visibility. The flow at the site should
have good mixing and provide at least 0.2 m of
depth over the logger. Record GPS coordinates and
landmarks. Loggers used in diadromous fish runs
should be deployed upstream of the salt wedge
(determined by existing salinity data, or the
presence of barnacles and shellfish) in order to
record freshwater temperature. Marine locations
accessed by scuba diving should be associated with
visible underwater landmarks and not be subject to
disruption from fishing gear or other scuba divers.

Schedule. The minimum deployment period for
loggers in diadromous fish runs is March 1% —June
30™. For this deployment period loggers should go
out by the end of February. Marine loggers are
deployed and retrieved on one date per year.
Therefore, scheduling can be flexible as long as
battery life is considered. Scheduling scuba visits
during warmer months is usually preferred. For
most river projects, the loggers will be deployed
annually. In these cases, the deployment period can
also be flexible allowing for a midseason check
(Recovery Procedures).

Record Keeping. Record logger serial number,
deployment history, location, and all other fields
listed on Water Temperature Logger Deployment
Form 1.1.

Recovery Procedures

Schedule. Loggers used for spring diadromous
fish runs should be recovered or checked after June
30™. This allows a complete record for March 1% —
June 30" fish runs. Consideration should be given
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to checking loggers following large rain events (>2
in.). River stations designated for annual coverage
to capture juvenile emigration periods should be
visited for a midseason check (after June 30™) to
download data and check battery. Marine stations
visited only by scuba diving will have single,
annual recovery/deployment visits.

Post-Deployment Procedures

Quality Assurance. Repeat instructions listed
under “Pre-deployment Procedures”. Loggers that
fail accuracy tests should be tested again. Data from
loggers that had an acceptable pre-deployment
quality control checks yet failed two post-
deployment accuracy tests (and the difference from
NIST-traceable thermometer is <1.0 °C) should be
classified as Conditional, and the loggers should be
returned to manufacturer for service before
deploying again. Data from loggers that fail two
post-calibration checks by >1.0 °C should be
Censored, as this level of error is considered
unacceptable and associated with logger failure.
Transfer logger data to an Excel data file and check
start and end times to confirm the accuracy of
transcription. No additional visual audit of logger
data is needed for loggers that had acceptable pre
and post-deployment quality control checks. The

user should complete all fields on Logger
Deployment Form 1.1.
Calculation of Daily Mean Temperature. Daily

mean water temperature will be calculated in the
Excel spreadsheet from the raw data. The
measurements included in a calculation of a daily
mean should begin after midnight (=0001) and end
at 2400 for a given calendar day. In the case of
Ryan loggers set at two hour intervals, daily mean
calculations will include 12 measurements starting
at 0200 and ending at 2400.

Data Calculations (Option). Users can select to
process daily mean temperature data into annual
tables that calculate monthly mean, minimum and
maximum temperature, and histograms that
illustrate the number of days that the daily mean
temperature occurred within 1 °C bins. When
information is available on thermal requirements for
specific fish, data can be processed as daily maxima
to compare to acute thermal criteria and weekly
average maxima for comparisons to chronic criteria
(Todd et al. 2008). Daily maximum temperature is
the highest 2-hour average temperature during a 24-
hour period. Weekly average maximum temperature



is evaluated by comparing the 7-day means of daily
mean temperatures to chronic thermal requirements
for each fish species.

Logger Cleaning. Loggers should be soaked in
soapy water to loosen dirt and attached marine life.
Onset loggers deployed in freshwater require only
moderate scrubbing with a scour pad, except the
optical port should only be cleaned with a sponge.
Ryan loggers deployed in marine waters require
cleaning with a scour pad to remove attached
organisms. The o-ring should be cleaned with water
and a sponge. A single annual cleaning when
loggers are retrieved from the field has been
sufficient to maintain Ryan and Onset temperature
loggers for ongoing projects.

Data Classification. Use the Excel temperature
logger template to review raw data and quality
control checks. The final Excel data file should
have three attached worksheets labeled: Raw, Mean,
and Form 1.1. The QA/QC Analyst should review
the data and classify the QA/QC review status and
data status using the classes listed below. The QA/
QC status refers to the review stage for the entire
data file. When all QA/QC is finished the QA/QC
Analyst will check the QA/QC status box as
Complete and enter the month and year. The data
status refers to the status of data when the QA/QC
review is completed.

QA/QC Status

1. Draft. Data processing is in progress, and
QA/QC has not been conducted.

2. Preliminary. Data processing is complete,
but QA/QC is not complete. Data can be used for
internal project summaries.

3. Complete. All data processing and QA/QC
review is completed.

Data Status

1. Preliminary. Data have been entered from
field sheets or downloaded but QA/QC review
is not complete.

2. Censored. Data are eliminated because of
instrument failure or QA/QC performance.

3. Conditional. Data are fully audited and QA is
complete, but have deficiencies that are documented
and may limit use.
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4. Final. Data are fully audited, checked and
acceptable.

Data Storage. Each location will have an annual
Excel data file that is named by river and year (ex.
Parker River-2005). All Excel approved data files
should be stored as read-only files on the
MarineFisheries shared drive (W:\) with back-ups
saved in the Database Managers’ personal drive
(P:\). Logger stations with five years or more of
Complete data should also be posted on the
MarineFisheries web site.

Back-up Loggers. Back-up loggers should be
deployed at marine stations with over five years of
records. Back-up loggers are not required for river
stations where annual loggers receive mid-season
checks. The start times should be synchronized for
the primary and back-up loggers. Back-up loggers
should be subject to the same quality assurance as
primary loggers, although documentation can be
included on the same logger Excel data file by
adding a Back-up worksheet. The records of two
deployed loggers can be compared by evaluating
the percent agreement of daily mean temperatures.
Given the high accuracy of these instruments,
agreements near 100% are expected and have been
observed to date. Data from back-up loggers should
be stored as a worksheet in the same Excel file
holding data from the primary logger. Option: the
user can elect to process data from the logger with
the best performance during the post-deployment
accuracy check. This approach is acceptable if the
primary and back-up loggers had common time and
date stamps and the RPD of daily mean
temperatures is <5%.
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MASSACHUSETTS DIVISION OF MARINE FISHERIES

Water Temperature Logger Deployment and QA/QC. Form 1.1
Location: (place, Town) GPS Position: (Latitude/Longitude)
Logger: (model/serial number)
Start: (date, time) Instrument Accuracy: (% °C at specified range)
Deployment: (date, time) Deployment History: (purchase date and No.)
Recovery: (date, time) QA/QC Analyst: (name)
QA Status: (Draft, Preliminary, Final)

Pre-Deployment Check

ACCURACY PRECISION
Logger Logger Cert. Deviation
Date Time (SE#) (°C) Therm.(°C) (°C) RPD (1) RPD (2) RPD (%) Notes
(Accept, Reject, Cond.)
Primary Logger Battery: (% or V)
Back-up Logger Battery: (% or V) Back-up Logger: (model/serial no.)
Internal Clock: (check with cellphone and note adjustment or mark "correct")
Post-Deployment Check
ACCURACY PRECISION
Logger Logger Cert. Deviation
Date Time (SE#) (°C) Therm.(°C) (°C) RPD (1) RPD (2) RPD (%) Notes
Primary Logger Battery: (% or V) Internal Clock: (note adjustment or mark "correct")
Back-up Logger Battery: (% or V) Daylight Savings Time:  (note if adjusted for DST)

Record of Deployment Start:
Record of Deployment End:
Back-up Comparison:
Back-up Daily Mean:

Data Status:

Notes:

(compare time data to deployment notes)

(compare time data to deployment notes)

(comment on timing agreement and certified thermometer check)

(comment on % agreement)

(QA reviewer approves QA records and assigns data status)

(general)
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Section 2.0 YSI 6-Series Multi-Probe Sondes
Scope and Application

Section 2.0 of the QAPP’s Standard Operating
Procedures (SOP) is intended to standardize
instrument handling, calibration, deployment, post-
deployment procedures and maintenance for multi-
probe water chemistry sondes. Standardized
protocols are necessary to improve the traceability
and reliability of the data. These procedures are
required for all deployments of YSI 6-Series (6920,
6820, and 6600) sondes. Separate protocols are
provided for unattended logging and grab samples.
The SOP was developed using YSI 6-Series
Operations Manual (YSI 2006) and the 2005 YSI
technical note, “Deployment and Data Quality
Assurance”, and over 10 years of experience using
YSI products. The SOP should be revisited and
updated periodically to account for changing
technologies and improving application knowledge.
This document does not cover all aspects of
instrument calibration and operation. It is important
that users of YSI 6-Series sondes become familiar
with the YSI operations manual and follow the
manual’s instructions. The SOP protocols offer
additional points of clarification on YSI manual
instructions and quality control and assurance
procedures specific to our applications monitoring
diadromous fish habitat.

Monitoring Objectives. Electronic multi-probe
sondes will be deployed to record both grab
samples and continuous water chemistry data within

coastal river systems monitored for diadromous fish
resources. The recorded data will assist ongoing
fisheries sampling programs and interagency efforts
to manage aquatic resources.

Instruments

Section 2.0 applies only to YSI 6-Series multi-
probe sondes that are presently used for diadromous
fish and marine waters monitoring. Program
participants with other instruments can use the
SOP’s QA/QC guidelines while modifying the SOP
with an attachment to account for different sondes
or sensors. Table 2.1 should contain the current
roster of instruments available for deployment for
each program participant.

Specifications

Sensor resolution, range, and accuracy are
provided by the manufacturer for each measured
parameter Table 2.2. These specifications represent
a baseline of expected performance and criteria for
evaluating calibration results. It is our experience
that properly functioning and calibrated sondes will
provide results within these specifications, with few
exceptions.

Data Quality Objectives. Water quality data
within the accuracy range specified by YSI for each
parameter probe should be attainable with accurate
and consistent calibration. The acceptable SOP
accuracy differs slightly from YSI specifications for
temperature, dissolved oxygen (DO), and specific

Table 2.1. Roster of instruments used by program participants.

Program Participant: | Massachusetts Division of Marine Fisheries

MAKE MODEL SERIAL YEAR | STATION SENSORS
YSI 6820 97A(’)\|3(géAB 1997 Gloucester Temp., Sp. Cond., DO, pH, Turbidity
YSlI 6920 02EOB838AD 2002 | New Bedford | Temp., Sp. Cond., DO, pH, Turbidity
YSI 6920 02EO838AA 2002 Gloucester Temp., Sp. Cond., DO, pH, Turbidity
YSI 6920 V2 06E1965AA 2006 Gloucester Temp., Sp. Cond., DO, pH, Turbidity
YSI 6920 V2 07B11200AA 2007 Gloucester Temp., Sp. Cond., DO, pH, Turbidity
YSI 6920 V2 07B11200AD 2007 New Bedford | Temp., Sp. Cond., DO, pH, Turbidity
YSI 6920 V2 08A100952 2008 New Bedford | Temp., Sp. Cond., DO, pH, Turbidity
YSI 6920 V2 08A100953 2008 Gloucester Temp., Sp. Cond., DO, pH, Turbidity




Table 2.2. Sensor resolution, range and accuracy are provided by the manufacturer for each measured parameter.
These specifications represent a baseline of expected performance and criteria for evaluating calibration results.
An asterisk (*) in the ACCURACY columns denotes “whichever is greatest” relative to the concentration of calibration

standard.
PARAMETER RESOLUTION YSI ACCURACY SOP ACCURACY SOP PRECISION
and (#) CRITERIA () CRITERIA
(Units apply to columns 1-4) RANGE (RPD)
Temperature (°C) 0.01 0.15 0.3 5%
-5 to 45
Depth (m) 0.001 0.12 0.12 5%
0to 61
pH (standard units) 0.01 0.2 0.2 5%
0to 14
DO (mg/l) 0.01 0.2 or 2% of stan- 0.5 or 5% of standard* 5%
dard*
0 to 50
DO (% saturation) 0.1 2% of standard 5% of standard 5%
0 to 500
Specific conductance (mS/cm) | 0.001 0.5% of standard 2% of standard 5%
(+0.001 mS/cm)
0to 100
Salinity (ppt, derived) 0.01 0.1 or 1.0% of 0.5 or 2% of 5%
standard* standard*
0to 70
Turbidity (NTU) 0.1 2.0 or 5% of 2.0 or 5% of 5%
standard* standard*
0 to 1000

conductivity. It is our experience that the YSI
accuracy listed for these parameters provides little
margin for slight deviations. Therefore, we have
adopted higher criteria for acceptable accuracy.
These accuracy objectives can be monitored by
conducting and reviewing pre-deployment and post-
deployment calibrations. The precision of sensor
measurements is monitored in the laboratory during
each calibration by recording the relative percent
difference (RPD = (difference of two consecutive
readings/ average of two consecutive readings)
x100).

