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EXECUTIVE SUMMARY 

FirstLight Hydro Generating Company (FirstLight) is the current licensee of the Northfield Mountain 

Pumped Storage Project (Northfield Mountain Project, FERC No. 2485) and the Turners Falls 

Hydroelectric Project (Turners Falls Project, FERC No. 1889). FirstLight has initiated with the Federal 

Energy Regulatory Commission (FERC, the Commission) the process of relicensing the Northfield 

Mountain and Turners Falls Projects using FERC’s Integrated Licensing Process (ILP). The current licenses 

for the Northfield Mountain and Turners Falls Projects were issued on May 14, 1968 and May 5, 1980, 

respectively, with both set to expire on April 30, 2018.  

This report documents the results of Study No. 3.3.10: Assess Operational Impacts on Emergence of State-

Listed Odonates in the Connecticut River. The study goal was to assess potential effects of Project 

operations on emerging dragonflies (Insecta: Odonata; hereafter called “odonates”) in the Connecticut 

River. To meet this goal, field surveys were conducted to characterize the habitat, assemblage structure and 

emergence/eclosure behavior of odonates in the Project area. This information was compared with existing 

data on odonates and water surface elevation (WSEL) collected throughout the Project. 

Two phases of fieldwork were completed. Phase 1, completed in 2014, included qualitative surveys of 

odonate larvae and exuviae at eight sites from the Connecticut River, including Barton Cove, the Turners 

Falls Project bypass reach and locations downstream of Cabot Station, to determine species assemblage 

structure and to collect habitat data. For tenerals or exuviae, biologists recorded the vertical and lateral 

distance from the water’s edge, and the surface that each was collected on.  

Phase 2, completed in 2015, included quantitative odonate surveys, observations of emergence/eclosure 

behavior, and concurrent collection of water surface elevation and water temperature data to analyze 

potential effects of Project operations on odonates and their habitat. In consultation with the MA Natural 

Heritage and Endangered Species Program, FirstLight conducted quantitative surveys at five sites, and at 

each site established six transects oriented perpendicular to the river and spanning the continuum from the 

water’s edge into the upland terrestrial vegetation. Surveys for emerging larvae, exuviae, and tenerals were 

conducted at each transect during eight sampling periods that occurred approximately every two weeks 

beginning on May 27 and ending on September 2, 2015. Biologists looked for larvae exiting the water or 

crawling on land, and attempted to track and record the time it took for individuals to complete the eclosure 

process and fly away. For each exuvia and teneral, the vertical height above the water’s surface, the distance 

from the water’s edge, and its eclosure structure/substrate was recorded. 

Hourly variability in the WSEL and rates of change were computed at each site and used to compare with 

odonate emergence and eclosure behavior (i.e., crawl height, crawl distance, and crawl speed). 

A total of 17 confirmed species were collected in 2014 and 2015 combined, including the state-listed 

Gomphus abbreviatus, Gomphus vastus, Gomphus ventricosus, Neurocordulia yamaskanensis, and 

Stylurus amnicola. A total of 622 individuals representing 16 species were collected during the 2015 

quantitative sampling. Species found most frequently in the riverine environments of Sites 1 to 4 included 

Gomphus vastus, Boyeria vinosa, Stylurus spiniceps, Ophiogomphus rupinsulensis, Neurocordulia 

yamaskanensis, Dromogomphus spinosus, Gomphus abbreviatus, and Macromia illinoiensis. Site 5 (Barton 

Cove) was inhabited by several species more tolerant of lentic conditions, such as Epitheca princeps, 

Perithemis tenera, and Libellula sp. 

For all species combined, larvae crawled an average vertical height of 5.0 ft from the water’s surface, and 

an average distance of 12.4 ft from the edge of the water. There was considerable variation within and 

among species. Among the riverine species, crawl height was greatest for Macromia illinoiensis, Gomphus 

abbreviatus, Gomphus vastus, and Neurocordulia yamaskanensis; each of these species crawled an average 

height of near or above 7 ft. Riverine species that crawled the shortest height from the water’s surface 
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included Stylurus amnicola (3.2 ft), Ophiogomphus rupinsulensis (3.3 ft), and Stylurus spiniceps (4.5 ft). 

