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EXECUTIVE SUMMARY 

In fall 2017 and late winter 2018, the Deerfield River Watershed Chapter of Trout 

Unlimited (DRWTU) performed a trout spawning survey of the Deerfield River and 

select tributaries in order to begin to understand the extent to which trout successfully 

spawn in the Deerfield River.  The objectives of the study were to document trout 

spawning activity in the river below Fife Brook Dam; to determine the extent to which 

spawning redds are subject to de-watering (stranding) resulting from hydropeaking-

related water level fluctuations; and to begin to quantify winter survival of trout eggs in 

redds and determine if survival rates are related to water depth at minimum flows. 

Surveys were led by Dr. Mike Cole and performed by DRWTU members from early 

November through early December 2017 (the fall period).  Late winter surveys to assess 

over-winter survival of eggs were performed on March 17 and 19, 2018.  All field crews 

were trained in the field survey protocols by Dr. Cole.  Five survey reaches in the 

Deerfield River were selected between Fife Brook Dam and the #4 Deerfield Dam.  Each 

reach was surveyed on foot at least twice during the fall survey period.  Fall spawning 

surveys were also performed on the lower reaches of six Deerfield River tributary 

streams.  During fall surveys, crews identified and marked redds, measured ambient 

physical conditions associated with redds, and checked each redd for the presence of 

eggs. 

Fall surveys identified 101 redds among the four reaches in the Deerfield River in 

the survey area upriver of Route 2.  Ninety eight of these redds were fully constructed, 

and 37 of these redds contained eggs.  Spawning activity was heaviest in the uppermost 

reach closest to Fife Brook Dam and lightest in the reach farthest from the dam.  A 

number of areas of concentrated spawning activity occurred throughout the river from 

Zoar Gap upriver to Fife Brook Dam, a distance spanning approximately 5.2 miles.  In 

contrast to the many redds found in the Deerfield River, no redds were encountered 

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

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

Redds occurred exclusively in substrates dominated by coarse gravels.  Redd water 
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depths at low water (generally minimum flow of ~125 cfs, but with one morning of 

measurements made at 230 cfs) ranged from 6 to 50 cm.  Water depths did not differ 

between redds with eggs and redds without eggs, as each was found across a similar 

range of depths. Redds in shallow water at low flows (6-12 cm deep) were found to have 

the highest percentage of eggs (52%), compared to 29% of redds in 13-25 cm of water 

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

Dewatering was frequently documented in redds occurring at depths of less than 13 

cm when the river was running at a minimum flow of 125 cfs; 12 of 25 redds at depths of 

6 to 12 cm were noted as being dewatered.  Eight of these 12 redds contained eggs.  As 

such, the proportion of redds with eggs that were prone to dewatering (8 of 37 or 21.6%) 

was nearly twice the proportion of all complete redds subjected to dewatering (12 of 98 

or 12.3%).  While not measured during the fall surveys, water velocities were also very 

low in many of these shallow-water redds at minimum flow, and sometimes only 

standing water occurred in redd pits.  As such, trout eggs in the Deerfield River are 

potentially at increased risk of mortality from freezing in both dewatered and reduced 

water velocity conditions.   

Redds found to contain eggs in the fall were resurveyed in the late winter to begin to 

determine survivorship of eggs in the river.  Late winter resurveys revealed the presence 

of eyed eggs and trout alevins in redds, demonstrating for the first time successful brown 

trout spawning in the mainstem Deerfield River below Fife Brook Dam.  Based on DNA 

analysis of eggs collected in the fall, all 99 live eggs collected in the late winter were 

sampled from brown trout redds,.  As the number of eggs and the ratio of live to dead 

eggs varied widely among redds, and the sample size of redds with eggs in late winter 

was small, no statistically based inferences of relationships between water depths and egg 

survival could be made.  Few redds (3 of 27 redds resurveyed) contained numerous live 

eggs during the late winter surveys, and only a handful of alevins were collected, 

suggesting a low overall spawning-to-hatching success rate in the upper river in 2017-

2018. 

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

the Deerfield River, this work demonstrates that under certain conditions, brown trout 
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eggs can survive to hatching in the river.  This work also documented redds occurring in 

low-flow conditions that may put trout eggs at increased risk of mortality from freezing 

in dewatered or standing-water conditions.  While at present the survival rate of trout 

eggs and alevins left in shallow water at minimum flows in the Deerfield River is 

unknown, the results of others’ work suggest that conditions observed and measured in 

this study present a real risk to the wintertime survival of eggs and alevins.  Such risks 

could be minimized by providing flows that ensure redds remain completely inundated 

during the egg incubation and hatching period. 
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BACKGROUND & INTRODUCTION 

While juvenile trout of natural origin are known to be present in the Deerfield River, 

the source of these fish – whether the mainstem Deerfield River, tributary streams, or 

both – is presently unknown.  The Deerfield River Watershed Chapter of Trout Unlimited 

(DRWTU) performed a trout spawning survey of the Deerfield River and select 

tributaries in order to begin to understand the extent to which trout successfully spawn in 

the Deerfield River.  The objectives of this first year of surveys were: 

1) document trout spawning activity in the project-affected area of the Deerfield 

River, 

2)  begin to determine the  distribution and abundance of trout redds in the project-

affected area of the Deerfield River, 

3) determine the extent to which current hydro project operations expose spawning 

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

4) determine the proportion of complete and incomplete redds and determine if redd 

completion rates are related to water depth at low flows, and 

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

survival rates are related to water depth at low flow. 