Precision Check. Allow a bucket of tap water to
acclimate to room temperature (minimum of 2
hours). Place the sonde in the bucket and allow
sensors to equilibrate to water temperature for at
least 10 minutes. Once the sonde has equilibrated,
record water chemistry on Form 2.1 and repeat
measurements after two minutes. At this time, also
check the temperature probe against a National
Institute of Standards and Technology (NIST)
traceable thermometer.
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Long-Term Deployments
Site Selection.

Rainbow Smelt. Sondes should be deployed to
record freshwater chemistry data in close proximity
to smelt spawning habitat. The presence of the salt
wedge is not desired because it will confound the
interpretation of the freshwater chemistry that
influences adult fish attraction and egg survival.
Ideally, a site above the influence of tide at an
active spawning riffle should be selected. The site
should have well-mixed flow and adequate depth to
cover the sonde at all times and conceal the sonde
from detection. Depths greater than 1 m should be
avoided because retrieval can be difficult with high
flows. Sites near the fresh and saltwater interface
that experience the backing up of freshwater during
high tide can be selected, but may require enhanced
data management to account for the salt wedge.
Avoid high pedestrian traffic locations where the
risk of vandalism increases. Record location in
latitude and longitude with GPS unit.



River Herring. See Section 4.0 on river herring
spawning and nursery habitat.

Pre-Deployment Procedures.

Calibration. Calibrations should be done in the
laboratory at room temperature using a PC or laptop
with EcoWatch software or with a YSI 650 MDS
Display. The depth sensor is the one exception that
can be calibrated in the field or laboratory. The
calibration should occur within 24 hours of the
deployment. Begin the calibration process with DO
and continue with each parameter as described in
the YSI manual. Record the calibration process on
Calibration Form 2.1.

Calibration Rinses. Clean unexpired calibration
standards should be used for each calibration.
Previously used standards should be used to rinse
probes, but cannot be used for calibration. Before
each calibration step with a standard solution, the
probes should be rinsed once with deionized-
distilled water (DDW) followed by a rinse with a
previously used standard. A second rinse of DDW
should be made prior to 0.0 NTU turbidity and
specific conductivity calibrations. The sonde should
be shaken lightly prior to using the final standard to
remove excess liquid from the probes. The
previously used standards should be discarded after
one rinse.

DO Calibration (6562 sensor).

Sensor Membrane. Our long-term sonde
deployments are routinely for 2-4 weeks. Because
the DO membranes are unstable following
installation, the membrane should be changed the
day before or at least 6 hours before each
deployment. If this is not possible, conduct a
membrane “burn-in” in Discrete Run mode. Set the
sonde to record DO at 4-second intervals in
Discrete Mode. Allow sonde to run in this mode for
15 minutes to electrically stabilize membrane and
probe. After 15 minutes, confirm that the 4-second
measurements have stabilized and check DO charge
and gain to confirm they are within the acceptable
ranges (see DO Troubleshooting). Because the KCL
electrolyte is corrosive to connectors and o-rings all
sensors and sonde ports should be protected from
the KCL electrolyte with paper towels.

Calibration Cup. Use YSI calibration cup with
1 inch of water. Do not let the DO probe membrane
rest in water. Screw the calibration cup to the sonde
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for only 1-2 threads: air space is needed to vent
with the atmosphere. Allow sonde to rest on its side
for at least 10 minutes.

Pre-Calibration Test. Turn on sonde in Discrete
mode after sonde has acclimated with calibration
cup. After 10 minutes, record % saturation (pre-
calibration value for Calibration Form 2.1) and DO
charge. Percent saturation should be near 100% and
DO charge should be in range of 25-75. Proceed to
calibrate if correct or to troubleshooting if not (see
Technical Notes for an alternative DO calibration).

Calibrate DO. In the Advanced Menu set the
Auto Sleep RS-232 option to “ON” for unattended
logging and “OFF” for grab sampling. Conduct DO
calibration in % saturation mode. If using a YSI 650
display or computer without barometer, enter
barometric pressure (mm Hg) from laboratory
barometer. If a barometer is not available available,
refer to YSI manual for using uncorrected
barometer pressure measurements.

DO Optical Sensor 6150. The new optical DO
sensor 6150 may soon replace 6562. The optical
sensor has no Teflon membrane and requires less
maintenance. The water-saturated air calibration for
the 6150 sensor follows the same process as the
6562 sensor. YSI recommends that calibration error
can be reduced by calibrating the 6150 sensor in
saturated water using a bucket and air pump.
Saturated water calibration is not recommended for
QAPP Version 1.0 because of concerns over
consistency among program participants. Refer to
the YSI manual for optional calibration instructions
and further technical comments on the optical DO
sensor.

DO Troubleshooting (#6562). DO charge and
gain readings are diagnostic tools for evaluating DO
probe performance. The gain of a properly
calibrated DO probe should be in the range of -0.7
to +1.4. This can be checked under “Cal Constants”
in the sonde’s Advanced Menu if there is doubt
over probe performance or the acceptability of a
calibration. DO charge should be in the range of 25-
75. Values below this range can be caused by low
concentration electrolyte or a tear in the membrane.
Values above this range may be caused by anode
oxidation or a failed probe. If DO gain or charge is
out of range, inspect the integrity of the membrane.
Secondly, inspect the probe anodes for oxidation. If
the anode is tarnished or gray, recondition with YSI
kit 6035. Thirdly, remove the DO probe from sonde



and check the DO charge: a reading of -0.8 to 1.2
indicates that the sonde is functioning correctly and
the problem is likely a failed probe.

Temperature Check. The 6560 temperature
probe is reported to not require calibration and there
is no mechanism available to calibrate or adjust
temperature performance. Our experience has found
the probe to be reliable for many years of service.
Despite  this, confirming temperature probe
performance is essential because all other probe
measurements are temperature compensated. Pre
and post-deployment checks should be made with a
NIST traceable thermometer (accurate to +0.2 °C).
Fill a bucket of water in the laboratory and allow
the bucket to sit for at least 2 hours. Record
temperature with the YSI probe and certified
thermometer at the same bucket depth. The YSI
probe is acceptable if the measurement is within +
0.3 °C of the certified thermometer. If a certified
thermometer is not available, use a bucket of
crushed ice in distilled water to check temperature
accuracy. Allow the ice and water to acclimate for
20 minutes and immerse sonde. The probe is
acceptable if the measurement is 0 °C £0.3.

Temperature Troubleshooting. Contamination
(typically grit or water) on the temperature port
connector can cause poor temperature sensor
performance. This has been observed when dirt on
the connector causes an unusually high temperature
reading. This error can be confirmed by removing
the probe from the sonde and checking the
temperature display. Any reading other than -9.99 °
C indicates that connector contamination or a circuit
failure has occurred.

Pressure/Depth Calibration. The sonde should
be set on laboratory bench (not immersed in water),
or held at the river surface at the field deployment
site, and placed at the expected deployment
orientation. Enter a calibration value of 0.00 m and
calibrate. No additional calibration procedures are
needed for the depth sensor module used in
freshwater applications. See the YSI manual for
barometric pressure and salinity considerations
when seeking high accuracy depth measurements
for marine applications.

pH Calibration.
Calibration.

using pH buffer

Conduct a two-point calibration
standards that are certified
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traceable to NIST with an accuracy of = 0.05 pH.
Always use 7.00 pH for the first standard during
calibration and select 4.00 or 10.00 depending on
the expected pH range of water at your station.
Allow at least one minute of temperature
equilibration for each buffer. Record pre and post
calibration values for both buffers and pH mV at
7.00 pH. The YSI recommended mV range for YSI
6561 pH probes in 7.00 buffer is £50.

pH Troubleshooting. It is not uncommon to see
the YSI 6565 pH probe produce mV readings >50
mV in 7.00 pH while maintaining calibration within
specified data quality objectives. New probes tend
to track near 0 mV and with age they range higher.
With each calibration, record mV at 7.00 pH and
watch for unstable readings. When mV
measurements first exceed £50 at 7.00 pH, or when
fluctuations are first noticed, calculate the sensor’s
slope by also recording pH mV in the 4.00 or 10.00
buffers. The difference (absolute value) between the
two mV readings is the sensor slope and the
acceptable range is 165-180. Sensors that are out-of
-range for pH 7.00 mV or slope can be
reconditioned by soaking the probe overnight in 2
M KCL solution or 1 hr in 1M HCL followed by 1
hr in tap water. Probes that are stable, maintain
calibration and are within diagnostic ranges can
continue to be used. Probes that do not respond to
cleaning and continue to have an unacceptable slope
should be retired.

Specific Conductivity

Calibration. The conductivity probe is reported
by YSI to be linear for the specified range of 0-100
mS/cm. Therefore, only a single point calibration is
needed with a standard in the range of the sampling
station’s specific conductivity. Standard solutions
should be traceable to NIST standards and have a
stated accuracy of <1% of the standard
concentration. An acceptable alternative to
commercial standards is to prepare your own
standard starting with a stock 1.0 M KCL solution.
If preparing a KCL standard, the user should follow
instructions from MassDEP’s SOP on Water
Quality Multi-probes (MassDEP 2005) and must
have access to high quality deionized water.
Acceptable standards for freshwater sampling range
from 1.0 mS/cm for freshwater to 50 mS/cm for
marine waters. However, due to high linearity, YSI
has recently recommended a single mid-point
standard (10 mS/cm) for all calibrations.



Conductivity Troubleshooting. The YSI
conductivity probe has proven to be reliable and
consistently holds calibration for long deployments.
To minimize temperature compensation error,
calibrations should be conducted at stable room
temperature near 25 °C. Be aware of incorrect
readings during calibration caused by air bubbles
trapped in the conductivity cell or from having too
little standard solution to cover the entire cell. Add
more solution or gently move the probes up and
down to remove the bubbles. If calibration or field
measurement errors are suspected, the conductivity
cell constant can be checked in the Advanced Menu
under “Cal Constants”. The acceptable range is 5 +
0.45. Values outside this range point towards a
problem with the probe or calibration solution. The
probe can be further checked by removing it from
the sonde and reviewing the conductivity reading.
Values of 0.00 + 3 uS/cm are acceptable and values
outside this range indicate that probe or port
connectors are contaminated and must be cleaned.
Soapy warm water is used to clean the probe and
connectors. For severe contamination, soak the
probe in hot, soapy tap water for one hour; followed
by DDW rinses and air drying.

Salinity. Salinity readings are derived from the
YSI’s measurements of conductivity and
temperature. No calibration is required for salinity
measurements. However, the user should recognize
that the algorithm for deriving salinity is linear for
all measurements of conductivity. Therefore,
salinity concentrations will be assigned for low
levels of conductivity even when sampling is
conducted in freshwater with no saline water
present. This feature may require the attention of
users when deployments are near the salt and
freshwater interface. The response in these cases
could be to require data corrections for false low
salinity readings or to ignore the parameter in
freshwater.

Turbidity.

Calibration Standard. A two-point calibration is
recommended by YSI using DDW as the 0.0 NTU
standard and 123.0 NTU polymer-based standard
manufactured by YSI (Item 6073). Other
commercial turbidity standards are available, but
not recommended at this time. The DDW should
come from a high quality laboratory system
documented in Section 2.0 Technical Notes.
Turbidity standards should be stored away from
direct light in a constant temperature setting.
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Option: although 123.0 NTU is preferred and
recommended as the second standard, because of
the high cost, 123 NTU standard can be reduce
volumetrically the 123 NTU standard to a 10 NTU
or 20 NTU standard using DDW water.

Calibration. First, run a wiper cleaning cycle to
be sure the wiper does not park on the optic port.
Next, the two-point calibration should be conducted
using the black bottomed, extended calibration cup
with the cup resting on the laboratory bench and the
sonde clamped to a laboratory stand with the probes
pointing downward into the cup. The sonde
bulkhead should rest on the top thread of the
calibration cup. If the probe is less than three
inches from the bottom of the cup (as with a
standard calibration cup), field readings of turbidity
can be slightly negative (about -0.5 NTU) from
actual reading. Start the calibration with the 0.0
NTU standard and be sure to make an extra rinse
with DI water before and after this calibration. Be
aware of bubbles or the wiper blocking the turbidity
sensor and causing an erroneously high reading
during calibration. Conduct the second point of
calibration with 123.0 NTU.

The recent transition from the 6026 turbidity
sensor to the more accurate 6136 sensor and from
single optical port sondes to the dual optical port
6920 V2 has created calibration concerns. The
problem may only become evident when the
sampling of clear water produces negative turbidity
measurements.  However, this error must be
addressed for all 6920 V2 applications. There are
two processes that introduce error into 0.0 NTU
calibrations. First, the new optical sensor is better at
detecting low levels of contamination that are
introduced to the 0.0 NTU standard from the
calibration cup and sensors. Secondly, the change
from a single, centered optical sensors to two off-
centered optical sensors in the 6920 V2 contributes
interference from the bottom of the calibration cup.
These sources of error will create a positive offset
of about 0.2 to 0.8 NTU. YSI recommends (Mike
Lizzote, YSI, pers. comm. Nov. 2008) two methods
for correcting the offset at 0.0 NTU for 6920 V2s
following the two-point calibration.