The more lentic species collected in Barton Cove crawled shorter heights from the water’s surface than the 

riverine species.  

Average horizontal crawl distance was usually between 10 and 15 ft for most species, with maximum 

distances often 3-4 times greater than the average. Shortest crawl distance was for Perithemis tenera (a 

lentic species that prefers to emerge on aquatic vegetation) and Stylurus amnicola. Considering crawl height 

and crawl distance together, the riverine species that tended to eclose closest to the water were Stylurus 

amnicola and Ophiogomphus rupinsulensis. In general, species eclosed on a wide variety of available 

surfaces. 

Due to low and erratic emergence, especially during what should have been the peak emergence period 

from late May to early July, data on emergence and eclosure speed are somewhat limited.  The average 

elapsed time from when a larva stopped to when it completed metamorphosis was 36 minutes (N=10, range: 

9 to 81 minutes). The time elapsed from completion of metamorphosis to flight ranged from 7 to 235 

minutes (N=22, average = 47 minutes). The 235-minute observation appears to be an anomaly; without that 

value, the average was 38 minutes and the range was from 7 to 96 minutes.  Together, these two time 

periods comprise the critical time period from when a larva stops to eclose to when it flies away. A total of 

nine specimens were observed to complete the entire critical time period, including Ophiogomphus 

rupinsulensis (1), Dromogomphus spinosus (2), Stylurus amnicola (2), Stylurus spiniceps (3), and one 

unidentified individual. The average duration was 70 minutes and ranged from 54 to 123 minutes. 

The water surface elevation (WSEL) changes and rates of change were characterized at each odonate survey 

site. 

Site 1: Near the Route 116 Bridge, the Connecticut River undergoes relatively low daily and hourly water 

level fluctuations. Over the entire data collection period, the daily fluctuation in WSEL ranged from 0.1 to 

4.8 ft (average daily = 2.2 ft). The maximum hourly rate of change in WSEL each day rarely exceeded 1.0 

ft/hr (average = 0.41 ft/hr) and the average hourly rate of change was 0.15 ft/hr. 

Site 2: The Connecticut River near Third Island undergoes relatively low daily and hourly water level 

fluctuations compared to areas closer to Cabot Station. Over the entire data collection period, the daily 

fluctuation in WSEL ranged from 0.0 to 4.8 ft (average daily = 2.4 ft). The maximum hourly rate of change 

in WSEL each day rarely exceeded 1.0 ft/hr (average = 0.51 ft/hr) and the average hourly rate of change 

was 0.18 ft/hr. 

Site 3: The Connecticut River near Poplar Street, which is not far downstream from Cabot Station and 

directly across the river from the Deerfield River confluence, undergoes relatively high daily and hourly 

water level fluctuations. Over the entire data collection period, the daily fluctuation in WSEL ranged from 

0.2 to 6.7 ft (average daily = 3.1 ft). The maximum hourly rate of change in WSEL each day rarely exceeded 

2.0 ft/hr (average = 1.09 ft/hr) and the average hourly rate of change was 0.24 ft/hr.  

Site 4: The Connecticut River in the bypass reach, which is where Rock Dam is located, experienced 

relatively high daily and hourly water level fluctuations during the study period in 2015 compared to other 

sites, more so downstream from Rock Dam than upstream of it. Special bypass flow releases were being 

provided from May, June and early July 2015 for other relicensing studies, which caused atypical water 

level fluctuations in the bypass reach during this period.  Therefore, a low flow period in late July-August 

when minimum flows were in the bypass reach was also evaluated.   