 In order to achieve these objectives, spawning surveys were performed by trained 

DRWTU members from early November through early December 2017.  Five survey 

reaches in the Deerfield River were selected between Fife Brook Dam and the Deerfield 

#4 Dam.  Reaches were selected based on knowledge of concentrated spawning activities 

in previous years.  The reaches selected for these surveys were as follows: 

Reach 1: Immediately below Fife Brook Dam to Carbus Bend (1.06 mi.) 

Reach 2: Shady Pool to Bridge to Nowhere (0.9 mi) 

Reach 2A: The upper end of Beaver Island and the side channel on river right upriver 

of Zoar Gap. 

Reach 3: Zoar Gap to Cold River (2.1 mi.) 
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Reach 4: Buckland from the confluence of Clesson Brook upriver approximately 0.5 

mi. 

Teams of at least two people each surveyed these select river reaches.  Flows and 

turbidity determined the precise timing of surveys.  Surveys occurred exclusively on foot.  

During each survey, redds and fish using redds were counted within each survey 

reach.  Each redd was identified as a complete or test (incomplete) redd according to the 

characteristics described later in this report.  The location of all spawning activity was 

recorded with a hand-held GPS unit, either as individual redds (in areas of pocket 

spawning) or by bracketing areas of extensive spawning activity with waypoints at the 

upriver and downriver ends of the activity. A number of habitat variables were measured 

and recorded at each redd, and redd gravels were gently disturbed with a hand rake to 

determine the presence of eggs.  In a second round of surveys to occur in early 2018, 

redds determined to contain eggs in the fall will be revisited in the late winter/early 

spring (after a sufficient number of degree days have accrued) to assess egg survival 

shortly prior to hatching and emergence.  This interim report documents the findings of 

the fall 2018 surveys for distribution to agencies and other interested parties. 

 

SPAWNING SURVEY METHODS 

FIELD TRAINING 

Training was held on the first day of Deerfield River spawning surveys on November 

13, 2017.  Participants learned how to identify and mark redds, how to collect data 

associated with redds, and how to record and store waypoints with a GPS.  In addition to 

learning the field survey protocols, survey teams were established, and the survey 

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

 Surveys were initiated in tributaries during the first week of November and in the 

Deerfield River during the second week of November in 2017.  Each reach in the 

Deerfield River was surveyed at least twice during the survey period.  Surveys were 

performed until early December, when new redd construction was no longer observed  

FIELD SURVEY METHODS 

 Upon arrival at a survey reach, survey form header information including survey 

reach, date, weather, flow conditions, and crew members was filled out.  During initial 

surveys of reaches, crews walked the banks and through shallow water zones, often in a 

zig-zag manner across wadeable portions of the channel, to locate individual redds or 

areas of concentrated spawning.  When sufficient time and low flows allowed, crews 

walked the entire survey reach.  In subsequent weeks, following the identification of 

areas of concentrated spawning, crews often focused their survey effort on identifying 

and collecting data from newly constructed redds in these specific areas. 

IDENTIFYING REDDS 

Each redd encountered was first examined according to the following criteria to 

determine whether the redd was a complete or test redd: 

COMPLETE REDDS 

Redds are areas within river gravels that are excavated by female trout and in which 

eggs are laid and fertilized.  The redd construction process includes the excavation of an 

initial pit, laying and fertilizing the eggs within the pit, and the covering the eggs by the 

female with loose gravels.  The result of this process is a fully formed redd, complete 

with a “classic pit and tailspill”.  These completed redds have also been called “true” 

redds (Dunham and Rieman, 2001).  Particularly when freshly constructed, these 

completed redds are easy to spot and recognize.  They will generally be several feet long 

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

TEST REDDS  

Test redds (potential redds) are redds that are not fully constructed.  These redds 

are smaller, less oblong, and lack the tailspill, the feature indicating  that eggs have likely 

been deposited and covered.  Test redds were also recorded, but were differentiated from 

complete redds on the survey form.  Both test and complete redds were carefully checked 

for eggs, as described later.  Classifying a redd as complete or test depended primarily on 

the presence of the tailspill and oblong shape.   When a redd could not be neatly 

classified as complete or test, crews were instructed to call it a test redd.  In subsequent 

weeks, test redds were re-examined to determine whether their 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 lack of tailspill and roundish overall shape.  
This redd was photographed in the Deerfield River in October 2013. 