1.) Place the sonde with sensor guard attached
into a 3-5 g bucket of DDW that has settled for two
hours. Once the turbidity value has settled (it may
be slightly negative), conduct a one-point
calibration for 0.0 NTU. This process accounts for



both the calibration cup and contamination error
and is the preferred offset method.

2.) Repeat the 0.0 NTU calibration in the
calibration cup as a one-point calibration. Assign
the YSI recommended value of +0.5 NTU to offset
the positive error. This process is less time
consuming than the first but less accurate. It is
recommended that the first offset method be
conducted at least once per season.

Turbidity Troubleshooting.  The YSI turbidity
probes have not demonstrated longevity within our
applications. Probe failure during the second season
of use has been common. Probe failure is usually
first indicated by poor or failed post-calibration
performance. There are few diagnostic checks
available to the user to evaluate the turbidity probe.
You can cover the turbidity sensor with your finger
and should see a reading of 1000-1400 NTU. If the
sensor does not respond to your finger, the probe
has failed and must be returned to YSI for
reconditioning or discarded. The 1000-1400 NTU
range is also a signal during post-deployment QA/
QC that the sensor was probably blocked by debris
while recording data. Option: if available, a
laboratory bench-top turbidity meter can be used to
check YSI probe performance with standard
solutions.

When using 6136 turbidity sensors with 6920
sondes, be sure to that the sonde and 650 display
firmware are upgrades to Version 3.06. For
unattended sampling, the turbidity time constant
should be increased from the factory setting of 12
seconds to 30 seconds (menu: Advanced/Data
Filter/Time Constant). This will improve the
sensor’s stability at low turbidity measurements.
For all uses of 6136 sensors, be sure to use black-
colored turbidity wiper mounts or blacken white
wipers with paint or markers. Users of 6600 sondes
should consult with the YSI manual to account for
the different calibration cup size from the 6920
sonde.

Deployment Procedures.

Initiate Unattended Logging. Once calibration
is complete, follow YSI manual instructions to
initiate unattended logging. Logging sampling
frequency is dependent on project, and typically 15,
30, or 60 minutes. Specific projects should select a
consistent sampling frequency. The logging
interval is dependent on battery capacity, sampling
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frequency and sensor performance. Deployments of
3-4 weeks are suitable for most projects. Intervals
that exceed 5-6 weeks run the risk of losing power
or DO membrane failure. Assign a file name for
each deployment that has a three-digit year/
deployment code (ex. Jones071). Verify correct
date and local standard time, parameter setup, and
start logging. Be sure to activate pH mV and DO
charge in Report Set-up. In Advanced Set-up,
activate Auto sleep RS232 and SDI-12 functions
with a 60 second interval for DO warm-up.

Sonde Preparation and Deployment. The sonde
anchor should be streamline and allow the sonde to
sit parallel to flow without high visibility. The
anchor should allow the sensors to sit at least two
inches above the substrate to avoid interactions with
sediment. A 20-40 Ib. section of railroad track is a
good platform to use as an anchor. The sonde can
be attached to the anchor with black tie-wraps and
duct tape to reduce visibility. Wrap the sonde with
a cloth rag before applying duct tape. Insert a
business card or agency ID in waterproof sleeve
into the exterior wraps of duct tape. The sonde and
anchor should have low visibility once sitting on the
stream bed. Orient the sonde so the sensors face
downstream to avoid catching debris on the sensor
guard.

Post-Deployment Procedures. Following every
retrieval of sondes, QA/QC checks and post-
deployment calibration must be conducted in the
laboratory with the sonde acclimated to room
temperature. If the sonde will be redeployed and
has a 6562 DO sensor, then planning must allow for
a DO membrane change. In this case, the best
approach to avoid losing chemistry readings for a
calendar day is to retrieve the sonde in the afternoon
and conduct the precision checks, DO and turbidity
post-deployment checks, and membrane change that
afternoon. The remaining post-deployment
calibration can be conducted the next morning
before redeployment.

Download Data. Download data to YSI 650
display or PC. Briefly view field data to confirm a
successful deployment and to flag compromised
data or probes that have potentially failed.

DO Post-Deployment Check. The DO 6562
probe performance should be checked before
cleaning or changing the membrane. Repeat the pre-
deployment test for DO. This reading will serve as
the post-deployment check for DO. Following the



test, the DO membrane should be changed. The
following morning the DO probe should be
calibrated again to set the calibration for the new
membrane. For sondes with the optical DO probe,
only a single calibration is needed and can be done
in sequence with the other parameters.

Turbidity Post-Calibration Check. Inspect the
sensor face to identify and record any evidence of
biological fouling near the optics. Remove wiper
and thoroughly clean all sensors. Reinstall the
wiper and verify that it is parking correctly. Prior to
the two-point calibration, conduct an “after
cleaning” check with DDW. This value will be
recorded as an indicator of sensor drift.

Post-Deployment Calibration.  This step is
crucial because it will provide the information
needed to evaluate the quality of the logged data
and serve as the pre-deployment calibration for the
next deployment. Proceed with the calibration
using the same protocols as during pre-deployment.
Conduct additional sensor and sonde bulkhead
cleaning if there is evidence that the sensors are not
residue-free following the initial cleaning and two
DI rinses.

Battery Changes. In most cases, batteries will
be replaced with each deployment. Batteries can be
redeployed if voltage is >11.5 V for deployments in
warmer weather. Decisions on changing batteries
should consider temperature, sampling frequency
and deployment duration.

Quality Control and Assurance

There are two processes for reviewing and
validating YSI multi-probe water chemistry data.
The first process is to export YSI EcoWatch data to
Excel and review the raw data to flag potential
outliers and trim *“out-of-water” data. Secondly, the
pre and post-deployment calibration data are
reviewed to identify if the data are within
acceptable ranges of accuracy and precision. Once
these protocols are completed, the data can be
adjusted where needed and classified.

Data Documentation. Raw water chemistry data
are saved in an annual Excel data file that is named
after the river sampled and year (e.g., Parker River-
2005). The following three worksheets in this file
contain water chemistry data: raw data, final data,
and daily mean. The Excel data file also contains
three additional worksheets used for calibration and
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QA/QC review. The first form, Calibration Form
2.1 will be a printed form used in the laboratory
while conducting calibrations. The user can keep a
paper file for Form 2.1 or elect to enter data into the
worksheet Form 2.1. Data from Form 2.1 is next
transcribed to Form 2.2 which is used to review all
calibrations for that season. The third form is Form
2.3, which summarizes all calibration and QA/QC
procedures for the sampling season and classifies
the data. Forms 2.2 and 2.3 will be maintained as
electronic files.

Database Management. Data files will be saved
on the common server (W:\) and back-up files will
be saved on the primary server (P:\) of the Database
Manager. The data classification will be updated by
the QA/QC Analyst and care should be made to
ensure the back-ups are consistent with the primary
files. Once all possible review is completed and
data has received the final classification, the annual
river data file will be saved as read-only files in
both the common and primary servers.

Data file Review.

Deployment Schedule. The raw data worksheet
in the annual Excel data file should be reviewed to
confirm that deployment time, retrieval time, and
the sondes internal clock are consistent with Form
2.1 records. Make notes in the raw data worksheet
to indicate the start and end of each deployment.
Copy raw data to the worksheet named final data
and trim data that were recorded before or after the
sonde was placed in the river.

Outlier Review. Scan the data for each
deployment in the raw data worksheet for outliers
and evidence of failed probes. Make notes on
obvious problems. The most common errors we
have found are failing DO probes (usually
membrane damage) and debris blocking the
turbidity sensor. Highlight potential outliers and
return to these questionable data once you have
summarized the calibration. With the exception of
salt wedge influence on conductivity, and debris
blocking turbidity optics, most outliers are caused
by probe failure and will be flagged during post-
deployment calibration.

Turbidity Outlier Troubleshooting. Some data
outliers are easily flagged and others are
measurements that could occur naturally without
clear indication that these marginal values should be
censored. Debris covering the turbidity sensor will



produce a high turbidity reading near the sensor
maximum (1000-1400 NTU). If a single reading in
that high range occurs with base flow turbidity on
either side of the measurement, this outlier should
be eliminated (Censored) from the final data
worksheet. The difficulty comes with random
spikes over 100 NTU during rain events. Some of
these higher readings could be a partially blocked
sensor. It is recommended that turbidity data from
all annual deployments in a river are reviewed at the
same time to develop an understanding of base flow
conditions. A calculation should be made of each
river’s mean turbidity during base flow (no
precipitation) for each season. Base flow values that
are 3x the value of the nearest value and >3 SD of
the mean base flow should be classified as
Conditional and scrutinized as potential outliers.
This approach can be confounded by low turbidity
water and poor resolution of precipitation data. It is
acknowledged that the QA/QC response to turbidity
outliers has limitations in this SOP and more
experience is needed to refine appropriate
validation criteria.

DO Outlier Troubleshooting. In the case of DO,
a breached membrane will cause a slow, but
apparent reduction of DO charge and
concentration. The post-deployment calibration will
confirm the membrane has failed. The QA/QC
Analyst must then review the data stream to decide
at what time the membrane failed and strike these
data.

Calibration Review. The QA/QC Analyst should
complete the Calibration Review Form 2.2 and
assign a preliminary status for each parameter on
the basis of the calibration results. Calibration
results for each parameter in Form 2.2 will be
classified as Accept, Conditional, or Censor.
Following a review of the raw data worksheet, the
QA/QC Analyst summarizes calibration results and
other deployment checks on Form 2.3 in order to
classify all river data for the season.

If a probe passed the pre-deployment and post-
deployment calibration (allowable deviations for
accuracy and precision) and outliers were resolved,
then the data can be accepted as Final. Data that
exceed the allowable deviations up to twice the
specification should be reviewed further to confirm
the raw data are within expected baseline conditions
for that river. Any potential causes for reduced
accuracy or precision should be noted and the data
should be classified as Conditional (shade cells
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yellow in final data). Calibration data that exceed
the allowable deviation by more than twice the
specification should be evaluated as a candidate to
be Censored. Form 2.3 should document causal
factors for deviations and outliers and provide
concluding comments on the decision to Censor the
data or keep it as Conditional. Censored data should
be shaded red in the final data worksheet and not
transferred to the daily mean worksheet. Future
SOP versions will include warning and control
limits based on parameter deviations from seasonal
mean values. Overall, with the exception of the
turbidity sensor, Censored data will most often be
associated with a failed probe. Violations of
turbidity accuracy specifications are not uncommon
and the turbidity measurements will have a higher
proportion of outliers than other parameters.

Data file Classification. The QA/QC Analyst
should review the data and classify the QA/QC
review status and data status using the classes listed
below. The QA/QC status classes refer to the
review stage for the entire data file. The data status
classes refer to the status of data under the QA/QC
review. This data file classification is consistent for
all four SOPs in this QAPP.

QA/QC Status

1. Draft. Data processing is in progress, and
QA/QC has not been conducted.

2. Preliminary. Data processing is complete,
but QA/QC is not complete. Data can be used
for internal project summaries.

3. Complete. All data processing and QA/QC
review is completed.

Data Status

1. Preliminary. Data have been entered from
field sheets or downloaded but QA/QC review
is not complete.

2. Censored. Data are eliminated because of
instrument failure or QA/QC performance.

3. Conditional. Data are fully audited and QA is
complete, but have deficiencies that are
documented and may limit use.

4. Final. Data are fully audited, checked and
acceptable.



Linear Adjustment of Data. The YSI operation
manual does not offer suggestions for adjusting data
following the identification of QA/QC problems. In
some cases, you will not be able to identify a causal
factor for a probe failing calibration or for outliers.
When a successful pre-deployment calibration is
followed with poor post-deployment calibration
there may be evidence of an error in post-
calibration procedures or steady directional drift in
measurements. For example, during post-
deployment calibration the turbidity sensor could
measure 4.0 NTU lower than the 0.0 NTU standard
and the raw data consistently has base flow values
lower than expected and some negative values. In
this situation, linear adjustment may be appropriate
if a calibration error can be identified. These data
would remain Conditional but could be used for
daily mean data. For this SOP version, linear
adjustment will only be permissible when a clearly
identified calibration error influenced a probe’s
performance in a linear manner for an entire
deployment. More review and guidance is needed
on the use of linear adjustment for YSI data in
future QAPP versions.