For the entire monitoring period, the average daily range of WSEL was 1.9 ft downstream from Rock Dam 

and 0.9 ft upstream. During the period July 25-August 22, 2015, when bypass flows were stable and Cabot 

Station was operating, the maximum hourly rate of change in WSEL below Rock Dam was 1.91 ft/hr 

(average daily max = 0.97 ft.hr) which is comparable to Site 3 WSEL data below Cabot Station for this 

period. In contrast, upstream from Rock Dam the maximum hourly rate of change in WSEL each day rarely 
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exceeded 1.0 ft/hr (average = 0.55 ft/hr), and the average hourly rate of change was 0.07 ft/hr. Above Rock 

Dam, water levels are typically stable in the absence of spillage at Turners Falls Dam. During a low flow 

period in late July-August when minimum flows were in the bypass reach, the average daily rate of change 

in WSEL above Rock Dam was 0.09 ft/hr. 

Site 5: Barton Cove experiences relatively low hourly water level fluctuations compared to other sites. The 

average daily range of WSEL in Barton Cove was 2.5 ft, and over the entire data collection period ranged 

from 0.6 to 4.5 ft. The maximum hourly change in WSEL at Barton Cove never exceeded 1.0 ft/hr (average 

= 0.56 ft/hr) and the average hourly rate of change was 0.20 ft/hr. 

In terms of understanding potential effects of water level fluctuations, the concern is for those species and 

individuals that remain close to the water’s edge, especially in areas of the river where daily and hourly 

water level fluctuations and rates of change are greatest. Water level fluctuations and rates of change, 

resulting from Project operations, may affect odonate emergence in areas of the Connecticut River closest 

to Cabot Station. State-listed odonate species documented in these areas include Gomphus abbreviatus, 

Gomphus vastus, Neurocordulia yamaskanensis, and Stylurus amnicola. 

Precisely which areas are affected, and to what extent, depend on timing and magnitude of flows through 

Cabot Station, Station No. 1, or spill over the Turners Falls Dam. Spill over the Turners Falls Dam during 

the Odonate emergence period is usually associated with large precipitation events rather than Project 

operations. Flows through Cabot Station affect WSEL both upstream (up to, but not above, Rock Dam) and 

downstream from Cabot Station, but these effects diminish with increasing distance downstream from 

Cabot Station. At Third Island, approximately 5 miles downstream from Cabot Station, neither the 

hourly/daily changes in WSEL or rates of change appeared to have a strong effect on odonate emergence. 

Release of water through Station No. 1 could affect odonate emergence in downstream areas of the bypass 

reach, but specific effects would depend on the timing (time of day or time of year) of such releases. Neither 

hourly/daily changes in WSEL or rate of change in Barton Cove appear to affect odonate emergence.  
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1 INTRODUCTION 

FirstLight Hydro Generating Company (FirstLight) is the current licensee of the Northfield Mountain 

Pumped Storage Project (Northfield Mountain Project, FERC No. 2485) and the Turners Falls 

Hydroelectric Project (Turners Falls Project, FERC No. 1889). FirstLight has initiated with the Federal 

Energy Regulatory Commission (FERC, the Commission) the process of relicensing the Northfield 

Mountain and Turners Falls Projects using the FERC’s Integrated Licensing Process (ILP). The current 

licenses for Northfield Mountain and Turners Falls Projects were issued on May 14, 1968 and May 5, 1980, 

respectively, with both set to expire on April 30, 2018. 

As part of the ILP, FERC conducted a public scoping process during which various resource issues were 

identified. On October 31, 2012, FirstLight filed its Pre-Application Document (PAD) and Notice of Intent 

with the FERC. The PAD included FirstLight’s preliminary list of proposed studies. On December 21, 2012, 

FERC issued Scoping Document 1 (SD1) and preliminarily identified resource issues and concerns. On 

January 30 and 31, 2013, FERC held scoping meetings for the two Projects. FERC issued Scoping 

Document 2 (SD2) on April 15, 2013. 

FirstLight filed its Proposed Study Plan (PSP) on April 15, 2013 and, per the Commission regulations, held 

a PSP meeting at the Northfield Visitors Center on May 14, 2013. Thereafter, FirstLight held ten resource-

specific study plan meetings to allow for more detailed discussions on each PSP and on studies not being 

proposed. On June 28, 2013, FirstLight filed with the Commission an Updated PSP to reflect further 

changes to the PSP based on comments received at the meetings. On or before July 15, 2013, stakeholders 

filed written comments on the Updated PSP. FirstLight filed a Revised Study Plan (RSP) on August 14, 

2013 with FERC addressing stakeholder comments. 

