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EXECUTIVE SUMMARY

In fall 2017 and late winter 2018, the Deerfield/&i Watershed Chapter of Trout
Unlimited (DRWTU) performed a trout spawning survely the Deerfield River and
select tributaries in order to begin to understdral extent to which trout successfully
spawn in the Deerfield River. The objectives oé tstudy were to document trout
spawning activity in the river below Fife Brook Dato determine the extent to which
spawning redds are subject to de-watering (strgpdiesulting from hydropeaking-
related water level fluctuations; and to begin t@awfify winter survival of trout eggs in

redds and determine if survival rates are relatesldter depth at minimum flows.

Surveys were led by Dr. Mike Cole and performed®WTU members from early
November through early December 2017 (the fallquhri Late winter surveys to assess
over-winter survival of eggs were performed on Mat@ and 19, 2018. All field crews
were trained in the field survey protocols by Dwol€ Five survey reaches in the
Deerfield River were selected between Fife Brooknlznd the #4 Deerfield Dam. Each
reach was surveyed on foot at least twice durimgféii survey period. Fall spawning
surveys were also performed on the lower reachesiofDeerfield River tributary
streams. During fall surveys, crews identified andrked redds, measured ambient

physical conditions associated with redds, and ldeeach redd for the presence of
eggs.

Fall surveys identified 101 redds among the foaches in the Deerfield River in
the survey area upriver of Route 2. Ninety eighthese redds were fully constructed,
and 37 of these redds contained eggs. Spawningtyaetas heaviest in the uppermost
reach closest to Fife Brook Dam and lightest in tbach farthest from the dam. A
number of areas of concentrated spawning activguoed throughout the river from
Zoar Gap upriver to Fife Brook Dam, a distance spamn approximately 5.2 miles. In
contrast to the many redds found in the DeerfieldeR no redds were encountered

during fall surveys of the lower reaches of six et River tributaries.

Trout redds occurred within a narrow range of salbstsizes and water depths.

Redds occurred exclusively in substrates domindgccoarse gravels. Redd water
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depths at low water (generally minimum flow of ~1&fs, but with one morning of
measurements made at 230 cfs) ranged from 6 tavb0 Water depths did not differ
between redds with eggs and redds without eggeaels was found across a similar
range of depths. Redds in shallow water at low $il¢@+12 cm deep) were found to have
the highest percentage of eggs (52%), compare®% & redds in 13-25 cm of water

and 33% of redds in 26-38 cm of water.

Dewatering was frequently documented in redds otwyat depths of less than 13
cm when the river was running at a minimum flowl@b cfs; 12 of 25 redds at depths of
6 to 12 cm were noted as being dewatered. Eigtitesfie 12 redds contained eggs. As
such, the proportion of redds with eggs that weon@ to dewatering (8 of 37 or 21.6%)
was nearly twice the proportion of all completededubjected to dewatering (12 of 98
or 12.3%). While not measured during the fall sys; water velocities were also very
low in many of these shallow-water redds at minimélow, and sometimes only
standing water occurred in redd pits. As suchytteggs in the Deerfield River are
potentially at increased risk of mortality from émng in both dewatered and reduced

water velocity conditions.

Redds found to contain eggs in the fall were resygd in the late winter to begin to
determine survivorship of eggs in the river. Ladater resurveys revealed the presence
of eyed eggs and trout alevins in redds, demomsty&br the first time successful brown
trout spawning in the mainstem Deerfield River belife Brook Dam. Based on DNA
analysis of eggs collected in the fall, all 99 lieggs collected in the late winter were
sampled from brown trout redds,. As the numbeegds and the ratio of live to dead
eggs varied widely among redds, and the sampledfizedds with eggs in late winter
was small, no statistically based inferences d@tr@hships between water depths and egg
survival could be made. Few redds (3 of 27 reédsinveyed) contained numerous live
eggs during the late winter surveys, and only adhdnof alevins were collected,
suggesting a low overall spawning-to-hatching sssaate in the upper river in 2017-
2018.

While questions remain regarding the effects of agaa flows on egg survival in

the Deerfield River, this work demonstrates thatlaincertain conditions, brown trout
\Y



eggs can survive to hatching in the river. Thiskvalso documented redds occurring in
low-flow conditions that may put trout eggs at e&sed risk of mortality from freezing

in dewatered or standing-water conditions. Whilgmesent the survival rate of trout
eggs and alevins left in shallow water at minimulewg in the Deerfield River is

unknown, the results of others’ work suggest tlwatditions observed and measured in
this study present a real risk to the wintertimevisial of eggs and alevins. Such risks
could be minimized by providing flows that ensueglds remain completely inundated

during the egg incubation and hatching period.
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BACKGROUND & INTRODUCTION

While juvenile trout of natural origin are known e present in the Deerfield River,
the source of these fish — whether the mainstemfigkke River, tributary streams, or
both — is presently unknown. The Deerfield Riveaté/shed Chapter of Trout Unlimited
(DRWTU) performed a trout spawning survey of theebeld River and select
tributaries in order to begin to understand thewixto which trout successfully spawn in

the Deerfield River. The objectives of this fiygstar of surveys were:

1) document trout spawning activity in the projecteated area of the Deerfield
River,
2) begin to determine the distribution and abundasfdeout redds in the project-

affected area of the Deerfield River,

3) determine the extent to which current hydro propgmtrations expose spawning

redds to de-watering (stranding) or otherwise dedrital depths and velocities,

4) determine the proportion of complete and incompietkls and determine if redd

completion rates are related to water depth atflows, and

5) quantify winter survival of trout eggs in DeerfieRiver redds and determine if

survival rates are related to water depth at l@w{l

In order to achieve these objectives, spawningesis were performed by trained
DRWTU members from early November through early éhloer 2017. Five survey
reaches in the Deerfield River were selected beivee Brook Dam and the Deerfield
#4 Dam. Reaches were selected based on knowlédgaaentrated spawning activities

in previous years. The reaches selected for thaseys were as follows:
Reach 1: Immediately below Fife Brook Dam to CarBesd (1.06 mi.)
Reach 2: Shady Pool to Bridge to Nowhere (0.9 mi)

Reach 2A: The upper end of Beaver Island and theechannel on river right upriver

of Zoar Gap.

Reach 3: Zoar Gap to Cold River (2.1 mi.)

1
Cole Ecological. Inc. 2017 DRWTU Trout Spawningv8ys



Reach 4: Buckland from the confluence of ClessavoBrupriver approximately 0.5
mi.
Teams of at least two people each surveyed thdset sever reaches. Flows and

turbidity determined the precise timing of surveg&irveys occurred exclusively on foot.

During each survey, redds and fish using redds wetmted within each survey
reach. Each redd was identified as a completestr(incomplete) redd according to the
characteristics described later in this report.e Tdration of all spawning activity was
recorded with a hand-held GPS unit, either as iddal redds (in areas of pocket
spawning) or by bracketing areas of extensive spayvactivity with waypoints at the
upriver and downriver ends of the activity. A numbé habitat variables were measured
and recorded at each redd, and redd gravels wetty ghsturbed with a hand rake to
determine the presence of eggs. In a second rofisdrveys to occur in early 2018,
redds determined to contain eggs in the fall wél fevisited in the late winter/early
spring (after a sufficient number of degree daygehaccrued) to assess egg survival
shortly prior to hatching and emergence. Thisrimeaeport documents the findings of

the fall 2018 surveys for distribution to agen@esl other interested parties.

SPAWNING SURVEY METHODS

FIELD TRAINING

Training was held on the first day of Deerfield &ispawning surveys on November
13, 2017. Participants learned how to identify andrk redds, how to collect data
associated with redds, and how to record and staggoints with a GPS. In addition to
learning the field survey protocols, survey teamsrenvestablished, and the survey

objectives and schedule for the remainder of the@e were discussed.
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SURVEY TIMING

Surveys were initiated in tributaries during tirstfweek of November and in the
Deerfield River during the second week of November2017. Each reach in the
Deerfield River was surveyed at least twice during survey period. Surveys were

performed until early December, when new redd e¢ang8bn was no longer observed

FIELD SURVEY METHODS

Upon arrival at a survey reach, survey form heaafermation including survey
reach, date, weather, flow conditions, and crew bemswas filled out. During initial
surveys of reaches, crews walked the banks andgdghrehallow water zones, often in a
zig-zag manner across wadeable portions of thenghato locate individual redds or
areas of concentrated spawning. When sufficiane tand low flows allowed, crews
walked the entire survey reach. In subsequent syefelowing the identification of
areas of concentrated spawning, crews often foctlseid survey effort on identifying

and collecting data from newly constructed reddha@se specific areas.

IDENTIFYING REDDS

Each redd encountered was first examined accorttinthe following criteria to

determine whether the redd was a complete oreest r
COMPLETE REDDS

Redds are areas within river gravels that are eateavby female trout and in which
eggs are laid and fertilized. The redd constracpoocess includes the excavation of an
initial pit, laying and fertilizing the eggs withithe pit, and the covering the eggs by the
female with loose gravels. The result of this psxcis a fully formed redadomplete
with a “classic pit and tailspill”. These compléteedds have also been called “true”
redds (Dunham and Rieman, 2001). Particularly wir@shly constructed, these
completedredds are easy to spot and recognize. They eiilerplly be several feet long

and oblong, running parallel to the river flow, asidar of sediment.
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Figure 1. A complete “pit and tailspill” redd: thime from the Deerfield River in
October, 2013. Note oblong shape.

TEST REDDS

Test redds (potential redds) are redds that ardutigtconstructed. These redds
are smaller, less oblong, and lack the tailsgk, feature indicating that eggs have likely
been deposited and covered. Test redds wereeadsoded, but were differentiated from
complete redds on the survey form. Both test amdptete redds were carefully checked
for eggs, as described later. Classifying a reddoanplete or test depended primarily on
the presence of the tailspill and oblong shape. hefwva redd could not be neatly
classified as complete or test, crews were instcutd call it a test redd. In subsequent
weeks, test redds were re-examined to determinehehéheir status had changed with

respect to their size and the presence of eggs.
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Figure 2. A test (or incomplete) redd. Note la€kailspill and roundish overall shape.
This redd was photographed in the Deerfield RimeDctober 2013.