 

SUPERIMPOSITION & CHAINING 

New redds constructed over older redds is termed superimposition.  Trout may use 

the pit of a previous redd as an egg pocket and then bury eggs leading to a chain of redds 

running parallel to the river’s flow.  Overlapping redds can create challenges to 

discerning individual redds within the chain.  In this study, redd counts in superimposed 

or chained redds were based on the number of redds showing both pits and tailspills (per 

Barnett and Paige).  

DATA COLLECTION 

All field data were recorded on Field Data Forms provided on write-in-the-rain paper 

for these surveys.  As redds were encountered, they were first marked with a rock-filled 

cloth bag at the end of the tailspill (per Barnett and Paige). The assigned redd ID number 

was written on the cloth bag and on an 18-inch piece of orange flagging.  The bag was 

tied closed and the piece of flagging was tied to the bag.  To minimize risk of losing the 

rock bags to high flows and better ensure the relocation of the redds in the early spring, 

the rock-fill bag was buried in the gravel at the very back of the redd so only the flagging 

tape was clearly visible. Redds identified as containing eggs were marked with both a 

piece of orange flagging and with an 8” piece of red cordage.   

Locations of individual redds (when isolated) or groups of redds (when in close 

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

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

The Water depth (cm) in the redd was measured from the center of the redd pit, and 

the total length of the redd (in cm) was measured from the upstream edge of the redd pit 

to the most downstream point on the tailspill.  The time at which the water depth was 

measured was also recorded.  Substrate was characterized by an estimate of the dominant 

size-class of substrate in which the redd was excavated. The substrate surrounding the 

redd site (rather than the substrate remaining within the redd) was visually examined to 

determine what substrate size was most common.  A single piece of substrate 

representing this most common size was selected and measured to the nearest mm. 

DETERMINING EGG PRESENCE 

 Once field measurements of redd characteristics were made, redds were gently 

disturbed to determine whether eggs were present.  First, a rectangular-frame kick-net 

was held directly behind the tailspill by one crew member. A second crew member gently 

disturbed the redd from the bottom of the pit to the top of the tailspill, concentrating on 

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

 
Figure 3.  This figure shows the location of eggs within a redd.  Image from the 
Washington Department of Fish & Wildlife website. 
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Any disturbance of gravels was immediately ceased upon confirmation of the 

presence of eggs in a redd.  As long as eggs were not encountered, gentle raking was 

continued to a depth of at least 5-6 inches to confirm the absence of eggs from the redd.  

Eggs collected from redds were placed in labeled 50-ml polyethylene vials and preserved 

in 80% ethanol.  Because a follow-up survey of egg survival will be made in early spring 

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

LATE WINTER REDD RE-SURVEYS 

 Redds found to contain eggs during the fall surveys were revisited in the late 

winter in 2018 to determine whether eggs remained viable through the winter and to 

determine whether egg survival could be related to water depth at minimum flow.  Redds 

were relocated by searching for marked redd locations (orange flagging and red cordage) 

at low-flow periods provided by Brookfield Power on March 17 and 19, 2018.  Redd 

markers located in the field were checked for labeling on the flagging and muslin bag.  In 

almost all cases, labeling allowed for clear identification of individual redds surveyed in 

the fall.  GPS locations were used in two instances where the labeling on flagging was 

lost and damaged.  At each relocated redd, the substrate in the area immediately upriver 

of the marker bag was disturbed until eggs were found or until the substrate in the area 

was thoroughly disturbed to a depth of at least 6-8 inches.  If live eggs were found, 

sampling generally continued only until a sufficient number of live and dead eggs, 

combined, were sampled to allow a confident estimate of the ratio of live to dead eggs.  

The target was 25-30 eggs, and this number was exceeded only once.  Eggs were 

collected in an 18-inch wide kick-net with 500-µm mesh screen placed immediately 

downriver (within 1 foot) of the disturbed area.  The number of live and dead eggs 

collected was recorded, and the eggs were retained for later preservation in alcohol. 

  

DATA MANAGEMENT AND ANALYSIS 

Data from fall and winter field sheets were entered into Excel spreadsheets.  The 

total fall field survey effort was summarized by date and survey reach, and the number of 

redds with and without eggs in the fall was tallied separately by reach.  Mean redd depths 
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and dominant substrate sizes were calculated from each reach both for redds with and 

without eggs in the fall.  Across all Deerfield River survey reaches, redds with and 

without eggs in the fall were each tallied within each of four redd depth intervals to 

graphically examine the data for potential relationships between water depth and the 

percent of redds containing eggs.  Water depths in redds with documented dewatering 

were examined to assess flow conditions that potentially threaten survival of eggs. 

Late-winter redd survey data were summarized to determine the proportion of 

resurveyed redds found to contain eggs, and summary statistics were calculated from the 

winter egg counts to describe the range of egg numbers and egg survival encountered.   