On August 27, 2013 Entergy Corp. announced that the Vermont Yankee Nuclear Power Plant (VY), located 

on the downstream end of the Vernon Impoundment on the Connecticut River and upstream of the two 

Projects, will be closing no later than December 29, 2014. With the closure of VY, certain environmental 

baseline conditions will change during the relicensing study period. On September 13, 2013, FERC issued 

its first Study Plan Determination Letter (SPDL) in which many of the studies were approved or approved 

with FERC modification. However, due to the impending closure of VY, FERC did not act on 19 proposed 

or requested studies pertaining to aquatic resources. The SPDL for these 19 studies was deferred until after 

FERC held a technical meeting with stakeholders on November 25, 2013 regarding any necessary 

adjustments to the proposed and requested study designs and/or schedules due to the impending VY closure. 

FERC issued its second SPDL on the remaining 19 studies on February 21, 2014, approving the RSP for 

Study No. 3.3.10: Assess Operational Impacts on Emergence of State-Listed Odonates in the Connecticut 

River with certain modifications. This report contains the results of this study. 

FERC’s recommended study plan modifications are listed below. These issues were discussed further with 

the Massachusetts Natural Heritage and Endangered Species Program (NHESP) and the United States Fish 

and Wildlife Service (USFWS) in preparation for the field data collection and are addressed throughout this 

report.  

 Emergence Speed- FERC recommended FirstLight record a minimum of 10 observations per species 

or species groups, provided that 10 individuals form each group are encountered during the 

emergence surveys. 

 Quantitative Survey Effort- FERC recommended FirstLight stratify the survey effort for surveys of 

emergence/eclosure behavior to a minimum of six 2-meter transects in each available habitat type 

(natural vegetation, gradual sloping mud/sand banks and rock substrate) in each study reach. 
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 Quantitative Survey Constraints- FERC recommended FirstLight provide precipitation data 

including any justification for conducting or not conducting odonate surveys due to precipitation 

events. 

 Water Level Fluctuation Analysis- FERC recommended FirstLight deploy a water level logger (with 

the capability to record temperature) set to record data at 15-minute intervals, at each of the 

quantitative survey locations to accurately evaluate water levels, standardized field measurements 

and describe temperature in relation to odonate emergence behavior. FERC also recommended that 

FirstLight use the quantitative data collected under Study No. 3.1.2, such as frequency, amplitude 

and speed of boat wakes when evaluating effects on odonate emergence. 

1.1 Study Goals and Objectives 

The study was designed to assess potential effects of Project operations on emerging dragonflies (Insecta: 

Odonata; hereafter called “odonates”) in the Connecticut River. This study had two objectives: 

 Synthesis of existing data, supplemented with field surveys, to characterize the assemblage structure 

and emergence/eclosure behavior of odonates in the Project area. 

 Assess the effects of Project operations, especially water surface elevation (WSEL) changes, on the 

emergence, eclosure, and habitat of state-listed odonate species and the odonate community. 

Two phases of fieldwork were completed. Phase 1, completed in 2014, included qualitative surveys of 

odonate larvae and exuviae at eight sites to determine species assemblage structure and to collect habitat 

data. Key elements of Phase 1 are included in this comprehensive report. The Phase 1 work was summarized 

in an interim report filed with FERC on September 14, 2015, and this report is attached herein as Appendix 

A. Phase 2, completed in 2015, included quantitative surveys, observations of emergence/eclosure behavior, 

and concurrent collection of WSEL and water temperature data to analyze potential effects of Project 

operations on odonates and their habitat. 
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2 STUDY SITES AND METHODS 

2.1 Phase 1: Qualitative Surveys 

2.1.1 Agency Coordination and Permitting 

A study plan and scientific collection permit application were submitted to the Massachusetts Natural 

Heritage and Endangered Species Program (NHESP), and NHESP issued the permit on May 15, 2014. 