SUPERIMPOSITION & CHAINING

New redds constructed over older redds is termeeérguposition. Trout may use
the pit of a previous redd as an egg pocket ana ey eggs leading to a chain of redds
running parallel to the river's flow. Overlappingdds can create challenges to
discerning individual redds within the chain. ststudy, redd counts in superimposed
or chained redds were based on the number of igumging both pits and tailspills (per

Barnett and Paige).

DATA COLLECTION

All field data were recorded on Field Data Formavined on write-in-the-rain paper
for these surveys. As redds were encountered, ey first marked with a rock-filled
cloth bag at the end of the tailspill (per Barrattl Paige). The assigned redd ID number
was written on the cloth bag and on an 18-inchecorange flagging. The bag was
tied closed and the piece of flagging was tiechliag. To minimize risk of losing the
rock bags to high flows and better ensure the atlog of the redds in the early spring,
the rock-fill bag was buried in the gravel at tleywback of the redd so only the flagging
tape was clearly visible. Redds identified as doittg eggs were marked with both a

piece of orange flagging and with an 8” piece af cerdage.

Locations of individual redds (when isolated) oowps of redds (when in close

proximity to each other) were marked with a GarrGRS. Redd locations were also
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flagged in the field by hanging orange flaggingwawody vegetation on the bank directly

across from the redd/redds. The following measerégmwere made at each redd:

The Water depth (cm) in the redd was measured thententer of the redd pit, and
the total length of the redd (in cm) was measurethfthe upstream edge of the redd pit
to the most downstream point on the tailspill. Timee at which the water depth was
measured was also recorded. Substrate was chrazadtby an estimate of the dominant
size-class of substrate in which the redd was eateav The substrate surrounding the
redd site (rather than the substrate remaininginvitie redd) was visually examined to
determine what substrate size was most common. ingles piece of substrate

representing this most common size was selectednaadured to the nearest mm.

DETERMINING EGG PRESENCE

Once field measurements of redd characteristice weade, redds were gently
disturbed to determine whether eggs were presénst, a rectangular-frame kick-net
was held directly behind the tailspill by one crev@mber. A second crew member gently
disturbed the redd from the bottom of the pit te tbp of the tailspill, concentrating on

the area between the lowest point in the pit aeccthst of the tailspill (Figure 3).

Figure 3. This figure shows the location of eggihir a redd. Image from the
Washington Department of Fish & Wildlife website.
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Any disturbance of gravels was immediately ceaspdnuconfirmation of the
presence of eggs in a redd. As long as eggs warencountered, gentle raking was
continued to a depth of at least 5-6 inches toinonthe absence of eggs from the redd.
Eggs collected from redds were placed in labeledhbfolyethylene vials and preserved
in 80% ethanol. Because a follow-up survey of sgiyival will be made in early spring

2018, care was taken to minimize disturbance togtdds when searching for eggs.

LATE WINTER REDD RE-SURVEYS

Redds found to contain eggs during the fall susvesere revisited in the late
winter in 2018 to determine whether eggs remainethl® through the winter and to
determine whether egg survival could be relatedater depth at minimum flow. Redds
were relocated by searching for marked redd lonat{orange flagging and red cordage)
at low-flow periods provided by Brookfield Power &march 17 and 19, 2018. Redd
markers located in the field were checked for lelgedn the flagging and muslin bag. In
almost all cases, labeling allowed for clear id@sdtion of individual redds surveyed in
the fall. GPS locations were used in two instanghsere the labeling on flagging was
lost and damaged. At each relocated redd, thersidsn the area immediately upriver
of the marker bag was disturbed until eggs weradoor until the substrate in the area
was thoroughly disturbed to a depth of at least iGehes. If live eggs were found,
sampling generally continued only until a suffidietumber of live and dead eggs,
combined, were sampled to allow a confident estnudtthe ratio of live to dead eggs.
The target was 25-30 eggs, and this number wasedgdeonly once. Eggs were
collected in an 18-inch wide kick-net with 500-pnmesh screen placed immediately
downriver (within 1 foot) of the disturbed area.helnumber of live and dead eggs

collected was recorded, and the eggs were ret&imeater preservation in alcohol.

DATA MANAGEMENT AND ANALYSIS

Data from fall and winter field sheets were enteir@d Excel spreadsheets. The
total fall field survey effort was summarized byteland survey reach, and the number of

redds with and without eggs in the fall was tallssgarately by reach. Mean redd depths
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and dominant substrate sizes were calculated frach eeach both for redds with and
without eggs in the fall. Across all Deerfield Rivsurvey reaches, redds with and
without eggs in the fall were each tallied withiach of four redd depth intervals to
graphically examine the data for potential reladiups between water depth and the
percent of redds containing eggs. Water depth®diads with documented dewatering

were examined to assess flow conditions that paignthreaten survival of eggs.

Late-winter redd survey data were summarized teerdehe the proportion of
resurveyed redds found to contain eggs, and sumstatigtics were calculated from the

winter egg counts to describe the range of egg rusdind egg survival encountered.