Field Precision Measurements. For QAPP
Version 1.0, there will be no requirements to assess
the precision of replicate measurements in the field
for long-term deployments. Parameter precision
will be measured with each pre-deployment and
post-deployment calibration in the laboratory. This
decision has been made because of the very high
precision observed to date with program laboratory
measurements and because sondes are programmed
at 15-60 minute intervals and attached to anchors
before heading out in the field. Option: if questions
develop over the precision of field measurements,
the sonde can be activated for long-term
deployment after recording 2-3 replicate measures
at two minute intervals at the sampling station.
Another option is to record replicate measurements
for two or more program sondes placed side-by-side
at the sampling station before and/or after each
deployment. The acceptable RPD and RSD for
these replicates is < 5%.

Single Point Measurements

The YSI sondes are also used to collect
individual, single point measurements or grab
samples at various river, lake and marine sampling
stations. The collection of grab samples requires the
user to follow all sampling and calibration protocols
applicable from the YSI operations manual. The
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user should also follow all calibration, deployment
and storage procedures from the Long-Term
Deployment section of this SOP with the following
single point exceptions.

Calibration.

Calibration  Frequency. When possible,
calibrate the sonde on the day of sampling. This is
not always practical or necessary for some
applications. At a minimum, calibration should be
conducted on the first day of sampling during a
given work week and continue during the sampling
season on a weekly basis. We have calibrated YSI
sondes on a daily basis for many years and found
this high calibration frequency was not necessary to
maintain probe performance specifications. Option:
if post-deployment calibrations identify concerns
with weekly calibrations, program participants can
increase the calibration frequency. This approach
has been recommended in past YSI manuals for DO
measurements.

DO Sensor. Make sure the AutoSleep RS-232
function has been turned off for grab sampling.
This function is found by following the sonde’s
Setup Menu to Advanced Menu. Option: YSI
presently recommends conducting an on-site pre-
deployment check for DO #6562 probes by
wrapping the sonde in a wet towel soaked in tap
water. In this condition the sonde is run for 10
minutes to confirm that the DO value is within
specifications. If the reading is out of tolerance,
then simply recalibrate on site. This check is an
option for the #6562 probe and not needed for the
optical sensor because vibrations and temperature
swings can affect the Teflon membrane and cause
sensor drift. This is only an option and not a
recommendation because with careful treatment of
the instrument, we have not experienced frequent
post-calibration drift while grab sampling with
weekly calibrations.

Temperature Check. The accuracy check on the
temperature sensor should be conducted at least
monthly during laboratory bucket precision checks.
Weekly checks are not necessary.

Sample Collection.

Sample Location. A sample location should be
designated and recorded in GPS at each river
station, and consistently used. The location should
have an identifiable landmark and receive mixed



flow from the stream channel. Most sampling
under this SOP will be in the spring. It is possible
that the sampling location within a river will need a
slight adjustment when sampling in the summer at
lower flows.

Water Column. The water column depth where
measurements are recorded should be standardized
for each monitoring project. Surface measurements
for rivers and lakes should be recorded at a depth
that exposes the sonde cable connector to air and
places the probes at a depth of approximately 0.3 m.
In shallow streams (<0.3 m) the sonde can be rested
horizontally on the bottom when hard substrate is
present or tilted at an angle with the probe guard on
the bottom and the cable connector resting on the
sampler’s boots or a designated rock.

Acclimation Time. The acclimation time for
probes to settle to accurate values is primarily
dependent on temperature. To be consistent, for the
first sample at a given station, allow at least 10
minutes of acclimation time for all grab
measurements when water temperature >5 °C.
Changes in water pH and DO between stations can
also influence response time for those probes,
especially in cold water. The acclimation time
should be increased to 15 minutes for water
temperature <5 °C. A 10-minute acclimation time
may appear too conservative for summer sampling;
however, stratification in lakes can slow probe
response while changing sample depth. Additional
measurements at a station (primarily water column
sampling in lakes) can be taken after a 5-minute
acclimation period, providing that the sonde did not
pass through the thermocline to reach the next
sample. In all cases, monitor the display to
determine when the probes have stabilized. Sondes
that rested in a warm car for a long drive may need
a few extra minutes to acclimate in cold water.

Multiple Samples.  For QA/QC purposes,
replicate measurements will be made to assess
sampling precision. All river station measurements
should be made in triplicate at two minute intervals.
For lakes, where multiple water column
measurements are made, a duplicate measurement is
sufficient to check field sampling precision. The
duplicate should be made of a surface sample at a
two minute interval only for one station per lake.

Quality Assurance. The review of sonde
calibrations and precision checks will follow the
same process as for unattended logging. Deviations
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from accuracy specifications and parameter RPDs
>5% will result in classifying sensor data as
Conditional. The warning limit for turbidity RPD is
set higher at 25% because of the common
occurrence of deviations from equilibrium for low
turbidity concentrations in a flowing stream.

Data Recording. Field data should be recorded
to the YSI 650 display to a file designated for the
given river and year. The file can be downloaded at
the end of the season to Ecowatch. It is an option
for each participant and user to also transcribe the
data to a field sampling sheet (not supplied in
QAPP) as a safeguard against data loss. With
experience and careful attention, we have found that
paper records as back-ups have not been necessary.
Secondly, the advent of replicate sampling to assess
precision created an onerous transcription effort.

Data Documentation. Raw data should be
transcribed or downloaded to an annual Excel data
file that contains data for all river stations. Grab
sample calibrations are documented on Form 2.4
and QA/QC is evaluated by transcribing weekly
calibration data to Form 2.2. Form 2.3 will not be
necessary for grab sample data.

Database Management. Use the
procedures as with Long-Term Deployments.
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Storage and Transportation

During the sampling season, instruments should
be transported and stored in a carrying case. The
case should be cushioned to prevent movement of
the sonde during transport. The calibration cup
should cover the probes with a third volume of tap
water. After each use, the sonde (with calibration
cup on) and display unit should be allowed to air-
dry. After each marine deployment, all components
should be cleaned with tap water. The carrying case
should be set to dry out on a weekly basis.

Maintenance

With-in_Season. It should not typically be
necessary to remove probes from sonde during with
-in season maintenance for freshwater deployments.
A test-tube brush or toothbrush is suitable for
dislodging sediment and organic deposits. The
probes can be soaked briefly in warm, soapy water
or white vinegar prior to cleaning. With each
cleaning between long-term deployments inspect
conductivity ports, DO anodes, and the glass bubble




of pH probe and refer to YSI operational manual for
specific cleaning instructions. The turbidity wiper
pad should be removed and cleaned (or replaced)
following each long-term deployment.

Sonde, Probe, and Cable Connectors. Be careful
not to drop the disconnected cable connectors into
dirt or hard surfaces. With careful use, the cables
will perform well for many years. The problems
associated with small amounts of contamination on
the connectors are easily avoided. Very high or low
readings can often be associated with dirt or water
on the connections. If this occurs, the connectors
can be cleaned with warm soapy water applied from
a squirt bottle. Following cleaning, dry the
connectors thoroughly with air pressure or a hair
dryer.

Annual Maintenance. At the end of the
sampling season, remove all probes and clean o-
rings. Probes should be cleaned and stored dry,
except the DO probe should be fitted with a new
membrane and stored in tap water, and the pH
probe is stored in 2 M KCL. The pH probes can be
stored for a month or less in tap water, but never in
distilled water and should not be allowed to dry out.
Replace any o-ring that shows the slightest sign of
wear. When probes are re-installed for the start of
the sampling season, lubricate all o-rings with a
light application of silicon grease.

Technical Notes

YSI Calibration Tips. Mike Lizotte of YSI
produced a document in 2009 with up-to-date tips
on calibrating YSI 6-Series sondes (Lizotte 2009).
This document is a valuable supplement to YSI
manuals. Users of this QAPP should obtain a copy
and become familiar with the tips. It is expected
that Mike will upgrade the document periodically
and make it available soon on the YSI website. The
document provides valuable support for
troubleshooting under this QAPP.

Distilled Water. Distilled water can be used for
standard preparations if the laboratory distiller
provides high grade distilled deionized water. The
distiller and deionizer should be listed in the SOP
with specifications for resistivity and annual
maintenance. If high grade DDW can be achieved
and maintained, then the DDW can be used to
prepare pH buffers, 0.0 NTU standard, and to
prepare turbidity standard dilutions. The
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conductivity of DDW water should be recorded
during each laboratory precision check.

Anniguam River Marine Fisheries Station
Distiller and Deionizer. At the MarineFisheries
Gloucester facility we have Barnstead Fistreem
Glass Still (Model# A56220-857) purchased in
1999. The deionizer is a Barnstead Mega-Pure
Automatic Deionizer (Model# D440046) purchased
in 1996. The deionizer has been preset to a
resistivity of 50K ohm-cm with a signal light
prompt to indicate that resistivity is greater than
50K ohm-cm and the water is properly deionized.
Both systems are serviced annually by a
commercial vendor and as of 2009 have not failed
to meet factory specifications.

Specific _Conductivity. The conductivity
accuracy specifications stated for YSI probes (2002
and 2005 manuals) are £ 0.5% plus 0.001 mS/cm of
reading when properly calibrated. Our experience
has found this probe to be one of the most
consistent and durable YSI probes; however, a

quality control problem exists since slight
deviations from low concentration standard
solutions will exceed the accuracy level. Post-

deployment calibration violations are more likely
for freshwater applications than marine. These
specifications have changed over time, as evident
from the 1997 YSI 6820 manual that reported a
sensor accuracy of 5% from standard solutions.
For this project, we will adopt a £2% deviation
from standard solutions as acceptable accuracy for
Final Data. Deviations from +2-5% will result in a
Conditional classification for data, and data that
exceed 5% will be Censored unless a calibration
error provides justification for linear adjustment.

The remaining three categories in Technical
Notes are not SOP recommendations. They are
references on evolving alternative methods that can
be applied by project partners in a troubleshooting
mode or considered for future QAPP versions.

Dissolved Oxygen. The YSI protocols for
calibrating DO probe #6562 have been tuned over
the years with increasing experience. Recent
suggestions allow for pre and post-deployment
calibration of the DO probe while the sonde is in
logging mode with a sample frequency of 15
minutes or less. This option is an acceptable
alternative to the protocols in the Long Term
Deployments section under DO Calibration (6562
sensor). To calibrate while logging, allow the




sonde to record data for 2 hours before deployment
with the calibration cup set for DO calibration.
After 2 hours, calibrate the DO probe. With this
process, you will have water-saturated air data
recorded. The post-deployment check is done in the
same manner while the sonde is still logging. This
approach provides a longer record of data to
evaluate DO sensor drift which may benefit some
applications. Recent YSI suggestions have also
reduced the waiting time from 3 to 6 hours
following membrane change to calibrate. In most
cases, this will still equate to waiting overnight after
the membrane change.

Air-Saturated  Water. Recently YSI
recommended using air-saturated water as an
alternative method for calibrating DO sensors.
Allow a 5 g bucket of water to aerate for at least 1
hour with an aquarium air pump and air stone.
Place the sonde with sensor guard attached into the
bucket to acclimate for 10-minutes and calibrate to
100% saturation. The air-saturated water calibration
requires more time than the water-saturated air
calibration but is reported to create less opportunity
for error. Both methods can produce the same
results if done correctly. This method is not
recommended as the primary approach for DO
calibration for this SOP due to of concerns over
consistency among program participants that could
result in calibration saturation values that are under
or over 100%.

Zero DO Standard. MassDEP recommends the
application of zero DO standard checks when low
DO values are expected in the field (MassDEP
2005). MassDEP began using the zero DO standard
prepared with DI water and sodium sulfate in 2006.