 

DNA ANALYSIS OF FALL-SAMPLED EGGS 

Egg samples were sent to the National Genomics Center for Wildlife and Fish 

Conservation (a part of the U.S. Forest Service Rocky Mountain Research Station in 

Missoula, MT) for analysis. DNA was first extracted from the eggs, and the COI gene 

was then amplified.  Successfully amplified samples were then submitted for sequencing 

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

SURVEY EFFORT & TIMING 

Surveys were initiated in tributary streams on November 5, 2017, and on the 

Deerfield River on November 13, 2017.  A significant rain event on October 29 and 30, 

2017 resulted in a peak discharge on the Deerfield River in Charlemont of 9,820 cfs on 

October 30 (Figure 4) and forced a later start to surveys on the river than had been 

planned. 

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

 

Surveys were planned (to the extent that sometimes unreliable flow forecasts 

allowed) and conducted only during low-flow periods in daytime hours.  Surveys 

generally occurred at minimum flow (~125 cfs), but the first day of surveys (when 13 

redds were found and measured) were conducted with flows at ~230 cfs.  A general lack 

of significant rainfall through the fall survey period resulted in regular opportunities to 
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conduct surveys through some or most of daylight hours on most days (Figure 4).  

Surveys in progress were terminated if flows increased within a reach during the survey.  

Such events resulted in at least a few surveys being terminated early and requiring 

additional visits in subsequent days. 

 Surveys were performed in five reaches within the Deerfield River and in the 

lower portions of six Deerfield River tributaries (Table 1).  Surveys of tributaries 

occurred only in lower reaches, beginning at the confluence with the Deerfield River and 

extending upriver for 0.3 to 1.5 miles (Table 1).  Across all tributaries, approximately 3.8 

stream miles were surveyed.  Tributary reaches were generally surveyed only once, 

excepting the Chickley River, which was surveyed both in early and late November to 

better ensure a complete accounting of redds in the lower Chickley River.   

 

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

Reach 
Distance 

(mi) 
# 

Surveys 
Total # 
Redds 

Total # 
Redds 
w eggs 

% 
Redds 
w eggs 

Avery Brook Lower 0.3 1 0 0 NA 
Chickley River Lower 0.45 2 0 0 NA 
Clesson Brook Lower 1.5 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 Route 2 total approximately four 

miles of river, while this entire section of river stretches roughly 8.8 miles from Route 2 

upriver to Fife Brook Dam.  As such, more than half of the length of this section of river 

was not included in these surveys.  Between four and six surveys occurred on each of the 

three primary Deerfield River reaches above Route 2 (survey reaches 1, 2 and 3).  

Deerfield Reach 2A was surveyed on two occasions, but these surveys occurred later in 

the survey period to better ensure a more complete inventory of redds.  One reach below 

Charlemont (reach Deerfield Buckland) was surveyed only once – later in the survey 

period – to determine whether any spawning activity was occurring in this section of river 

(Table 1).  This reach represents only a very short section of the river between the Route 

2 bridge crossing and the Number 4 Dam impoundment. 

 

REDD COUNTS 

 Surveys identified 101 redds among the four reaches in the Deerfield River above 

Route 2 in fall 2017 (Table 1 and Figure 5).  No trout were observed on redds during the 

surveys.  Redds were most abundant in the uppermost reach, Deerfield Reach 1.  Surveys 

identified 57 redds in this reach, 17 (30%) of which were found to contain eggs (Table 1 

and Figure 5).  Seventeen redds were counted in Deerfield Reach 2, 10 (57%) of which 

contained eggs.  Deerfield Reach 2A represented two areas of concentrated spawning 

activity; surveys identified 18 redds in this reach, and 6 (37%) of these 18 redds 

contained eggs.  Nine redds were identified in Deerfield Reach 3, and 4 (44%) of these 9 

redds contained eggs.  Among the 101 redds counted in the Deerfield River, 98 were 

classified as “complete” redds, and three were classified as “test” redds (incomplete, as 

evidenced by small size and lack of tailspill). 

In contrast, spawning surveys failed to locate any redds in the tributaries, despite 

surveying 3.8 miles of stream (Table 1).  As discussed later, recent bedload scour from 

the late October storm produced more difficult conditions for identifying redds in 

tributaries than in the mainstem: tributary substrates were generally scoured and free of 
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algae during the surveys, creating conditions in which redds would more easily be 

overlooked because of uniformly cleaned gravels both inside and outside of redds.  

Furthermore, tributary surveys may have failed to locate any redds because these surveys 

occurred only in the lower portions of these streams. 

 

 
Figure 5. Number of trout redds with eggs and without eggs 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 water depths of less than 50 cm 

(this range of depths included the 13 measurements made with flows at ~230 cfs).  Water 

depths at minimum flow ranged from 6 to 50 cm. Twenty-five of 98 (25%) complete 

redds occurred at depths less than 13 cm (Figure 6).  Thirteen of these twenty-five (52%) 

redds contained eggs.  Thirty-one of 98 (31%) complete redds occurred at water depths 

ranging from 13 to 25 cm (Figure 6).  The proportion of redds containing eggs was lower 
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in this depth range (29%) than in the shallowest depth range of 0-12 cm (Figure 6).  