DNA ANALYSIS OF FALL-SAMPLED EGGS

Egg samples were sent to the National GenomicseCdot Wildlife and Fish
Conservation (a part of the U.S. Forest ServicekiRddountain Research Station in
Missoula, MT) for analysis. DNA was first extract&édm the eggs, and the COI gene
was then amplified. Successfully amplified samplese then submitted for sequencing

of the COI gene to determine the species idenfigach sample (Lohman et al 2018).
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RESULTS

SURVEY EFFORT & TIMING

Surveys were initiated in tributary streams on Nvoker 5, 2017, and on the
Deerfield River on November 13, 2017. A significaain event on October 29 and 30,
2017 resulted in a peak discharge on the DeerRal@r in Charlemont of 9,820 cfs on
October 30 (Figure 4) and forced a later startuo/esys on the river than had been

planned.

Figure 4. Deerfield River discharge at USGS gaggast 01168500, October 28 through
December 9, 2017 (unpublished data).

Surveys were planned (to the extent that sometiomagliable flow forecasts
allowed) and conducted only during low-flow periods daytime hours. Surveys
generally occurred at minimum flow (~125 cfs), bl ffirst day of surveys (when 13
redds were found and measured) were conductedfiatis at ~230 cfs. A general lack

of significant rainfall through the fall survey |t resulted in regular opportunities to
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conduct surveys through some or most of daylighirbcon most days (Figure 4).
Surveys in progress were terminated if flows insegawithin a reach during the survey.
Such events resulted in at least a few surveysgbtminated early and requiring

additional visits in subsequent days.

Surveys were performed in five reaches within Beerfield River and in the
lower portions of six Deerfield River tributarie3able 1). Surveys of tributaries
occurred only in lower reaches, beginning at theflaence with the Deerfield River and
extending upriver for 0.3 to 1.5 miles (Table Bcross all tributaries, approximately 3.8
stream miles were surveyed. Tributary reaches wererally surveyed only once,
excepting the Chickley River, which was surveyethhia early and late November to

better ensure a complete accounting of redds itotlier Chickley River.

Table 1. Trout spawning survey effort and numberedfls observed in the Deerfield
River and select tributaries in fall 2017. (*) Assis indicate that distance surveyed
varied among surveys.

Total # %
Distance # Total# Redds Redds
Reach (mi) Surveys Redds weggs weggs
Avery Brook Lower 0.3 1 0 0 NA
Chickley River Lower 0.45 2 0 0 NA
Clesson Brook Lower 15 1 0 0 NA
Cold River Lower 1 0.3 1 0 0 NA
Cold River Lower 2 0.35 1 0 0 NA
Mill Brook Lower 0.4 1 0 0 NA
Pelham Brook Lower 0.5 1 0 0 NA
Deerfield Reach 1 * 6 57 17 30%
Deerfield Reach 2 * 4 17 10 59%
Deerfield Reach 2A * 2 18 6 33%
Deerfield Reach 3 * 5 9 4 44%
Deerfield Buckland * 1 0 0 NA
Tributaries Totals 3.8 8 0 0 NA
Deerfield River Totals * 18 101 37 37%
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The four Deerfield River survey reaches above R@utetal approximately four
miles of river, while this entire section of rivsiretches roughly 8.8 miles from Route 2
upriver to Fife Brook Dam. As such, more than lwdlthe length of this section of river
was not included in these surveys. Between fodrsaxsurveys occurred on each of the
three primary Deerfield River reaches above Routésitvey reaches 1, 2 and 3).
Deerfield Reach 2A was surveyed on two occasionstihiese surveys occurred later in
the survey period to better ensure a more compigantory of redds. One reach below
Charlemont (reach Deerfield Buckland) was survegaly once — later in the survey
period — to determine whether any spawning actwig occurring in this section of river
(Table 1). This reach represents only a very skection of the river between the Route

2 bridge crossing and the Number 4 Dam impoundment.

REDD COUNTS

Surveys identified 101 redds among the four reaaiméhe Deerfield River above
Route 2 in fall 2017 (Table 1 and Figure 5). Nmutrwere observed on redds during the
surveys. Redds were most abundant in the uppemsast, Deerfield Reach 1. Surveys
identified 57 redds in this reach, 17 (30%) of whwere found to contain eggs (Table 1
and Figure 5). Seventeen redds were counted infiBledeReach 2, 10 (57%) of which
contained eggs. Deerfield Reach 2A representedamgas of concentrated spawning
activity; surveys identified 18 redds in this rea@nd 6 (37%) of these 18 redds
contained eggs. Nine redds were identified in BeldrReach 3, and 4 (44%) of these 9
redds contained eggs. Among the 101 redds countdlde Deerfield River, 98 were
classified as “complete” redds, and three weresdiad as “test” redds (incomplete, as

evidenced by small size and lack of tailspill).

In contrast, spawning surveys failed to locate @uds in the tributaries, despite
surveying 3.8 miles of stream (Table 1). As disedslater, recent bedload scour from
the late October storm produced more difficult dbods for identifying redds in

tributaries than in the mainstem: tributary sulieBavere generally scoured and free of
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algae during the surveys, creating conditions inctviredds would more easily be
overlooked because of uniformly cleaned gravelshhoside and outside of redds.
Furthermore, tributary surveys may have failedomate any redds because these surveys

occurred only in the lower portions of these stream

Figure 5. Number of trout redds with eggs and witherygs identified in the Deerfield
River and select tributaries in fall 2017.