2.1.2 Qualitative Study Sites 

FirstLight conducted qualitative surveys of odonate larvae and exuviae at four areas (5 sites) between the 

Turners Falls Dam and the Route 116 Bridge in Sunderland, and one area (3 sites) in the Turners Falls 

Impoundment (TFI) near Barton Cove (Appendix A includes the Phase 1 Interim Report, which includes 

maps and site descriptions). Representative aquatic and shoreline habitats were surveyed in Barton Cove 

and on the other side of Campground Point, totaling approximately 350 meters of shoreline. In the Turners 

Falls Project’s bypass reach, representative aquatic and shoreline habitats were surveyed in a ~500 meter 

reach upstream and downstream from Rock Dam1. Representative aquatic and shoreline habitats were 

surveyed along 400 meters of shoreline in two areas between the Railroad Bridge and Third Island 

(Montague/Deerfield), and along 150 meters of shoreline near the Route 116 Bridge in Sunderland. 

2.1.3 Qualitative Methods 

Surveys were conducted on June 2, 6, 9, and 20 (2014). Barton Cove and the Route 116 Bridge were also 

checked twice in May 2014 to determine if emergence had begun early. However, the spring of 2014 was 

cooler than average, river flows were higher than average, and emergence was not detected until early June. 

Collection methods for larvae included aquatic D-nets and hand picking in the water or on land. Collections 

were made while wading, snorkeling, and while walking along the riverbank. If present, tenerals or exuviae 

were collected on the riverbank. For tenerals or exuviae, biologists recorded the vertical and lateral distance 

from the water’s edge, and the surface that each was collected on. At each site, aquatic, riparian, and upland 

habitat parameters were recorded or photographed (Appendix A): 

 Aquatic Parameters: water depth, water velocity, dominant substrate types, presence and coverage of 

aquatic vegetation and organic material; 

 Riparian/Upland Parameters: bank slope, bank height, bank stability, riparian vegetation, tree canopy 

height and density, land use/land cover. 

2.2 Phase 2: Quantitative Surveys 

2.2.1 Agency Coordination and Permitting 

The Phase 2 study plan was discussed in a meeting with NHESP and United States Fish and Wildlife Service 

(USFWS) on April 28, 2015. Concurrence was reached on survey site locations and numbers of transects, 

and a final sampling plan was sent to NHESP and USFWS on May 12, 2015. A copy of the field sampling 

plan and associated correspondence is contained in Appendix B. A scientific collection permit was issued 

by NHESP for the Phase 2 work on June 18, 2015. 

                                                      
1 Rock Dam is located in the bypass reach. It is a comprised of near vertical bedrock falls. 
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2.2.2 Survey Sites 

FirstLight conducted quantitative surveys at five sites along the Connecticut River (Table 2.2.2-1, Figure 

2.2.2-1).  

 Site 1: Eastern shore near the Route 116 Bridge (Sunderland) 

 Site 2: Massachusetts Division of Fisheries and Wildlife conservation lands on the eastern shore 

upstream from the Sawmill River confluence (Montague) 

 Site 3: Area from bike path bridge to Montague City Road, opposite the Deerfield River confluence 

(Montague) 

 Site 4: Upstream and downstream from the Rock Dam in the bypass reach (Montague) 

 Site 5: Barton Cove (Gill) 

2.2.3 Transect Set-up and Data Collection 

At each site, FirstLight established six transects that were oriented perpendicular to the river and spanned 

the continuum from the water’s edge into the upland terrestrial vegetation. Transects were established to 

provide adequate representation of available habitat types, such as natural vegetation, gradually sloping 

mud/sand, and rock, and of varying bank slopes (i.e., steep versus shallow). Each transect was three meters 

wide, and extended upslope from the water’s edge a minimum of 12 meters (longer in some cases). 