Thirty-six redds occurred at depths ranging from 26 to 38 cm, and 12 (33%) of these 

redds were found to contain eggs.  Six redds occurred at depths exceeding 38 cm, and 

half of these redds contained eggs (Figure 6).  Redds with eggs were most numerous in 

the shallowest water depth interval of 0-12 cm (Figure 6).  Thirteen redds contained eggs 

at this interval, relative to 9 redds at 13-25 cm, 12 redds at 26-38, and 3 redds at 39-50 

cm (Figure 6).   

 
Figure 6.  Occurrence of trout redds with and without eggs at three depth intervals in the 
Deerfield River, fall 2017.  

Redd water depths varied both within and among Deerfield River survey reaches.  

Redds in Deerfield Reach 2 were generally more shallow than those occurring in the 

other three reaches.  Within each reach, water depths did not differ between redds with 

eggs and redds without eggs, as each was found across a similar range of depths (Figure 

7).  Across the three reaches with redds, water depths between redds with eggs and 

without eggs was not significantly different (p = 0.4588, t = 0.7438 df = 94). 

 

DOMINANT SUBSTRATE 

 Substrates within which redds occurred were consistently dominated by coarse 

gravels (coarse gravel = 16-64 mm median diameter).  Mean substrate size ranged only 
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between 37 mm and 44 mm across these eight classes of redds (Figure 8; summarized by 

reach and presence of eggs), suggesting selectivity by trout in the Deerfield River for a 

narrow range of substrate sizes. 
 

 
Figure 7.  Redd pit water depths (@ low flows) in trout redds with eggs and without eggs 
in four Deerfield River spawning surveys reaches, fall 2017. Error bars = standard 
deviation of the mean water depth. 

 
 

Figure 8. Particle size of dominant substrate occurring in 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 dewatered when a portion of the 

tailspill occurred above the water’s surface.  While dewatered redds were typically noted 

and/or photographed, the extent to which tailspills were dewatered varied widely, and no 

effort was made to quantify or otherwise determine the amount of tailspill that was 

exposed to the air.  Field notes and photographs suggest that among 25 complete redds in 

water depths of 12 cm or less, tailspills of 12 (48%) redds were at least partially 

dewatered.  The proportion of redds with eggs that were prone to dewatering (8 of 37 or 

21.6%) was nearly the twice the proportion of complete redds subjected to dewatering 

(12 of 98 or 12.3%).  The deepest water depth at which such a “dewatered” observation 

was made was 12 cm.  Pit depths of the 12 dewatered redds were as follows: 6, 6, 6, 6, 7, 

10, 10, 10, 11, 12, 12, 12 cm.  Furthermore, 8 of the 12 (or 67%) redds noted as 

dewatered contained eggs. 

 

DNA ANALYSIS OF TROUT EGGS 

 Results of DNA analysis of the trout eggs collected in the fall from 33 redds 

revealed that 92% of the samples (23 of 25) submitted and successfully run were brown 

trout (Salmo trutta).  Another 2 of the 25 samples successfully run were rainbow trout 

(Oncorhnychus mykiss).  Eight of the 33 egg samples sent for testing were not able to be 

submitted for DNA sequencing, in most cases owing to the poor quality of eggs that were 

found dead upon sampling from the redd (Lohman et al 2018). 

 

LATE WINTER EGG SURVEYS 

Among 37 redds found to contain eggs in the fall, 27 were relocated on March 17 

and 19, 2018.  Eggs were found in 10 of these 27 redds, and live eggs were found in 7 of 

those 10 (37%; Table 2).  The number of eggs found and the percent live eggs occurring 

in the redd both varied widely (Table 2).  Only 1 or 2 eggs were sampled from five redds; 

eggs were dead in two of these five redds and alive in three of these five redds. 
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Numerous live eggs were sampled from only three redds in the late winter resurvey 

(Table 2).  Seventy live eggs and 10 dead eggs were sampled from one of these redds, 

while 11 and 13 live eggs were sampled from two redds.  Sampling of two redds 

produced mostly dead eggs; one of these two redds contained 1 live egg and 7 dead eggs, 

while the other contained 17 dead eggs and 1 live yolk sac fry. 

While sample sizes are far too small to statistically test for any relationships between 

the number of live or dead eggs found and minimum-flow water depth, the two redds 

with a large occurrence of dead eggs had the 1st and 3rd shallowest fall water depths 

among the 10 redds with eggs in late winter (Table 2).  Cessation of flowing water was 

noted at both of these redd locations during the March survey.  Interestingly, 70 live eggs 

(and 10 dead eggs) were sampled from the one other redd with a fall water depth of less 

12 cm (redd SR1-112217-R11); while the water was shallow in this redd, water continued 

to flow swiftly over the redd during the March survey as a result of the redd’s location in 

the middle of a shallow riffle. 