AMBIENT ENVIRONMENTAL CONDITIONS
WATER DEPTHS AT MINIMUM FLOW

Redds were found exclusively at minimum flow wadepths of less than 50 cm
(this range of depths included the 13 measuremmeatie with flows at ~230 cfs). Water
depths at minimum flow ranged from 6 to 50 cm. Twydive of 98 (25%) complete
redds occurred at depths less than 13 cm (Figur& birteen of these twenty-five (52%)
redds contained eggs. Thirty-one of 98 (31%) ceteptedds occurred at water depths

ranging from 13 to 25 cm (Figure 6). The proparta redds containing eggs was lower
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in this depth range (29%) than in the shallowegitldgange of 0-12 cm (Figure 6).
Thirty-six redds occurred at depths ranging fromt@&8 cm, and 12 (33%) of these
redds were found to contain eggs. Six redds oeduat depths exceeding 38 cm, and
half of these redds contained eggs (Figure 6). dRedth eggs were most numerous in
the shallowest water depth interval of 0-12 cm (Fég6). Thirteen redds contained eggs
at this interval, relative to 9 redds at 13-25 d#,redds at 26-38, and 3 redds at 39-50
cm (Figure 6).

Figure 6. Occurrence of trout redds with and witheggs at three depth intervals in the
Deerfield River, fall 2017.

Redd water depths varied both within and among fiz¢émRiver survey reaches.
Redds in Deerfield Reach 2 were generally morel@hathan those occurring in the
other three reaches. Within each reach, waterhdegitl not differ between redds with
eggs and redds without eggs, as each was foundsaarsimilar range of depths (Figure
7). Across the three reaches with redds, watethdepetween redds with eggs and
without eggs was not significantly differemt£ 0.4588, t = 0.7438 df = 94).

DOMINANT SUBSTRATE

Substrates within which redds occurred were ctersity dominated by coarse

gravels (coarse gravel = 16-64 mm median diametst@an substrate size ranged only
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between 37 mm and 44 mm across these eight clasedds (Figure 8; summarized by
reach and presence of eggs), suggesting seledtyityout in the Deerfield River for a

narrow range of substrate sizes.

Redd Pit Water Depth [em) @ low flows (125225 cfs)

o

30

r~
v
L

Water Depth (cm)

[

SR2A

Figure 7. Redd pit water depths (@ low flows)rmut redds with eggs and without eggs
in four Deerfield River spawning surveys reachaB, Z017. Error bars = standard
deviation of the mean water depth.

Figure 8. Patrticle size of dominant substrate aaogiin redd locations in four Deerfield
River spawning survey reaches in fall 2017.
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DEWATERING OF REDDS

A redd was considered to be at least partially desed when a portion of the
tailspill occurred above the water’s surface. Wliewatered redds were typically noted
and/or photographed, the extent to which tailspiése dewatered varied widely, and no
effort was made to quantify or otherwise determihe amount of tailspill that was
exposed to the air. Field notes and photographgesi that among 25 complete redds in
water depths of 12 cm or less, tailspills of 12 %J8redds were at least partially
dewatered. The proportion of redds with eggs Wexe prone to dewatering (8 of 37 or
21.6%) was nearly the twice the proportion of caostglredds subjected to dewatering
(12 of 98 or 12.3%). The deepest water depth atlwbuch a “dewatered” observation
was made was 12 cm. Pit depths of the 12 dewatedzts were as follows: 6, 6, 6, 6, 7,
10, 10, 10, 11, 12, 12, 12 cm. Furthermore, 8haef 12 (or 67%) redds noted as

dewatered contained eggs.

DNA ANALYSIS OF TROUT EGGS

Results of DNA analysis of the trout eggs colldcte the fall from 33 redds
revealed that 92% of the samples (23 of 25) subthiéind successfully run were brown
trout (Salmo truttd. Another 2 of the 25 samples successfully rumewainbow trout
(Oncorhnychus mykiks Eight of the 33 egg samples sent for testingewmt able to be
submitted for DNA sequencing, in most cases owinthé poor quality of eggs that were

found dead upon sampling from the redd (Lohmar 2048).

LATE WINTER EGG SURVEYS

Among 37 redds found to contain eggs in the fall w&re relocated on March 17
and 19, 2018. Eggs were found in 10 of these @ds,eand live eggs were found in 7 of
those 10 (37%; Table 2). The number of eggs famdlthe percent live eggs occurring
in the redd both varied widely (Table 2). Onlyrl2oeggs were sampled from five redds;

eggs were dead in two of these five redds and alitieree of these five redds.

15
Cole Ecological. Inc. 2017 DRWTU Trout Spawningv8ys



Numerous live eggs were sampled from only threelsed the late winter resurvey
(Table 2). Seventy live eggs and 10 dead eggs sargled from one of these redds,
while 11 and 13 live eggs were sampled from twodsed Sampling of two redds
produced mostly dead eggs; one of these two reahisioed 1 live egg and 7 dead eggs,
while the other contained 17 dead eggs and 1 tiVle sac fry.