Low lonic Standard. MassDEP recommends a
protocol for using a quality control standard for pH
and conductivity when sampling low ionic waters
(MassDEP 2005). A low-ionic phosphate standard
stock solution can be prepared to confirm sensor
performance.
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YSI 6-Series Sonde -- Calibration Form 2.1

STEP 1: PRE-CLEANING CHECK LOCATION:

SONDE ID:
DATE: TIME: INITIALS:
Parameter Pre-Cal Reading |Post-Cal Reading
DO Sat% Time (in):
DO Charge (6562 only) Time (out):
Turbidity (0.0 NTU) Clock Check:

(correct/DST)

STEP 2: PRE (or POST)-DEPLOYMENT CALIBRATION
DATE: TIME:
Parameter Pre-Cal Reading Standard Used |Post-Cal Reading |RPD (1) |RPD (2) |RPD (%)
Temperature (°C)
Sp. Cond. (mS/cm)
DO Sat% (new mem.)
pH (1)
pH (2)
Turb. (1) (NTU)
Turb. (2) (NTU)
Depth (m)
pH mV (for pH7) Battery Charge (V) pre/post change:
DO Charge (new mem.) Wiper Service:
mmHg New Filename:
NOTES:
STEP 1: PRE-CLEANING CHECK LOCATION:

SONDE ID:
DATE: TIME: INITIALS:
Parameter Pre-Cal Reading |Post-Cal Reading
DO Sat% Time (in):
DO Charge (6562 only) Time (out):
Turbidity (0.0 NTU) Clock Check:

(correct?/DST)

STEP 2: POST-DEPLOYMENT CALIBRATION
DATE: TIME:
Parameter Pre-Cal Reading Standard Used |Post-Cal Reading |RPD (1) |RPD (2) |RPD (%)

Temperature (°C)

Sp. Cond. (mS/cm)

DO Sat% (new mem.)

pH (1)

pH (2)

Turb. (1) (NTU)

Turb. (2) (NTU)

Depth (m)

pH mV (for pH7)

DO Charge (new mem.)

mmHg

NOTES:

Battery Charge (V) pre/post change:

Wiper Service:

New Filename:
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MASSACHUSETTS DIVISION OF MARINE FISHERIES

YSI| 6920 Deployment.  River: File Type:
Year: Data Status:
QA/QC Analyst:
Sonde ID:
QA Status:

1)

1)

Notes:

Pre-Deployment

SOP Specs. Pre- Standard Post-

Calibration Form 2.2

Parameter Units (€3] Calibration Calibration Notes
Date
Temp. (°C) 0.3
DO (% sat.) |5%
Sp. Cond. |(mS/cm) |2%
pH (1) 0.2
pH (2) 0.2
Turbidity (1) [(NTU) 2.0 or 5%
Turbidity (2) [(NTU) 2.0 or 5%
7.0 pH mV (-30 to +30)
DO charge <75
Summary:

Post-Calibration

Allowable
SOP Specs. Pre- Standard Post- Deviation Deviation Status
Parameter Units =) Calibration Calibration from Spec. (2)
Date
Temp. (°C) 0.3 (Accept/Cond./Reject)

DO (pre) (% sat.) 5%

DO (post) (% sat) 5%

Sp. Cond. (mS/cm) 2%

pH (1) 0.2

pH (2) 0.2

Turbidity (1) (NTU) 2.0 or 5%

Turbidity (2) (NTU) 2.0 or 5%

7.0 pH mV (-30 to +30)
DO charge <75
Summary:

1.) Add extra tables for each post-calibration.

2.) Remove "DO (post)" and "DO charge" rows for calibrations with optical DO probe (no probe membrane).
3.) Classify each parameter as Accept, Conditional or Reject. This is a preliminary status for each

parameter based only on the calibration results.
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MASSACHUSETTS DIVISION OF MARINE FISHERIES

YSI 6920 Deployment:

River:

Dates:

Deployment History:

Maintenance:
Review Note:

PRE-DEPLOYMENT

Calibration

Status

File Type:
Sonde ID:

QA/QC Form 2.3

QA/QC Analyst:
QA Status:

Notes

WaterTemp.

DO

Sp. Cond.

pH (1)

pH (2)

Turb. (1)

Turb. (2)

7.0 pH mv

DO charge

Battery (V)

Internal Clock

Summary:

POST-DEPLOYMENT

Deployment Time:
Retrieval Time:
Internal Clock Time:
Battery (pre/post V):
Notes:

QA Review

Calibration No. 1

Calibration No. 2

Time and Battery Check
Calibration No. 3

Pre-Deployment
Calibration

Calibration No. 1

Calibration No. 2

Data
Status

Accuracy Precision
Spec. Dev. RPD (%)

Accuracy Precision
Spec. Dev. RPD (%)

Data

Status

Accuracy Precision
Spec. Dev. RPD (%)

Data

Status

Temp. (°C)

DO (% sat.)

Sp. Cond. (mS/cm)

pH (1)

pH (2)

Turb. (1) (NTU)

Turb. (2) (NTU)

7.0 pH mv

DO charge

Outlier Review

Data

Adjustments

Data Completeness:
Summary:

29




YSI 6-Series Sonde -- Calibration Form 2.4

DATE: TIME: INITIALS:
PROJECT: QA STATUS:

Relative Percent Difference
Variable Pre-Cal Reading | Standard Used |Post-Cal Reading |RPD (1) |RPD (2) |RPD (%)
Temperature (°C) NA
Sp. Cond. (mMS/cm)
DO Sat.%
pH (1)
pH (2)
Turb. (1) (NTU)
Turb. (2) (NTU)
pH mV (for pH7)
DO Charge Sonde ID:
mmHg:

DO Membrane Change? (Y/N):

NOTES:
DATE: TIME: INITIALS:
PROJECT: QA STATUS:

Relative Percent Difference
Variable Pre-Cal Reading | Standard Used |Post-Cal Reading |RPD (1) |[RPD (2) |RPD (%)

Temperature (°C)

NA

Sp. Cond. (mS/cm)

DO Sat.%

pH (1)

pH (2)

Turb. (1) (NTU)

Turb. (2) (NTU)

pH mV (for pH7)

DO Charge

mmHg:

NOTES:

Sonde ID:

DO Membrane Change? (Y/N):
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Section 3.0
Assessment

Rainbow Smelt Spawning Habitat

Scope and Application

Rainbow smelt (Osmerus mordax) are an
anadromous fish native to the Atlantic coast of
North America. Smelt are an important forage fish
for many species of wildlife and supported
traditional commercial and recreational fisheries in
New England that have declined in recent decades.
The declining fisheries trend and reduced presence
in Southern New England prompted the National
Marine Fisheries Service (NMFS) to designate
smelt a “Species of Concern” in 2004 under their
review process for the Endangered Species Act.
Currently, the states of Maine, Massachusetts, and
New Hampshire are working cooperatively under a
grant from the NMFS Protected Species Division to
develop a conservation plan to prevent further
reductions in New England smelt populations.

Smelt spawning in New England occurs during
the spring freshet in March-June. Spawning habitat
is typically found at gravel and cobble riffles
upstream of the tidal interface. Smelt deposit
demersal, adhesive eggs that incubate in spawning
riffles for 1-3 weeks, depending on water
temperature. The reproductive strategy of
depositing an adhesive egg for a long incubation is
susceptible to reduced success if the spawning
habitat is degraded. Land use and hydrology
alterations in urban areas have left streams
vulnerable to impacts from nutrient enrichment,
reduced, shading and riparian buffer, and non-point
source pollutants. Watershed alterations in
Massachusetts have contributed to spawning habitat
degradation from physical alterations, reduced flow,
sedimentation, eutrophication, and acidification
(Chase 2006). Eutrophication may be the primary
source of degradation in urban watersheds by
causing excessive periphyton growth in spawning
riffles. These concerns have also been raised for
smelt runs in tributaries to the St. Lawrence River
in less urban regions of Quebec (Lapierre et al.
1999). Field observations in Massachusetts indicate
that high periphyton growth at spawning riffles
causes reduced smelt egg survival (Chase 2006).
However, relationships between water quality,
smelt spawning habitat degradation, and smelt
populations have not been assessed. More
information is needed on the condition of smelt
spawning habitat in New England and influences on
habitat quality.
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The influence of nutrient pollution on water and
habitat quality in rivers and lakes is a growing
concern in the United States (US EPA 1998;
Mitchell et al. 2003). The trophic state of a river is
influenced most by light, carbon sources, nutrients,
hydrology and food web structure (Dodds 2007).
Among these influences in developed watersheds,
nutrient enrichment is most dependent on human
activity and may be most amenable to remediation
efforts. The US EPA recommends that States
develop nutrient water quality criteria that can be
used to protect specific designated uses of aquatic
habitat under Clean Water Act (CWA) assessment
and remediation processes (US EPA 2000a). This
approach depends on setting criteria or reference
conditions for causal and response variables that
can act as thresholds for protecting designated uses.
The reference conditions will represent minimally
impaired water quality and are based on the lower
25" percentile of a statistical distribution of causal
and response variables. Section 3.0 adopts the US
EPA recommended approach for developing water
quality criteria for smelt spawning habitat with the
goal of producing an assessment tool that can
contribute to Clean Water Act processes and protect
smelt spawning habitat throughout the species
range. Smelt spawning habitat will be assessed with
three approaches in Section 3.0: spawning habitat
delineation, field measurements of water quality
and primary productivity, and the application of
water quality criteria.

Monitoring Objectives. The main purpose of
Section 3.0 is to provide standardized protocols for
delineating and assessing smelt spawning habitat
and to develop habitat assessment tools within the
framework of US EPA and MassDEP CWA
guidelines. The following objectives should
improve our understanding of the negative and
positive influences on water and habitat quality at
smelt spawning habitat and provide valuable
information for the resource management goals of
protecting and restoring anadromous fish habitat
and enhancing smelt populations.

1. Delineate and document river and stream
locations where smelt spawning occurs.

2. Select fixed sampling stations at smelt
spawning habitat where biotic and abiotic
parameters related to spawning habitat will be
measured. Identify water and habitat quality



deficiencies at each station using physical, chemical
and biotic criteria.

3. Develop reference condition thresholds and
relationships between abiotic conditions and
measures of primary productivity.

4. Incorporate monitoring results into CWA
processes for protecting designated habitat uses and
make recommendations for improving and
protecting specific habitat locations.

Reference Conditions.

Nutrients. The US EPA’s Nutrient Criteria
Technical Guidance Manual for rivers and streams
(US EPA 2000a) recommends several statistical
approaches for developing nutrient criteria for total
phosphorus (TP), total nitrogen (TN) and
chlorophyll a (chl a). In the absence of data on
reference conditions for protecting designated uses,
US EPA recommends using the 25" percentile of
the distribution of measured variables from a
population of rivers within a region. The 25"
percentile serves as a threshold between degraded
locations and minimally impacted reference
locations. The US EPA has generated reference
conditions using the median of the four seasonal
25" percentiles for all rivers sampled in the
Northeastern Coastal Zone (Ecoregion 14, sub-
region 59; US EPA 2000b). Nutrient data collected
under this SOP will be compared to these thresholds
during the assessment of the trophic status of each
sampling station. In addition, independent reference
conditions will be calculated from the 25"
percentile of data collected during the smelt
spawning season for TN and TP. These data will
contribute to habitat assessments and the
development of designated use criteria for smelt
spawning habitat.

Physico-Chemical. The US EPA
recommendations for nutrient criteria do not include
criteria for water chemistry response variables such
as dissolved oxygen and pH. Thresholds for
designations of suitable spawning habitat will be
adopted from MassDEP’s Surface Water Quality
Standards (SWQS) for temperature, DO, and pH.
These thresholds along with physical thresholds for
spawning habitat will be refined as the smelt
Species of Concern project is implemented by the
ME/NH/MA partnership. All reference criteria are
presented in Table 3.1.
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Algal Biomass. Periphyton (also referred to as
benthic algae) biomass is a useful indicator of water
quality because it is sessile, fast growing and relies
on the water column for uptake of nutrients and
minerals. The US EPA nutrient recommendations
include reference conditions for phytoplankton chl
a but not for algal biomass in the stream bed.
Although there is less guidance for algal biomass,
the percentile distribution approach used for
nutrients can also be applied to algal biomass.
Riskin et al. (2003) used a median concentration for
periphyton biomass of 21 mg/m?as a mesotrophic
(moderately enriched) threshold for New England
streams. The value was derived from a summary of
published studies on nutrient and periphyton
relations (Biggs 1996). The 50™ percentile of algal
biomass data collected under this SOP can be
evaluated as the mesotrophic threshold.
Furthermore, the 25" percentile can be evaluated as
a threshold for reference streams and the 75"
percentile can be evaluated as a threshold for
impaired streams.

Hypothesis. Smelt spawning habitat monitoring
in Massachusetts resulted in a hypothesis that states
a primary threat to smelt populations is the
degradation of spawning habitat from watershed
pollution (nutrient, sediments, contaminants) and
alterations (flood control and transportation
structures, land development, and dams) (Chase
2006). Specific to eutrophication, it is hypothesized
that elevated nutrient concentrations have degraded
spawning habitats by enhancing periphyton growth
and reducing the suitability of spawning substrate
for egg survival.

Watershed Classification. All sampling stations
are located in coastal watershed basins on the Gulf
of Maine coast in the subecoregion 59 of the
Northeastern Coastal Zone (US EPA 2000a). The
stations should be initially classified by the
following three watershed categories (US EPA
(2000a).

1. Non-assigned streams (not assessed by State
waterbody assessments).

2. Impacted streams (on States 303(d) list or
designated as impaired in 305(b) reports).

3. Reference stream that area minimally
impacted; with the following three conditions: a.)
watersheds with <5% impervious surface cover; b.)
watersheds with <5% agricultural use and <5% of
disturbed riparian buffer; c.) watersheds with
population densities <20 people per square mile.