Based on cross-referencing redd numbers from the late winter surveys with the DNA 

analysis results, all live eggs sampled from the river in late winter were from brown trout 

redds.  Two redds containing only dead eggs in the late winter had no results from the 

DNA analyses, and one redd containing only dead eggs in the late winter contained 

rainbow trout eggs in the fall. 
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Table 2. Summary of eggs and yolk sac fry sampled from 10 of 27 Deerfield River trout 
redds in March 2018. (no eggs or fry were sampled from 17 of those re-sampled redds) 

Redd ID 
# Eyed 
Eggs 

# Dead 
Eggs 

# Yolk 
Sac 
Fry 

Total # 
Eggs 
and 
Fry 

% 
Live 

Fall Water 
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-R01A 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 destinations in central New England, the 

Deerfield River receives heavy stocking of rainbow and brown trout by the 

Massachusetts Division of Fisheries and Wildlife.  Accordingly, most fish of catchable 

size in the river are of stocked origin.  However, juveniles of both stocked species, and 

smaller than those stocked by the state, occur in the river and are routinely caught by 

anglers.  Stream-bred rainbow and brown trout are also known to occur in several 

Deerfield River tributaries (Caleb Slater, personal communication based on examination 

of the MassWildlife fish survey database), suggesting that juvenile trout occurring in the 

Deerfield River could originate from these tributary streams and not from the mainstem 

Deerfield River.  However, guides and anglers, alike, have long been aware of fall 
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spawning activity by trout in the Deerfield River.  While trout spawning is known to 

occur in the river, no effort has previously been made to determine the extent of such 

activity or of spawning success. 

The fall 2017 spawning survey performed by the Deerfield River Watershed Chapter 

of Trout Unlimited was the first effort to formally document and begin to study trout 

spawning in the Deerfield River below Fife Brook Dam.  The study aimed to begin to 

quantify trout redd abundance and characterize redd distribution in the Deerfield River.  

The survey identified 101 redds in the Deerfield River between Fife Book Dam and the 

confluence with the Cold River, a distance of approximately 7.5 miles.  No surveys 

occurred in the ~1.25 miles of river between the Cold River and the Route 2 Bridge.  

Spawning survey efforts were concentrated in three reaches totaling approximately 4 

miles of river, plus two areas of known concentrated spawning, in all representing 

approximately half of this total distance between Fife Brook Dam and the Route 2 Bridge 

and (see Figures 9 through 11).  While only half of this total distance was surveyed, 

survey reaches were selected to include areas of concentrated spawning activity, based on 

observations made by guides in previous years.  As such, most of the spawning activity 

occurring in this section of river above the Cold River was likely accounted for in these 

surveys.  The amount of trout spawning activity between the Cold River downriver 

through Charlemont to the #4 Impoundment in Buckland remains unknown.   

Spawning activity was heaviest in the uppermost reach closest to Fife Brook Dam 

and lightest in the reach farthest from the dam.  A number of areas of concentrated 

spawning activity occurred throughout the river from Zoar Gap upriver to Fife Brook 

Dam (see Figures 9 through 11).  Each of these areas appeared to occur in relatively close 

proximity to larger pools that volunteers felt were deep-water refugia for adult trout 

during periods of minimum flows.  Recent work by Skoog (2013) demonstrated that 

brown trout may select spawning areas in part based on their close proximity to deeper 

overwintering habitats (Skoog 2013), suggesting that the most favorable spawning 

locations in the Deerfield may depend both on site-specific conditions (water depth,  

substrate, and surface water/ground water exchange) and on proximity to other favorable 

habitats. 
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In contrast to the many redds found in the Deerfield River, no redds were 

encountered during surveys of the lower reaches of six Deerfield River tributaries.  These 

surveys occurred during the same time period (early November through late November) 

as the mainstem Deerfield River surveys, yet failed to locate any redds.  While redds 

were found only in the Deerfield River during these surveys, the results cannot be used to 

suggest that trout from the Deerfield River do not use the tributary streams to spawn.  

First, only the lower reaches of the tributaries were surveyed, while trout may have 

simply spawned farther upstream.  Also, a large rain event in late October inundated 

these tributaries, scouring and rearranging substrates throughout.  Surveying of these 

reaches in November proved difficult because the gravels of redds would have been the 

same color as the surrounding gravels outside of the redds.  The large rain event may 

have thwarted early efforts by trout to ascend these tributaries or may have rearranged the 

substrate to mask redds.  The 2017 survey results are nonetheless compelling that trout 

residing the river in fall 2017 also spawned in the river. 