Transects were monumented with rebar. Benchmark elevations were surveyed and geo-referenced with 

GPS, and benchmarked to Project (NGVD29) datum using a Real-Time Kinematic-Global Positioning 

System (RTK-GPS) unit. 

The following habitat data were collected for each transect: GPS locations, estimate of bank slope, types 

and percent cover of each substrate type, substrate embeddedness, presence and percent cover of aquatic 

and upland plants, and other noteworthy features (Table 2.2.3-1). All transects were photo-documented 

(Appendix C). The time of day, weather, water level, and a qualitative assessment of boat traffic were 

recorded at the time of each survey. Boat traffic was extremely light at all sites on all dates, and no 

disturbance from boat wakes was ever observed. Thus, this parameter is not discussed further in this report. 

2.2.4 Quantitative Odonate Surveys 

Surveys for emerging larvae, exuviae, and tenerals were conducted at each transect during 8 sampling 

periods that occurred approximately every two weeks beginning on May 27 and ending on September 2, 

2015, with several additional days in June and July to increase sample sizes for eclosure speed (Table 2.2.2-

1). Surveys were usually done in the first half of the day, with one site per day on consecutive days. In some 

cases, two sites per day were surveyed if work proceeded quickly due to low emergence. For each exuvia 

and teneral, the vertical height above the water’s surface, the distance from the water’s edge, and its eclosure 

structure/substrate were recorded. Each exuvia was collected, stored, labeled with site information and date, 

and identified at the University of Connecticut by Joseph Medwid and his faculty advisor, Dr. David 

Wagner, with additional assistance from their colleague, Dr. Michael Thomas. 

Surveys were generally timed to coincide with fair weather (warm air temperatures, dry and sunny days) 

and flow conditions that are conducive to emergence (average to below-average flows, based on United 

States Geological Survey (USGS) streamflow data at the Montague City gage (01170500). Special bypass 

flow releases were being provided from May through June 2015 for other relicensing studies. Cool rainy 

weather, and frequent high-flow events from late May to early July made it challenging to schedule 

fieldwork and may have also delayed or possibly prevented emergence. Figure 2.2.4-1 shows the daily 

precipitation at Greenfield, MA.  
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2.2.5 Emergence and Eclosure Speed 

Biologists looked for larvae exiting the water or crawling on land, and attempted to track single individuals 

as they crawled upslope and came to rest to begin the eclosure process. The most critical period was the 

time from when larvae began to eclose to when the teneral’s wings hardened and the adult flew away. 

Biologists used a stopwatch to record the duration of this process. Some of these events were recorded using 

time-lapse photography (using a GoPro). For each exuvia (i.e., post-eclosure), the vertical height above the 

water’s surface, the distance from the water’s edge, and its eclosure structure/substrate was recorded.  

Biologists attempted to record emergence/eclosure speed for 20 individuals of each species per site, with a 

focus on uncommon species. However, extremely low rates of emergence and challenging weather 

conditions during what should have been peak emergence period (late May to early July) greatly reduced 

our ability to gather these data. Although observations were supposed to coincide with the quantitative 

exuvia surveys, biologists also spent additional days in June and July trying to gather eclosure speed data 

within and outside of transects. This was done solely in response to low emergence rates and low sample 

sizes within transects. 

2.3 Water Level Fluctuation Impact Assessment 

2.3.1 Water Level Data Collection 

FERCs February 21, 2014 Study Plan Determination Letter recommended that FirstLight deploy a water 

level and temperature logger at each quantitative survey reach to accurately evaluate water levels, 

standardize field measurements, and describe temperature in relation to odonate emergence behavior. As 

stated in the approved RSP, “the field data will be used to determine if water level fluctuations affect the 

emergence and eclosure success of state listed odonates.” Temporary loggers were installed at each site for 

the duration of the quantitative surveys to supplement data from the permanent gages at the Turners Falls 

Dam and the USGS Montague City gage (Table 2.2.2-1, Figure 2.2.2-1). All loggers collected data at 15-

minute intervals.  