Acrtificial Substrates. Artificial substrates have
been used extensively in water quality monitoring
to relate periphyton growth and species composition
to ambient water quality, although concerns remain
over the reliability of measurements (Weitzel 1979;
and Lowe and Pan 1996). When using artificial
substrate to collect periphyton for this application,
three assumptions are made: (1) all substrates
deployed have equal colonization and development
of periphyton, (2) sample replicates are exposed to
identical conditions, (3) changing water chemistry
is the only variable influencing periphyton growth

and species composition at the different sampling
locations. If these conditions can be met, substrata
can be sampled for indirect measures of periphyton
productivity (ash-free dry weight (AFDW),
biovolume, and chlorophyll) and species
community. Clearly, natural variations in the
conditions of water velocity, depth, shading,
grazing, scouring and solar incidence can challenge
these assumptions. The careful development of
sampling design, site selection, and application of
QA/QC procedures are essential to successfully
relate periphyton sampling to water and habitat
quality.

Table 3.1 Physical, Chemical, and Biotic Criteria for Smelt Spawning Habitat. The water chemistry parameters relate
to Massachusetts SWQS for protecting aquatic life at Class B Inland Waters (MassDEP 2007), and US EPA reference
conditions for the Northeast Coastal Zone sub-Ecoregion (US EPA 2000b). Additional criteria will be developed during
the application of smelt spawning habitat monitoring under Section 3.0.

Variables Suitable Minimally Impacted Notes/Source
(SWQC or BPJ) (25™ percentile)

CHEMICAL

Temperature (°C) <28.3 Maximum limit (MassDEP
2007)

Temperature (°C) <20.0 7-day mean of daily max.
(MassDEP 2007)

pH >6.5t0<8.3 (MassDEP 2007)

DO (mg/L) >6.0 (MassDEP 2007)

Turbidity (NTU) <17 EPA Ecoregion 14, sub-59
(US EPA 2000b)

TN (mg/L) <0.57 EPA Ecoregion 14, sub-59
(US EPA 2000b)

TP (ug/L) <23.75 EPA Ecoregion 14, sub-59
(US EPA 2000b)

PHYSICAL

Substrate Size >2.0 Chase (2006)

(Ave. mm)

Water Velocity >0.3 Chase (2006)

(Ave. m/s)

Slope (%) 0.5t01.0 Chase (Pers. obsv.)

Riffle Presence/Absence Best Professional Judgment
(BPJ)

Canopy BPJ based on percent open
canopy

BIOTIC

Aquatic Moss Presence/Absence BPJ

Periphyton Biomass (g/ Current project will establish

m?/d) thresholds

Phytoplankton <0.44 EPA Ecoregion 14, sub-59

Chlorophyll (ug/L) (US EPA 2000b)




Data Quality Objectives. Parameter-specific
data quality objectives are presented in Table 3.2.
For water chemistry parameters measured with YSI
sondes, these objectives are provided and discussed
in SOP Section 2.0 and adopted for all projects
under the QAPP. The primary data quality
objectives are based on accuracy and precision.
Accuracy objectives are derived from the
manufacturer’s sensor specifications and are
monitored by conducting and reviewing pre-
deployment and post-deployment calibrations. The
precision of sensor measurements is monitored in
the field and laboratory by recording the relative
percent difference (RPD) of two consecutive
readings or relative standard deviation (RSD) of
three or more consecutive readings.

Nutrient and periphyton biomass data objectives
are specific to SOP Section 3.0. Additional details,

including laboratory specifications for each
parameter are provided in the QA/QC section of
this SOP. In addition to specific warning limits for
accuracy and precision, data quality objectives are
provided for reviewing outliers in the QA/QC
section. Several biotic and physical parameters
listed in Table 3.1 are not included in Table 3.2
because the existing information on smelt spawning
habitat is too limited for defining numeric criteria.
The present application of Section 3.0 will provide
more information on this topic for future QAPP
versions.
Materials

Artificial Substrate. Unglazed ceramic tiles will
be used as artificial substrate for periphyton
collection. We have had success using the
“Mayflower Red” flat quarry tile and recommend
this type. The tiles are purchased as 6x6 inch
squares (15x15 cm or 0.0225 m?). When cut into

Table 3.2. Data Quality Objectives for Water Quality Monitoring under SOP Section 2.0. The values in the Accuracy
column are the acceptable deviation from a certified standard or instrument. An asterisk (*) denotes “whichever is great-

est” relative to the reading of calibration standards.

Achievable Achievable
Analyte Units Resolution | Range Accuracy Precision Laboratory Laboratory
(1) (RPD / RSD) MDL RDL
Temperature °C 0.01 -5to 0.3 5% NA NA
45
DO mg/I 0.01 0to50 | 0.50r 5%* 5% NA NA
pH suU 0.01 0to14 | 0.2 5% NA NA
Specific conduc- | mS/cm | 0.001 0to 2% 5% NA NA
tance 100
Turbidity NTU 0.1 0to 2.0 or 5%* 25% NA NA
1000
Total Nitrogen mg/l 0.01 0to 85-115% re- 35% field 0.01 0.05
200 covery of lab. 15% lab.
fortified sample
matrix
Total Phosphorus | ug/I 0.1 0to 85-115% re- 35% field 0.8 2.0
500 covery of lab. 15% lab.
fortified sample
matrix
Periphyton AFDW | 0.001 NA 0.0005 g ave. 35% NA NA
Biomass (g/m% for sample
d) blanks
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four squares, the tile area is 7.4x7.4 cm (0.00548
m?). A copper wire ring will be attached with
marine epoxy to the bottom of each tile to hold a
hooked metal rod as a substrate anchor.

Drying Ovens. A laboratory drying oven
capable of maintaining a constant temperature of
105 °C is needed for drying periphyton samples and
a muffle furnace capable of constant temperatures
>500 °C is needed to ash periphyton samples.

Analytical Balance. A high quality balance is
needed to weigh AFDW samples. The balance
should be readable to 0.0001 g and calibrated
annually to maintain an accuracy of £0.0005 g.

Aluminum Weigh Boats.  Aluminum weigh
boats should be used for holding the periphyton
samples during the drying process and should be
specified to tolerate temperatures >500 °C.

Desiccator. A glass desiccator capable of
holding up to 35 aluminum weight boats will be
needed for holding periphyton samples prior to
weighing.

Water Chemistry Equipment. A multi-probe
water chemistry sonde is needed for continuous
logging or grab samples at the tile stations. The
sonde should be listed in Section 2.0 and meet the
SOP specifications.

Water Velocity Meter. A stream flow velocity
meter is needed for weekly flow and depth
measurements at the tile station. The meter should
operate over a velocity range of 0.1 to 3.0 m/s and
have a resolution of 0.01 m/s. A meter stick is
needed to measure water depth (cm).

Scraping Tool. A flexible, synthetic scraping
tool should be used to remove periphyton from tiles.
These tools are commonly sold for marine
fiberglass application. The scraper width should
cover the tile width (at least 7.4 cm). The scrapers
should be purchased in bulk for all project partners,
and be replaced when the blade becomes worn
(maximum of 50 samples).

Smelt Egg Scoop. A stainless steel autoclave
basket (approximately 12x12 cm) attached with
hose clamps to a solid wood broom pole. This egg
scoop is well-suited for checking gravel in riffles
for the presence of smelt eggs.
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Global Positional System (GPS). A hand-held,
battery-operated GPS unit is needed for recording
smelt spawning habitat and sampling station
locations.

Delineation of Spawning Habitat

The level of effort needed for delineating smelt
spawning habitat and selecting spawning habitat
sampling stations will depend on existing
knowledge in each region. Observations of
deposited eggs formed the basis for documenting
smelt spawning habitat. Smelt migrate during
evening high tides to freshwater riffle habitat where
they deposit demersal, adhesive eggs. In relatively
large smelt runs, deposited smelt eggs are readily
found at the first freshwater riffle upstream of the
tidal interface. In rivers where smelt spawning
habitat has been documented, additional effort on
mapping spawning habitat may not be necessary
and the program participant can proceed to site
selection in the following section on Tile
Deployment.

In rivers where information is lacking on the
spatial extent of smelt spawning habitat, it is
recommended that the following methods from
Chase (2006) are used to confirm the presence of
smelt spawning and to document spatial and
temporal spawning habitat use. In the target
watershed, all freshwater drainages should be
surveyed for potential smelt spawning habitat.
Locations that contain suitable freshwater riffles
can be selected for routine monitoring. Smelt
spawning habitat is defined as the river water and
substrate where smelt egg deposition was observed.
Potential smelt spawning habitat is defined as
habitat that possessed suitable riffles to attract smelt
spawning but either was not previously know to be
occupied by spawning smelt or no egg deposition
was observed during study monitoring. The
physical and chemical conditions that provide
suitable spawning habitat are not well documented.
Table 3.1 contains a list of parameters that are
important for the attraction of spawning adults and
smelt egg survival. It is expected that the
application of this SOP will contribute to better
definition of the parameters in Table 3.1.

Each selected monitoring station should be
visited at least twice a week for the entire duration
of the smelt spawning period to inspect stream
substrata for the presence of smelt eggs. Cobble



should be inspected by hand to look for smelt eggs
and a smelt egg scoop can be used to inspect gravel.
Egg monitoring should initially focus on the first
riffle found upstream of tidal influence.

The identification of the first riffle typical requires
several reconnaissance visits to the location at low
and high tide stages. Once egg deposition is
identified, monitoring should expand to nearby
riffles until the upstream and downstream limits of
egg deposition is recorded. A monitoring log should
be maintained with each station visit to record
qualitative observations and GPS locations on the
spatial extent of spawning locations. Eggs are
identified on the basis of size, oil globule, and
seasonal comparison with other species (Cooper
1978; Elliot and Jimenez 1981). Depending on the
smelt run size and spatial extent of spawning
habitat, the delineation may require 1-3 seasons.
One season of monitoring should be sufficient to
allow the selection of a riffle station for habitat
assessments under this SOP. Customized
monitoring strategies will be needed for rivers that
are not safely wadeable. Very few smelt spawning
runs in Massachusetts are not wadeable. The few
exceptions were monitored with additional methods
such as setting ichthyoplankton nets and deploying
egg collection platforms attached to anchors and
buoys (Chase 2006).

Tile Deployment

Site Selection. Site selection will be critical for
meaningful comparisons and will take careful
consideration because of the natural variation found
in riverine habitats and the common presence of
tidal influence. All sampling stations should be
active smelt spawning riffles that were previously
identified or delineated. Channel width should be
close to 20 m (x 10 m) to allow wadeable access
and have similar conditions of depth (0.5 m, £ 0.3
m), water velocity (0.5 m/s, £ 0.3 m/s) and canopy
(no vertical cover bank-to-bank March-April). It is
recommended that all stations be located in the
freshwater zone in close proximity (<0.5 km) to the
freshwater/saltwater interface. However, some
rivers have dams near the tidal interface that cause
greater fluctuations in depth and velocity and
prevent smelt from passing further upstream. To
account for this, each station should be ranked as
either freshwater zone (no tidal influence during
spring), tidal interface (moderate changes in depth/
velocity with no salt wedge) or tidal zone
(substantial changes in depth/velocity and salt
wedge presence). Samples collected in freshwater
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zones have the highest likelihood of producing
periphyton growth that can be related to
environmental and water quality conditions.
Samples from the tidal zone will be exposed to
greater changes in physical habitat, but in some
cases may represent the only viable spawning
habitat in the river system and water quality will
still be dominated by freshwater discharge for most
of the tidal cycle. The presence of USGS stream
flow gage stations and previous or ongoing water
chemistry sampling elevate the value of candidate
stations. Once stations have been selected, the
station characteristics should be recorded in Table
3.4 at the end of this section.

Tile Sampling.

Tile Placement. Once a spawning riffle has been
selected based on physical criteria, the precise
placement of tiles depends on finding a level
surface that receives fully mixed river flow. This
approach lends towards mid-channel locations and
avoids the river edge. All tiles should sit level on
the river bottom. It is appropriate to groom a patch
of bottom with a rake to ensure the bottom is level.
Tiles should be placed in two rows running parallel
to flow. Adjacent tiles should not influence each
other. This can be achieved with level placement
and a space of 1-2 cm between tiles. The tiles
should be inspected during weekly visit between
deployment and retrieval, and disrupted tiles no
longer suitable for sampling should be removed.

Tile Replicates. The number of tile replicates
should exceed the total number of needed samples
by approximately 50%. The higher number of tiles
deployed than tiles needed allows the collection of a
random sample and provides back-ups in case some
tiles are disrupted.

Duration and Frequency. The deployment of
tiles should coincide with the spawning period of
smelt. Weitzel (1979) recommends two-week
durations for tile deployments. We have had
successful deployments for both two and three
weeks. With three week deployments, the threat of
scouring and grazing increases. For smelt habitat
applications, two weeks is often too brief when low
growth persists in early spring. For present
applications, the target duration will be three weeks
with the option to pull the tiles after two weeks if an
impending storm threatens to scour the tiles. Four
deployments should be made during the period of
March through June. The onset of tile deployments



will depend on ice conditions and the spawning
period of smelt in a given region. Each
participant’s schedule should be recorded in Table
3.5 at the end of this section.