While sample sizes are far too small to statidiydaist for any relationships between
the number of live or dead eggs found and minimlow-fwater depth, the two redds
with a large occurrence of dead eggs had therid & shallowest fall water depths
among the 10 redds with eggs in late winter (T&)le Cessation of flowing water was
noted at both of these redd locations during thecMaurvey. Interestingly, 70 live eggs
(and 10 dead eggs) were sampled from the one ogldrwith a fall water depth of less
12 cm (redd SR1-112217-R11); while the water wadl@lv in this redd, water continued
to flow swiftly over the redd during the March sayas a result of the redd’s location in

the middle of a shallow riffle.

Based on cross-referencing redd numbers from teenlmter surveys with the DNA
analysis results, all live eggs sampled from tkerrin late winter were from brown trout
redds. Two redds containing only dead eggs inldteewinter had no results from the
DNA analyses, and one redd containing only deads aggthe late winter contained

rainbow trout eggs in the fall.
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Table 2. Summary of eggs and yolk sac fry sampiech 10 of 27 Deerfield River trout
redds in March 2018. (no eggs or fry were sampiechfl7 of those re-sampled redds)

Total #
#Yolk Eggs
# Eyed #Dead Sac and % Fall Water
Redd ID Eggs  Eggs Fry Fry Live Depth (cm)
SR1-111317-R07 0 1 0 1 0% 36
SR2-120717-R06 1 0 0 1 100% 11
SR2A-120917-R01 1 0 0 1 100% 28
SR2-120717-R09 2 0 0 2 100% 12
SR3-112817-R01 0 2 0 2 0% 17
SR1-112017-R07 1 7 0 8 13% 10
SR1-120717-R02 11 0 0 11 100% 38
SR1-120317-R05 13 0 0 13 100% 24
SR2-120717-R0O1A 0 17 1 18 6% 7
SR1-112217-R11 70 10 0 80 88% 6
Median 1 0.5 0 5 94%
Mean 9.9 3.7 0.1 13.7 61%
SD 21.6 5.8 0.3 24.1 49%
Min 0 0 0 1 0%
Max 70 17 1 80 100%
n 10 10 10 10 10
DISCUSSION

As one of the premiere trout fishing destinationscentral New England, the
Deerfield River receives heavy stocking of rainbcand brown trout by the
Massachusetts Division of Fisheries and Wildlifaccordingly, most fish of catchable
size in the river are of stocked origin. Howe\axeniles of both stocked species, and
smaller than those stocked by the state, occuhenriver and are routinely caught by
anglers. Stream-bred rainbow and brown trout &e &nown to occur in several
Deerfield River tributaries (Caleb Slater, persoc@ihmunication based on examination
of the MassWildlife fish survey database), suggesthat juvenile trout occurring in the
Deerfield River could originate from these tribyt@treams and not from the mainstem

Deerfield River. However, guides and anglers, ealikave long been aware of fall
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spawning activity by trout in the Deerfield RivelMVhile trout spawning is known to
occur in the river, no effort has previously beeadm to determine the extent of such

activity or of spawning success.

The fall 2017 spawning survey performed by the belerRiver Watershed Chapter
of Trout Unlimited was the first effort to formallgocument and begin to study trout
spawning in the Deerfield River below Fife Brookra The study aimed to begin to
qguantify trout redd abundance and characterize déstdibution in the Deerfield River.
The survey identified 101 redds in the DeerfieldeRibetween Fife Book Dam and the
confluence with the Cold River, a distance of agpmately 7.5 miles. No surveys
occurred in the ~1.25 miles of river between thedCRIver and the Route 2 Bridge.
Spawning survey efforts were concentrated in thresehes totaling approximately 4
miles of river, plus two areas of known concenttagpawning, in all representing
approximately half of this total distance betweéie Brook Dam and the Route 2 Bridge
and (see Figures 9 through 11). While only halftto$ total distance was surveyed,
survey reaches were selected to include areasnceotrated spawning activity, based on
observations made by guides in previous years.sukf, most of the spawning activity
occurring in this section of river above the ColddR was likely accounted for in these
surveys. The amount of trout spawning activitywsstn the Cold River downriver

through Charlemont to the #4 Impoundment in Buakleamains unknown.

Spawning activity was heaviest in the uppermosthredosest to Fife Brook Dam
and lightest in the reach farthest from the dam.nuinber of areas of concentrated
spawning activity occurred throughout the rivernfirZzoar Gap upriver to Fife Brook
Dam (see Figures 9 through 11). Each of thesesag@eared to occur in relatively close
proximity to larger pools that volunteers felt weteep-water refugia for adult trout
during periods of minimum flows. Recent work byoBg (2013) demonstrated that
brown trout may select spawning areas in part basetheir close proximity to deeper
overwintering habitats (Skoog 2013), suggestingt tie most favorable spawning
locations in the Deerfield may depend both on sgeeific conditions (water depth,
substrate, and surface water/ground water exchargkepn proximity to other favorable
habitats.
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In contrast to the many redds found in the Deaeatfi®liver, no redds were
encountered during surveys of the lower reachesxdDeerfield River tributaries. These
surveys occurred during the same time period (dddyember through late November)
as the mainstem Deerfield River surveys, yet fatledocate any redds. While redds
were found only in the Deerfield River during thesgveys, the results cannot be used to
suggest that trout from the Deerfield River do neé the tributary streams to spawn.
First, only the lower reaches of the tributariesraveurveyed, while trout may have
simply spawned farther upstream. Also, a large mient in late October inundated
these tributaries, scouring and rearranging sulestrtnroughout. Surveying of these
reaches in November proved difficult because tlaes of redds would have been the
same color as the surrounding gravels outside efrélds. The large rain event may
have thwarted early efforts by trout to ascenddhabutaries or may have rearranged the
substrate to mask redds. The 2017 survey residta@netheless compelling that trout

residing the river in fall 2017 also spawned in tiver.