This study also sought to characterize certain ambient conditions in which redds 

occurred to determine whether the prevalence of incomplete redds or redds without eggs 

was related to water depth.  Redds occurred within a narrow range of substrate sizes and 

water depths at low flows.  Redds were excavated exclusively in areas dominated by 

coarse gravels.  Water depths at low flows ranged from 6 to 50 cm.  No redds were found 

completely dry during low flows (125 cfs) and none were found in water deeper than 50 

cm. Water depth across all redds with eggs (n = 37) averaged 21.4 cm, while depths of 

redds without eggs averaged 23.1 cm.  These depths at minimum flow are marginally 

shallower than a mean depth of 25.5 cm reported for brown trout redds in Ontario, 

Canada (Witzel & MacCrimmon 1983) and of 31.1 cm reported for brown trout redds in 

New Zealand (Shirvell & Dungey 1983); the measurements in these other studies 

occurred on rivers that do not experience hydropeaking.  Despite the narrow range of 

conditions within which trout redds occurred in the Deerfield River at minimum flow, 

little superimposition of redds was observed, suggesting that sufficient spawning habitat 

likely occurs for the number of trout presently spawning in the river. 
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Among 101 identified redds, only three were classified as “test” redds, or incomplete 

in their construction, suggesting that trout in the Deerfield River are evidently able to 

complete redd construction in spite of regularly fluctuating flows.  Neither redd 

completion rates nor the percent of redds with eggs in fall appeared to be related to water 

depth.  That is, shallow redds were not more frequently left incomplete or without eggs 

than were deeper redds.  However, it is not presently known whether the overall rate of 

37% egg occupancy in redds measured in the river in the fall is related to the current 

hydropeaking regime, and is an issue warranting further investigation. 

The study also sought to determine whether redds were being dewatered and under 

what conditions (range of depths) dewatering was occurring.  Dewatering was frequently 

documented in redds occurring at depths of less than 13 cm when the river flow was 125 

cfs.  While not measured during the fall surveys, water velocities were generally also 

very low in these shallow-water redds at minimum flow, and sometimes only standing 

water occurred in the redd pit.  Numerous redds within each of the areas of concentrated 

spawning activity were at risk of dewatering during 125 cfs minimum flows.  The three 

photos in Figure 12 illustrate the generally shallow and standing water conditions that 

occurred in areas with concentrations of redds during minimum flows.  The six photos in 

Figure 13 exemplify dewatered conditions in shallow-water redds at 125 cfs in the river. 

Brown trout eggs have been found to be surprisingly resilient to dewatering and can 

survive if their surrounding sediments contain at least 4% moisture by weight (Reiser & 

White 1983).  However, if exposed to freezing conditions upon dewatering (or even 

while still in the water), survival is likely lower than 1% (Reiser & Wesche 1979).  

Furthermore, while eggs may survive dewatering for a period of time if moisture remains 

sufficiently high, trout alevins (also known as yolk sac fry), which remain in the redd 

gravels for weeks after hatching, will quickly die if exposed to dewatered conditions 

(Reiser & White 1981).  This study documented for the first time trout alevins present in 

the Deerfield River, a life stage even more vulnerable to the effects of dewatering than 

are trout eggs. 

In addition to threatening early life stages of trout, fluctuating flows resulting from 

hydropeaking activities have been shown to be disruptive to salmonid spawning behavior 
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(e.g., Tiffan et al. 2010, Vollset et al. 2016).  In one study that examined brown trout 

spawning behavior in a hydropeaking environment, brown trout remained active in 

spawning areas across the range of flows that occurred during the study (Vollset et al. 

2016).  However, brown trout were observed swimming in a chaotic manner during 

ramp-down events, behavior indicative of stress that could thwart spawning efforts or 

reduce spawning success (Vollset et al. 2016).  During the 2017 Deerfield River 

spawning surveys, not a single trout was observed on any redds during low-flow 

conditions.  Whether the absence of fish from the spawning areas was related to time day 

(day versus night) or to unsuitably low flows is not presently known, but is an aspect of 

spawning behavior by Deerfield River trout in need of further investigation.  

Furthermore, while the results of the present study do not allow any inferences to be 

made about the 37% egg occupancy rate in redds, the potentially disruptive effect of 

variable flows on spawning efforts and success warrants further examination. 

Late winter resurveys of redds with eggs conclusively demonstrated that brown trout 

are successfully spawning in the Deerfield River, resulting in the production of trout 

alevins.  All 99 live eggs collected in the late winter were sampled from brown trout 

redds, based on DNA analysis of eggs collected in the fall from those same redds.  As the 

number of eggs and the ratio of live to dead eggs varied widely, and the sample size of 

redds with eggs in late winter was small, no statistically based inferences of relationships 

between water depths and egg survival can be made.  Few redds contained numerous live 

eggs during the late winter surveys, and only a few alevins were collected, suggesting an 

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

Mature female brown trout normally produce hundreds of eggs, while redds in this 

survey were generally found to contain far fewer.  However, both fall and winter surveys 

sought to minimize disturbance to redds when live eggs were encountered; as such, no 

efforts were made to completely count eggs when live eggs were abundant.  While 

beneficial to those particular eggs, this approach prevented any estimates of total egg 

abundance when egg survival was high.  Therefore, the actual number of eggs surviving 

in redds surveyed in 2017-2018 is almost certain to be higher than reported. 
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The late winter surveys sought to resurvey redds prior to egg hatching and fry swim 

up.  Calculations of fry hatching times from wintertime temperature data suggest that 

some hatching of eggs likely occurred prior to the March 17th surveys, but the absence of 

yolk sac fry from most redds indicates that spawning-success-to-hatching rates were 

generally low.  Based on continuous water temperature data collected from ~250 m 

downriver from Fife Brook dam through the late fall and winter, the average water 

temperature between November 13 (first day of surveys) and March 17 at this location 

was 3oC.  Using this mean water temperature and equation 1a in Crisp (1981), 50% of 

brown trout eggs were predicted to hatch at 127 days following fertilization.  As the date 

of fertilization of eggs is not known, the survey start date was selected to represent a 

reasonable date after which significant spawning activity was still known to be occurring.   