Tile Retrieval. The tiles selected for AFDW,
periphyton identification and benthic chlorophyll
will be selected randomly before retrieval. Generate
random numbers to match with numbers marked on
the tiles and include several alternative numbers in
case the selected tiles are disrupted. The tiles must
be carefully removed from the substrate to avoid
disruption of periphyton. In shallow or warm
waters, retrieval by bare hand is the best approach.
It may be necessary to use arm-length gloves in
deep or cold water. Retrieve all needed tiles and
place them in a transport tray with a cover to avoid
sunlight.  Carefully transfer periphyton from the
tiles to sample containers in the field immediately.

Periphyton Sample Processing.

Ash Free Dry Weights. Five tiles will be sampled
for AFDW in each river per sampling period. Tiles
will be scraped in the field through a funnel into
plastic storage containers with sealing lids. First,
discard all periphyton from the tile edge facing the
container. Next, make three uniform sweeps across the
tile with the scraper, pushing periphyton from the tile
surface into the container. Finally, use distilled water
from a squirt bottle to rinse periphyton from scraper
and funnel into the container and to clean materials
between samples.

The containers will be placed on ice until
processing later that day. Upon returning to the
laboratory, the boats will be dried overnight at 105°C
and weighed to a constant weight (weighed on three
separate days with storage in desiccators). Once dry
weights are measured, store samples in a freezer
until ashing at a later date. Samples will be ashed for
1 hour at 500° C in a pre-heated muffle furnace and
then re-wetted with distilled water and dried again
at 105° C and weighed to a constant weight (APHA
1989). The analysis units will be AFDW g/m? and
g/m’/day. Option: samples can be frozen on the
sample day for subsequent dry weight processing.

Periphyton Identification. One tile will be
collected in each river per sample period for
periphyton identification. These samples will be
transferred from the tiles directly into 125 ml jars
containing 90 ml of distilled water and 3 ml of
“M® preservative (APHA 1989; see Technical
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Notes). Tile samples will be scraped into the jars
with 10 ml of distilled water from a syringe to assist
the transfer. Samples will be stored in the dark until
processed for periphyton identification to the lowest
possible genera. A single duplicate tile will be
collected randomly per trip for QA/QC analysis.

Natural Substrate Sampling. In addition to tile
sampling, periphyton will be collected from natural
substrate to identify standing algal communities.
Select five rocks that are representative of the riffle
substrate within 10 m of the tile transect. Follow the
methods of ME DEP for Natural Substrate
Sampling (Danielson 2006). The rock samples will
be processed the same as tile samples with the
exception of using a ¥ inch metal scraper and a 1
inch diameter neoprene washer to outline the
scraping surface.

Periphyton Chlorophyll a (Option). Samples of
benthic chlorophyll growth on tiles provide a
measurement of photosynthetic periphyton and
allow the estimate of an autotrophic index when
related to AFDW. One tile can be collected in each
river per sample period for chlorophyll a analysis.
The sample will be scraped directly into 50 ml
centrifuge tubes with chilled 90% acetone and
stored in the dark on ice until filtering later that day.
Filtering should occur in near-dark conditions and
the filter paper should be rolled into a small glass
jar, covered with tin foil, and placed in the freezer.
Chlorophyll samples should be run within three
weeks of freezing.

Periphyton Identification.

Microscope Analysis.  Periphyton samples in
125 ml jars should be vigorously shaken and an
aliquot should be drawn immediately with an eye
dropper. Place a single drop of sample on a glass
microscope slide and cover with slide cover. Using
a research grade, light microscope, scan the viewing
field with necessary magnification (10X, 20X, 40X
and 100 X objective lenses) to become familiar with
the taxa present. The sampler should develop an
understanding of algae identification using the
guides of Smith (1950), Prescott (1978) and Wehr
and Sheath (2003). Begin counting diatoms and
algae cells at the right middle margin of the slide
cover and record by genera or taxa groups. Follow a
parallel transect line across the slide until filling the
targeted number of cells.



Cell Counting.  Each algal filament or diatom
cell is counted as one. This includes cells that are in
the process of dividing and strings of colonial
diatoms. This approach can be applied consistently
and requires less judgment among samplers.
Counting each observed cell or filament as one will
under-represent  filamentous algae, but the
alternative of assessing biovolume is labor
intensive. Option: more information can be gained
on filamentous algae by recording average cells per
filament from a sub-sample of observed filaments.

Target Number of Cell Counts. Rarefaction
curves were plotted by MarineFisheries during pilot
species identification efforts to determine an
appropriate number of cell counts (Krebs 1989).
The “short-count” method of Weitzal et al. (1979)
was used to count 500 cells from a sample with
tallies recorded at 50 cell increments. The
rarefaction curves plotted from these data identify
350 as the count when 90% of all genera and groups
that occur in a 500 count are present. Based on
these results, we have selected 350 as the target
number of cell counts.

Taxa Grouping. Most algae and many diatom
specimens will be seen in sufficient detail to
identify genera. In some cases, especially for
diatoms in girdle view, it will not be possible to
separate genera. The most common grouping will
be “unidentified pennate diatom” (Chetelat et al.
1999). Secondly, colonial diatoms that can have
rectangular shape in girdle view, such as Eunotia,
Fragillaria, Tabillaria and Synedra, are often

difficult to separate, particularly in degraded
samples.  These diatoms will be grouped as
“unidentified colonial diatom”. Option: if

applicable, pennate-shaped diatoms can be further
divided into two sub-groups of “Naviculoid-shaped
diatom” and “girdle view diatom”

Counting with Image Analysis Pro Software.
When using Image Analysis software, snap
photograph frames (10X) along transect line. The
selection of frames to snap should not be biased by
visual observations. To avoid this bias, frames
should be taken from the border of the previous
frame or selected while moving the objective along
the slide cover without viewing the PC monitor.
The number of frames taken will depend on cell
density. Count cells with the manual count feature
and export data to a standard Excel file. Once
reaching the target count of 350, finish counting and
identifying all remaining cells in the last frame.
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Counting through Microscope. If imagery
software is not available, cell counting should be
done through the microscope by counting all cells
in the viewing field and proceeding to the next field
along the transect. Care must be taken to line up
viewing fields at the border of the previous field.
Counts will be tallied on a laboratory sheet. Once
reaching the target count of 350, finish counting and
identifying all remaining cells in the last frame.

Environmental Data

Basic water chemistry, water flow, and nutrient
data  will be collected weekly during tile
deployments. Because periphyton biomass growth
will be evaluated in terms of weight/day, the data
among deployments will be most comparable if the
same day of the week is selected for sampling
throughout the season. The sampling schedule for a
three-week tile deployment would result in
measurements on the day of tile deployment, the
day of tile retrieval and twice during the two weeks
between these events. Table 3.5 provides estimates
of sample numbers. It is acknowledged that the
QAPP would benefit from separate field SOPs for
the sampling of light intensity, water flow, and
nutrients. The utility of separate field SOPs will be
addressed in future QAPP versions. Presently,
detailed instruction on field sampling for the
following environmental data will be provided
during annual training sessions for all program
participants.

Water Chemistry. Follow Section 2.0
procedures for calibration and QA/QC for grab
samples with YSI 6-Series sondes. Measure the
following parameters during each weekly visit to
sample stations: water temperature (°C), DO (mg/l),
DO saturation (%), specific conductivity (mS/cm),
pH, and turbidity (NTU). Three measurements will
be made immediately downstream of the rows of
periphyton tiles (within 0.5 m) at a depth of 10-20
cm from the substrate. The 1st measurement should
be made between the two-tile rows after a minimum
of 10 minutes acclimation time. Dissolved oxygen
and pH values should be monitored to be sure the
sensors have stabilized after 10 minutes. The 2™
and 3" measurements should be taken at two-
minute intervals on both sides of a 0.5 m wide
transect in which the 1st measurement marks the
middle. The three measurements will be used for
QA/QC evaluations and averaged for reporting.




Light Intensity.  Nutrient concentrations and
light availability can be the most important factors
influencing primary production in shallow streams.
Site selection protocols were designed to provide a
standard canopy among stations. The approach
supports the assumption that tiles at all stations
receive similar solar incidence. However, variations
in riparian tree canopy and water depth and color
could cause differences in the amount of light
reaching the tiles. Therefore, each station must
record light intensity at the tile transect. Hobo
Pendant light loggers are a suitable option for
acquiring light data (lumens/m?). Hobo Pendants
should be activated at 15-minute intervals for
monthly deployments and anchored to the substrate
within 1 m upstream or downstream of the tile
station. Periphyton will grow on the deployed
Pendants and obscure the light measurements. The
Pendants should be wiped clean of algae during
each weekly visit. In addition, the percentage of
open canopy can provide a second measure to
compare light at each tile station. At each tile
retrieval date, measure the left and right canopy
angles with a handheld clinometer at the tile station
to calculate the percentage of open canopy.

Water Velocity. A measurement of water
velocity (m/s) over the tiles should be made with a
professional grade current meter. Current meters are
factory calibrated and cannot be readily recalibrated
during field use. The current meter selected should
have manufacturer’s specifications for confirming
acceptable operation and these steps should be
stated in the following QA/QC section. Water
velocity should be measured at the same sampling
frequency as water chemistry and at the same
location relative to tiles. Three water velocity
measurements should be made 10-20 cm from the
bottom along with total depth (cm) at the same tile
transect used for water chemistry sampling. Do not
use automatic readings for instantaneous
measurements of flow; instead record average
velocity over a 40 second interval.

Discharge (Option). Discharge measurements
(m*/s) are recommended when no USGS gauge
station is present near the tile station. Discharge will
be measured at a flow transect with uniform
dimensions in close proximity to the sample station.
The midsection method of the USGS (Buchanan
and Somers 1969) should be followed. Under this
method a minimum of 20 vertical measurements (40
seconds each) will be made along the cross-section
at six-tenths of water depth. Conducting discharge
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measurements with each site visit will be time-
consuming and may not be compatible with all river
stations. An alternative method is to relate water
stage height to discharge by developing a depth
rating curve at a river station. The rating curve is
made by taking 6-8 discharge measurements across
a range of flows and recording a relative staff gage
height. Once the rating curve is established, the
staff gage height or depth can be recorded with each
station visit and related to discharge.

Water Nutrient Measurements. Water samples
for TN and TP will be collected at the same
sampling frequency as flow and water chemistry.
Nutrient samples will be collected at the tile
deployment stations when no tidal influence is
present. Collect samples in 60 ml HPDE collection
bottles. The bottles should be dipped downstream of
the tiles at the mid-transect point and draw water at
10-20 cm from the bottom. The bottles should be
half-filled, shaken vigorously and rinsed three times
before drawing a sample of 50 ml. The samples
should be stored on ice in the dark until freezing
later that day (<8 hours after collection).

All sample bottles and associated glassware used
for nutrient sampling should be first washed with
phosphorus-free detergent (ex. Liqui-Nox) and
rinsed with tap water before sitting overnight in a
10% HCL bath. Upon removal from the acid bath,
glassware should be rinsed five times with DDW
water. Option-- the collection of water column
chlorophyll a would be a valuable addition to
nutrient sampling. Chlorophyll a samples will
require shorter holding times and specific handing
procedures. If Chlorophyll a is collected, the
sampling specifications must be outlined in an
appendix to Section 3.0.

Nutrient Analytical Procedures.

Total Nitrogen. Total nitrogen will be analyzed
under contract with the Water Quality Analysis
Laboratory of the Department of Natural Resources,
University of New Hampshire, Durham, NH. Total
nitrogen is measured by alkaline-persulfate
digestion followed by colormetric analysis on a
Smartchem autoanalyzer using methods from the
USGS Water-Resources Investigations Report 03-
4174 (USGS 2003). The WQ Analysis Laboratory
does not have a holding time specification for TN
because of its long-term stability when frozen.
Projects should synchronize TN sample holding and



laboratory delivery with TP samples. Nutrient QA/
QC is reported in the following section.

Total Phosphorus. Total phosphorus will be
analyzed under contract with the Lakes Lay
Monitoring Laboratory of the University of New
Hampshire, Durham NH. Total phosphorus is
measured using the manual ascorbic acid method
(Standard Method, 4500-P.E.; APHA 1989) with a
Milton Roy Spectronic spectrophotometer. The
maximum holding time (collection date to
laboratory analysis while frozen) for TP at the
Lakes Lay Monitoring Program is 90 days.