This study also sought to characterize certain antbconditions in which redds
occurred to determine whether the prevalence afmuiete redds or redds without eggs
was related to water depth. Redds occurred wahmarrow range of substrate sizes and
water depths at low flows. Redds were excavatedusixvely in areas dominated by
coarse gravels. Water depths at low flows rangaah 6 to 50 cm. No redds were found
completely dry during low flows (125 cfs) and naomere found in water deeper than 50
cm. Water depth across all redds with eggs (n =a¥€éyaged 21.4 cm, while depths of
redds without eggs averaged 23.1 cm. These depthenimum flow are marginally
shallower than a mean depth of 25.5 cm reportedbfown trout redds in Ontario,
Canada (Witzel & MacCrimmon 1983) and of 31.1 cqmoréed for brown trout redds in
New Zealand (Shirvell & Dungey 1983); the measunethien these other studies
occurred on rivers that do not experience hydroipgak Despite the narrow range of
conditions within which trout redds occurred in tDeerfield River at minimum flow,
little superimposition of redds was observed, satigg that sufficient spawning habitat

likely occurs for the number of trout presentlywpang in the river.
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Among 101 identified redds, only three were clasdifis “test” redds, or incomplete
in their construction, suggesting that trout in heerfield River are evidently able to
complete redd construction in spite of regularluctuating flows. Neither redd
completion rates nor the percent of redds with egdall appeared to be related to water
depth. That is, shallow redds were not more fratjydeft incomplete or without eggs
than were deeper redds. However, it is not pregs&nbwn whether the overall rate of
37% egg occupancy in redds measured in the riveénhanfall is related to the current

hydropeaking regime, and is an issue warrantingpéuarinvestigation.

The study also sought to determine whether redds Weing dewatered and under
what conditions (range of depths) dewatering wasiotg. Dewatering was frequently
documented in redds occurring at depths of legs i8acm when the river flow was 125
cfs. While not measured during the fall surveystaewr velocities were generally also
very low in these shallow-water redds at minimuowil and sometimes only standing
water occurred in the redd pit. Numerous reddbiwieach of the areas of concentrated
spawning activity were at risk of dewatering durit@b cfs minimum flows. The three
photos in Figure 12 illustrate the generally shalland standing water conditions that
occurred in areas with concentrations of reddsnguminimum flows. The six photos in

Figure 13 exemplify dewatered conditions in shallwater redds at 125 cfs in the river.

Brown trout eggs have been found to be surprisingdjlient to dewatering and can
survive if their surrounding sediments containeatst 4% moisture by weight (Reiser &
White 1983). However, if exposed to freezing ctinds upon dewatering (or even
while still in the water), survival is likely lowethan 1% (Reiser & Wesche 1979).
Furthermore, while eggs may survive dewateringafperiod of time if moisture remains
sufficiently high, trout alevins (also known as ly@ac fry), which remain in the redd
gravels for weeks after hatching, will quickly dfeexposed to dewatered conditions
(Reiser & White 1981). This study documented fa tirst time trout alevins present in
the Deerfield River, a life stage even more vulbbrdo the effects of dewatering than

are trout eggs.

In addition to threatening early life stages ofutrdfluctuating flows resulting from

hydropeaking activities have been shown to be gisre to salmonid spawning behavior
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(e.g., Tiffan et al. 2010, Vollset et al. 2016)n dne study that examined brown trout
spawning behavior in a hydropeaking environmengwor trout remained active in
spawning areas across the range of flows that cetwduring the study (Vollset et al.
2016). However, brown trout were observed swimmimga chaotic manner during
ramp-down events, behavior indicative of stress toald thwart spawning efforts or
reduce spawning success (Vollset et al. 2016). inQuthe 2017 Deerfield River
spawning surveys, not a single trout was observedaoy redds during low-flow
conditions. Whether the absence of fish from tenging areas was related to time day
(day versus night) or to unsuitably low flows ist poesently known, but is an aspect of
spawning behavior by Deerfield River trout in need further investigation.
Furthermore, while the results of the present stddynot allow any inferences to be
made about the 37% egg occupancy rate in reddspdtentially disruptive effect of

variable flows on spawning efforts and successawsrfurther examination.

Late winter resurveys of redds with eggs conclugidemonstrated that brown trout
are successfully spawning in the Deerfield Rivesuiting in the production of trout
alevins. All 99 live eggs collected in the latenter were sampled from brown trout
redds, based on DNA analysis of eggs collectetierfdll from those same redds. As the
number of eggs and the ratio of live to dead eggees widely, and the sample size of
redds with eggs in late winter was small, no diatily based inferences of relationships
between water depths and egg survival can be migele. redds contained numerous live
eggs during the late winter surveys, and only adévins were collected, suggesting an

overall low spawning-to-hatching success rate enupper river in 2017-2018.