Late winter sampling occurred 124 days following the November 13th commencement of 

the fall spawning surveys. The late winter surveys therefore occurred at the very end of 

the 127-day period, and an unknown number of redds were constructed prior to the 

beginning of the fall surveys.  As such, the 127-day, 50% hatch window passed for some 

redds prior to March 17th.  However, when trout alevins initially hatch, they remain 

within the redd gravels until their food supply – their yolk sac – is completely absorbed.  

Time from hatching to complete yolk sac absorption can range from a week to several 

weeks.  Therefore, the near complete absence of yolk sac fry from redds (only a few were 

collected already hatched from redds, although numerous alevins hatched from eggs once 

they had been collected), combined with a number of redds still supporting live eggs 

strongly suggests that no significant hatching of alevins had yet occurred. 

Many interacting variables are likely contributing to the observed low spawning 

success in the Deerfield River in 2017-2018.  While over 100 redds were found in the 

fall, only 3 redds were verified to support numbers of viable eggs in the late winter.  This 

finding could partially result from variable flows affecting spawning behavior and 

survival of critical early life stages, but may also be partly related to flow or climatic 

conditions specific to 2018.  Larger samples of redds with eggs and larger numbers of 

eggs collected from redds will be necessary to closely examine relationships between egg 

survival and ambient conditions such as water depth.  Also, while the presence of 
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numerous live eggs in three resurveyed redds suggests that disturbance to redds in the fall 

did not result in high egg mortality across all redds, the effect of fall sampling 

disturbance on egg survival is not presently known. Such potential effects must be 

considered in the planning of any future surveys aimed at further quantifying egg 

survival.   

While questions regarding the effects of managed flows on egg survival in the 

Deerfield River remain, this work demonstrates that under certain conditions, brown trout 

eggs can survive to hatching in the Deerfield River.  This work also documented redds 

occurring in low-flow conditions that may put trout eggs at increased risk of mortality 

from freezing in dewatered or standing-water conditions.  While at present the survival 

rate of trout eggs and alevins left in shallow water at minimum flows in the Deerfield 

River remains unknown, the results of others’ work suggest that conditions observed and 

measured in this study present a real risk to the wintertime survival of eggs and alevins.  

Such risks could be minimized by providing flows that ensure redds remain completely 

inundated during the egg incubation and hatching period. 
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Figure 9.  Deerfield River Spawning Survey Reach 1: Fife Brook Dam to Carbus Bend 
(0.9 mi.).  Yellow circle indicates area of concentrated spawning activity in fall 2017. 



 

25 
Cole Ecological. Inc.  2017 DRWTU Trout Spawning Surveys 

 
Figure 10. Deerfield River Spawning Survey Reach 2: Shady Pool to Bridge to Nowhere 
(0.9 mi.); and reach 2A (Beaver Island and Channel US of Zoar Gap). Yellow circles 
indicate areas of concentrated spawning activity in fall 2017. 
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Figure 11. Deerfield River Spawning Survey Reach 3: Zoar Gap to island at Cold River 
confluence (2.1 mi.) 
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Figure 12. General water levels at 125 cfs in locations of concentrated redds in the 
Deerfield River in fall 2017. Upper photo: Reach 1 below Fife Brook Dam; Middle 
photo: Reach 2 above the Bridge to Nowhere; Lower photo: Reach 2 in the back end of 
Shady Pool.  
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Figure 13. Examples of dewatering of redd tailspills in the Deerfield River in fall 2017. 
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Figure 14.  Photographs of eyed eggs and alevins (yolk sac fry) collected from Deerfield 
River brown trout redds surveyed in March, 2018. 
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Date Surveyor Names GPS Coordinates
Reach Name Survey Start Time Start
Reach Description Survey End Time End
Flows during survey (Peaking, Min, or  Storm) Weather during survey:
Did flows change during survey?

Redd ID
Complete or 
Test Redd?

NEW 
this 

week? Lat Long

Water 
Depth 
(cm)

Water 
Depth 
TIME

Redd Total 
Legnth 
(cm)

Dom 
substrate 

size

Fish on 
Redd? 
(Y/N)

Eggs 
present? Notes

SR1-110417-R01Complete Y 40 120 75 Y Y two trout on redd

Ex Redd ID: SR1-110417-R1 (Survey Reach #1, date, Redd #1) 10-25-17 version

DEERFIELD RIVER REDD SURVEY FIELD DATA FORM

 