Expression of Data Concentrations.  Water
chemistry data should be expressed to the decimal
place indicated by the parameter resolution under
Specifications in Section 2.0. Velocity and flow
measurements should be expressed as 0.001 m/s
and 0.001 m?%fs, respectively, or to two decimal
places when using US customary units. Nutrient
measurements will be expressed to the significant
figures specified by laboratory method detection
limits. Nutrient analyte concentrations will be
reported as mg/L or ug/L. Reporting data files will
contain conversion tables for uM concentrations.

USGS Discharge Data. No instream discharge
measurements are needed for tile stations with
nearby USGS stream flow gage stations. Discharge
data can be retrieved from USGS at their website
(http://waterdata.usgs.go). The daily discharge
values used for analyses will be the average of all
daily mean discharge measurements for each day
the tiles were deployed. Water velocity must still be
measured in the field because gage stations do not
provide velocity data.

Weather Data. After the conclusion of the field
season, average daily air temperature and total daily
precipitation should be recorded from a nearby
weather station reported by the NOAA’s National
Climatic Data Center (http://www.ncdc.noaa.gov/
oa/ncdc.htm).

Weather Classification. Sample collection dates
will not be random or target designated weather. This
is because weekly sampling depends on the tile
deployment schedule and occurs during the specific
spawning season of smelt. It is assumed that weekly
measurements will capture typical weather and run-off
conditions experienced during the smelt spawning
season. We will characterize all sample dates by the
amount of recent precipitation using criteria for dry
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(<0.125 in), wet, (> 0.125 to 2.0 in) and flood (>2.0
in) weather for intervals of both 1-day (day of
sampling) and 3-days (including the day of sampling).
Record the presence of rain on Form 3.1 at the time of
station visits to assist subsequent adjustments for cases
when rain begins after the time of sampling.

Quality Assurance and Control

Quality assurance and control protocols will be
applied for each of the following data collections:
basic water chemistry, water flow, water nutrients,
and periphyton. The QA/QC review depends on
three main components of performance criteria that
target data quality indicators of accuracy and
precision. The analysis of pre and post-deployment
calibration data is used to evaluate accuracy, but
only pertains to basic water chemistry
measurements. The analysis of the similarity of
replicates (laboratory, field and blanks), and outlier
review will be conducted on each of the data
collections outlined below.

Water Chemistry.

Basic Water Chemistry. All instrument handling,
calibration, and calibration data review procedures
are outlined in Section 2.0. Once the calibration
analysis has been conducted, the following criteria
can be applied to classify field data. When the field
season is complete, RSD will be calculated for all
triplicate parameter measurements. All triplicates
that have a RSD <5% will be accepted and the
triplicate average will be used for the daily
parameter measurement. A seasonal mean will be
calculated for each river from all parameter
measurements with RSD <5% . A warning limit of
+3 SD from the seasonal mean will be used to flag
potential outliers. All triplicates with RSD >5% will
be classified as Conditional data and reviewed for
outliers. Individual replicates should be Censored
when they are identified graphically as outliers by
exceeding the seasonal mean by 3 SD and when
removed from their corresponding triplicates cause
the remaining duplicates to have a RPD of <5%.
The seasonal mean data for each river should be
cumulative when multiple sampling seasons are
available.

Turbidity Exception. Turbidity measurements
are subject to interference from suspended objects,
will show natural variation in stream flow, and base
flows often have low NTU values. Minor
differences of low values can cause high RSDs.



This is a function of proportional statistics and not
necessarily related to precision. Therefore, turbidity
quality control will follow different warning and
control criteria. The warning criterion for turbidity
is raised to 25% RSD. Triplicates with RSD >25%
will be classified as Conditional data. Individual
replicates will be Censored if they are identified as
outliers by exceeding the seasonal mean by 3 SD
and are also +3x the closest replicate.

Temperature Exception. The same condition
found for turbidity when minor differences at low
values cause high RSDs also occurs for water
temperature data when the temperature is close to
zero. For water temperatures <0.5 °C, the RSD
warning criterion of 5% will be relaxed and the
replicates will be accepted if they do not vary by
more than the sensor’s accuracy (£0.15 °C).

Conductivity Exception. Conductivity values
close to zero also exceed the 5% RSD with minor
differences among replicates. When specific
conductivity values are <0.050 mS/cm the RSD
threshold is raised from 5% to 25%.

Stream Flow Data. Stream flow data collected
from the three flow cells along a 0.5 m transect
downstream of the tiles are not considered
replicates. This is because true differences in water
depth and velocity can be expected in turbulent
riffles. The three measurements are taken to
produce an average condition experienced by the
tiles. Although the data are not replicates, the RSD
should be calculated for flow and depth
measurements and RSD >25% should trigger a
review of the field data to see if a transcription error
occurred or if one of the three measurements
routinely had a strong negative or positive influence
on the average values at a given river station. No
data corrections are necessary following data
review, although routinely high RSDs may be
indicative of an unsuitable tile station.

Flow Meter Check. Each flow meter used
should have quality control checks specified by the
manufacturer to confirm suitable performance.
Flow meter calibration is not an option for most
meters. All meters should be cleaned with warm
water after each use and allowed to air dry before
storing in carrying cases. MA MarineFisheries
primarily uses Price “bucket wheel” current meters
made by Teledyne Gurley. A weekly spin test
should be conducted with the time recorded on
Form 3.1. For Price meters, the bucket wheel must
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spin freely for at least 1.75 min. If the meter fails a
spin test, the meter should be disassembled,
lubricated, and tested again. If it fails a second spin
test, the pivot should be replaced, followed by
another round of spin tests. Other types of current
meters should be tested weekly according to
manufacturer specifications.

Nutrients.

Field Sampling. Each program participant will
collect one field duplicate for TN and TP weekly or
at a rate to meet a target of 10% of the total
seasonal sample number. The selection of rivers for
duplicate sampling will be made randomly.
Duplicates will be used only for quality control
purposes and not averaged for reported values. The
first sample collected will be used as the parameter
measurement unless rejected by QA/QC protocols.
Monthly trip blanks (N = 3) comprised of
laboratory DDW water treated the same as actual
samples should be processed each season by each
program participant.

Total Nitrogen Laboratory Analysis. The Water
Quality Analysis Laboratory at UNH uses an EPA
approved QAPP to guide all aspects of their water
quality analyses (UNH 2008). The TN analysis
follows the methods of USGS (2003). Quality
control samples from standards are run every 10-15
samples with a minimum of two per batch (typically
40-55 samples). Instrument calibrations are
performed at the beginning of each batch using
standards made from reagent grade chemicals.
Calibration curves are generally linear and made of
4-7 points. A laboratory reagent blank, laboratory
fortified blank, and laboratory duplicate are run
every 10-15 samples during each batch. The USGS
(2003) TN analysis reference is available at:
http://nwql.usgs.gov/Public/pubs/WRIR03-4174/
WRIR03-4174.pd

Total Phosphorus Laboratory Analysis. The
Lakes Lay Monitoring Laboratory of the University
of New Hampshire uses an EPA approved QAPP to
guide all aspects of their water quality analyses
(UNH 2007). Quality control samples from
standards are run every 10-15 samples with a
minimum of two per batch (typically 40-55
samples). Instrument calibrations are performed at
the beginning of each batch using standards made
from reagent grade chemicals. Calibration curves
are generally linear, and made of 4-7 points. A
laboratory reagent blank, laboratory fortified blank,



Table 3.3. QA/QC and Analytical Specifications for Nutrient Parameters.

Laboratory Quality TOTAL NITROGEN TOTAL PHOSPHORUS
Control

Units mg/L ug/L

MDL 0.01 mg/L 0.8 ug/L

RDL 0.05 mg/L 2.0 ug/L
(Frequency) (Control Limit) (Frequency) | (Control Limit)

Field Duplicate 1/week <35% RPD 1/week <35% RPD

Lab. Duplicate 1/10-15 <15% RPD 1/10-15 <15% RPD

Quality Control Sample 1/10-15 <15% from control | 1/10-15 <15% from con-

Lab. Reagent Blank 1/10-15 MDL 1/10-15 :\r/IOIIDL

Lab. Fortified Blank 1/10-15 MDL 1/10-15 MDL

Lab. Fortified Sample Matrix | 1/batch <85% or >115% 1/batch <85% or >115%

recovery recovery

and laboratory duplicate are run every 10-15
samples during each batch (Table 3.3). The total
phosphorus SOP is located in the appendix of the
Newfound Lake Watershed Assessment at the
following website: http://des.nh.gov/organization/
divisions/water/wmb/was/gapp/documents/
newfound_appendices.pd .

Nutrient Quality Control Acceptance Limits. A
seasonal mean for all rivers will be calculated from
duplicate parameter measurements with RSD
<35%. Field nutrient duplicates with a RPD <35%
and both measurements <2 SD from the season
parameter mean (SPM) will be accepted. A higher
warning limit of 50% will be used for low nutrient
concentrations (< 10MDL). Low concentrations
duplicates with an RPD <50% and with both
measurements <2 SD from the SPM will be
accepted. For duplicates that exceed the warning
limit with one replicate >2 SD from the SPM, the
duplicate <2 SD from the SPM will be used for the
parameter measurement. Field duplicates with an
RPD of >35% will be evaluated for handling errors
and graphically to identify outliers. If no problems
are identified and both duplicates are <3 SD from
the SPM, the duplicates will be accepted as
Conditional data. All values >3 SD from the SPM
will be identified as outliers. All information on
outliers will be evaluated and documented for final
classification.
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Periphyton Biomass.

Tile Rejection. Some randomly selected tiles
may be disrupted and should not be used to process
samples. This can happen from river flow shifting
tiles, debris scraping the tile surface, high flows
causing scouring, relatively high invertebrate
grazing, and mishandling during retrieval. The
sampler should anticipate these occurrences and
look for these negative biases. All project samplers
will receive field training for tile sampling that
includes examples of disrupted tiles. With evidence
of these biases, the tile should be rejected from
sampling and substituted with a tile randomly
selected prior to the trip as an alternative.

AFDW Adjustments. Organic materials other
than periphyton can settle on the tile causing a
positive bias to AFDW. Non-organic materials are
not a concern since they are deducted from dry
weights during AFDW processing. Adhesive smelt
eggs and larval insects have been observed to settle
on tiles and positively increase periphyton biomass
estimates. Low numbers of smelt eggs and insect
larvae should be removed with fine forceps from
the sample before the first drying cycle. Large
numbers of eggs or insects are more problematic
and must be deducted from the sample weight if a
suitable alternative tile is not available. Egg and
insect weights can be measured by running
subsamples of these organic materials through the



AFDW process. Random samples of at least 10
eggs or larvae should be placed in four subsample
weigh boats and included in a batch run of AFDW
samples. From the subsamples, a mean weight per
egg or larva should be calculated and used to deduct
weight from AFDW samples that were run without
removing large numbers of eggs or larvae.

Weigh Boat Blanks. Four aluminum weigh boats
should be run as blanks with each batch of AFDW
samples. A negligible reduction in boat weight
(0.0005 g) was recorded during one trial during
MarineFisheries pilot efforts.

Periphyton Acceptance Limits. Large variation
among periphyton replicates is expected and may
represent fine-scale differences in natural controls on
periphyton growth (Weitzel et al. 1979; APHA 1989;
Morin and Catteneo 1992; and Lowe and Pan 1996).
A warning limit of 35% RSD is set for AFDW
replicates. Replicates with >35% RSD should be
scrutinized for individual samples that may have been
disrupted during the collection or drying process. Field
notes and all drying weights should be evaluated.
Replicates with >35% RSD with no evidence of
disruption or outliers should be classified as
Conditional. All samples that exceed seasonal mean of
all periphyton replicates by >3 SD will be classified as
outliers. The outliers should be evaluated graphically
and by reviewing the field and laboratory data sheets.
Marginal outliers with no evidence of handling
disruption can be accepted as Conditional data and all
others should be Censored.

Periphyton Identification. Quality control
measures will be conducted to evaluate the
precision of periphyton species identification
among tile samples and within-sample jars. Data
from each sample will be recorded by cell counts
and relative percent abundance by genera or taxa
group. The Bray-Curtis diversity index and
Pinkham-Pearson coefficient of similarity (Weitzel
et al. 1979) will be calculated for each sample to
evaluate the similarity of samples. Each program
participant will select weekly random tiles for
duplicate periphyton identification or at a rate to
meet a duplicate target of 10% of the total seasonal
sample number. Periphyton identification will be
done on single aliquots from the duplicate samples
and a RPD of <35% for each index will be
accepted. If either RPD is >35%, a third replicate
should be identified. All triplicate samples with
RSD of <35% will be accepted and all samples with
an RSD >35% will be classified as Conditional data
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and reviewed by QA/QC Analyst for taxonomic
errors. Option: precision among samplers can be
assessed by drawing random triplicate samples from
10% of sample jars. Two samplers will identify
periphyton from the same triplicate sample.
Combined RSDs of <35