Mature female brown trout normally produce hundrefieggs, while redds in this
survey were generally found to contain far fewelowever, both fall and winter surveys
sought to minimize disturbance to redds when liggsewere encountered; as such, no
efforts were made to completely count eggs whee Bggs were abundant. While
beneficial to those particular eggs, this appropvented any estimates of total egg
abundance when egg survival was high. Therefboeeattual number of eggs surviving

in redds surveyed in 2017-2018 is almost certaivetbigher than reported.
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The late winter surveys sought to resurvey redas po egg hatching and fry swim
up. Calculations of fry hatching times from wiriere temperature data suggest that
some hatching of eggs likely occurred prior to March 17" surveys, but the absence of
yolk sac fry from most redds indicates that spagrsaccess-to-hatching rates were
generally low. Based on continuous water tempegatlata collected from ~250 m
downriver from Fife Brook dam through the late falhd winter, the average water
temperature between November 13 (first day of sigivand March 17 at this location
was 3C. Using this mean water temperature and equdtoim Crisp (1981), 50% of
brown trout eggs were predicted to hatch at 128 deowing fertilization. As the date
of fertilization of eggs is not known, the survehars date was selected to represent a
reasonable date after which significant spawniniyi&c was still known to be occurring.
Late winter sampling occurred 124 days following tlovember 18 commencement of
the fall spawning surveys. The late winter survéheyefore occurred at the very end of
the 127-day period, and an unknown number of reslese constructed prior to the
beginning of the fall surveys. As such, the 12y;d&®% hatch window passed for some
redds prior to March 7 However, when trout alevins initially hatch, yheemain
within the redd gravels until their food supplyheir yolk sac — is completely absorbed.
Time from hatching to complete yolk sac absorpwan range from a week to several
weeks. Therefore, the near complete absence bfsgal fry from redds (only a few were
collected already hatched from redds, although mausealevins hatched from eggs once
they had been collected), combined with a numberedtis still supporting live eggs

strongly suggests that no significant hatchinglevias had yet occurred.

Many interacting variables are likely contributing the observed low spawning
success in the Deerfield River in 2017-2018. WioNer 100 redds were found in the
fall, only 3 redds were verified to support numbefrsiable eggs in the late winter. This
finding could partially result from variable flowaffecting spawning behavior and
survival of critical early life stages, but may @lbe partly related to flow or climatic
conditions specific to 2018. Larger samples ofdeedith eggs and larger numbers of
eggs collected from redds will be necessary toetjosxamine relationships between egg

survival and ambient conditions such as water dep#&iso, while the presence of
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numerous live eggs in three resurveyed redds stgyties disturbance to redds in the fall
did not result in high egg mortality across all ded the effect of fall sampling
disturbance on egg survival is not presently kno8och potential effects must be
considered in the planning of any future surveyweal at further quantifying egg

survival.

While questions regarding the effects of manageavdl on egg survival in the
Deerfield River remain, this work demonstrates thader certain conditions, brown trout
eggs can survive to hatching in the Deerfield Riv&his work also documented redds
occurring in low-flow conditions that may put troetjgs at increased risk of mortality
from freezing in dewatered or standing-water coadg. While at present the survival
rate of trout eggs and alevins left in shallow wate minimum flows in the Deerfield
River remains unknown, the results of others’ wauggest that conditions observed and
measured in this study present a real risk to timewime survival of eggs and alevins.
Such risks could be minimized by providing flowsittlensure redds remain completely

inundated during the egg incubation and hatchingge
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Figure 9. Deerfield River Spawning Survey Reachife Brook Dam to Carbus Bend
(0.9 mi.). Yellow circle indicates area of congat¢d spawning activity in fall 2017.
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Figure 10. Deerfield River Spawning Survey ReacBI#ady Pool to Bridge to Nowhere
(0.9 mi.); and reach 2A (Beaver Island and Chahi&bf Zoar Gap). Yellow circles
indicate areas of concentrated spawning activifalii?017.
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Figure 11. Deerfield River Spawning Survey Reachdar Gap to island at Cold River
confluence (2.1 mi.)
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Figure 12. General water levels at 125 cfs in locast of concentrated redds in the
Deerfield River in fall 2017. Upper photo: Reachbélow Fife Brook Dam; Middle
photo: Reach 2 above the Bridge to Nowhere; Lovietq Reach 2 in the back end of
Shady Pool.
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Figure 13. Examples of dewatering of redd tailspitl the Deerfield River in fall 2017.
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Figure 14. Photographs of eyed eggs and alevim& 6ac fry) collected from Deerfield
River brown trout redds surveyed in March, 2018.
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DEERFIELD RIVER REDD SURVEY FIELD DATA FORM

Date Surveyor Names GPS Coordinates
Reach Name Survey Start Time Start
Reach Description Survey End Time End

Flows during survey (Peaking, Min, or Storm)

We athe during survey:

Did flows change during survey?

NEW Water Water ReddTotal Dom  Fishon
Complete or this Depth  Depth Legnth substrate Redd? Eggs
Redd ID Test Redd? week? Lat Long (cm) TIME (cm) size (Y/N) present? Notes
SR1-110417-R( Complete| Y 40 120 75 Y Y two trout on redd

Ex Redd ID: SR1-110417-R1 (Survey Reach #1, dateeBd #1)

10-25-17 version