Water level data from the site below Rock Dam from May 28 – June 24, 2015 were rejected. A high flow 

event on June 2 caused the water level logger to move to deeper waters outside the instrument range of 

tolerance. A new logger was installed on June 24 once flows receded. Also note that special bypass flow 

releases were being provided during May and June for other relicensing studies.  

2.3.2 Water Level Data Analysis 

For analyses relevant to the odonate study, WSEL data were trimmed to the period from May 15 to 

September 15. For the Rock Dam sites, data collection with temporary loggers ended on September 2, 2015. 

Hourly and daily variability in the WSEL and rates of change were computed at each site compared with 

odonate emergence and eclosure behavior (i.e., crawl height, crawl distance, and crawl speed). 
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Table 2.2.2-1: Survey Sites and Dates for the Phase 2 Quantitative Odonate Surveys in the Connecticut River, 

Including a Description of Dataloggers Used to Collect WSEL and Water Temperature Data at or Near Each 

Site 

Site Location Town Date Surveyed 
WSEL and Temperature Data 

Source 

1 Route 116 Sunderland May 30. June 10, 

20, 25, 30. July 7, 

18, 21. August 5, 

20. Sept 1. 

Temporary datalogger installed 

near the Route 116 Bridge. WSEL 

and temperature recorded at 15-

minute intervals. 

2 MADFW 

conservation lands 

upstream from the 

Sawmill River 

confluence 

Montague May 30. June 11, 

23. July 6, 14, 21. 

August 4, 20. Sept 

1. 

Temporary datalogger installed 

near Third Island. WSEL and 

temperature recorded at 15-minute 

intervals. 

3 Poplar Street 

boating access area 

across from 

Deerfield River 

confluence 

Montague May 29. June 12, 

22. July 9, 17, 20. 

August 3, 19, 31 

Temporary datalogger installed 

near the bike path bridge, which 

provided river temperature data and 

a backup data source for WSEL. 

Analyses used WSEL data from the 

USGS Montague City streamgage. 

4 Rock Dam in the 

bypass reach; 2 

transects upstream 

and 4 downstream 

from the Rock Dam 

Montague May 29. June 11, 

22. July 9, 17, 20, 

August 3, 19, 31. 

Temporary dataloggers (2) installed 

upstream and downstream from the 

Rock Dam, providing WSEL and 

temperature data. Equipment issues 

caused data loss from site below 

Rock Dam for part of May and 

June. Loggers retrieved on 

September 2. 

5 Barton Cove Gill May 27. June 8, 19. 

July 2, 8, 25. 

August 5, 18. Sept 

2. 

WSEL data from FirstLight’s 

permanent gage at the Turners Falls 

Dam. Water temperature from a 

datalogger installed at the boat 

barrier (Site 7 of the Water Quality 

Study). 

Note: The site numbers above were ordered from downstream to upstream. These numbers are different 

(reversed) than those reported in the Updated Study Report Summary. 
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Table 2.2.3-1: Summary of Habitat Parameters Recorded at Each Transect Sampled During the Phase 2 Quantitative Odonate Surveys 

Site Trans Latitude Longitude Slope* Embed** 
Emergence/Eclosure Habitat Types*** 

Silt Sand Grav LRock Root CWood Detr Emerg Moss Herb Shrub TreeTr 

1 

1 42.46716 -72.58354 2 10 95 0 0 5 0 0 0 0 0 10 60 P 

2 42.46734 -72.58342 3 10 85 0 0 15 0 0 0 0 T (2) 5 5 P 

3 42.46756 -72.58334 2 0 40 0 40 20 0 0 0 0 0 5 10 P 

4 42.46822 -72.58284 1 0 95 0 0 0 0 5 0 0 0 60 5 0 

5 42.46952 -72.58181 1 0 100 0 0 0 0 0 0 0 5 30 15 P 

6 42.46975 -72.58160 1 30 75 0 0 25 0 0 0 0 10 35 5 P 

2 

1 42.53894 -72.56413 2 0 60 0 15 5 20 0 0 0 10 10 5 P 

2 42.53898 -72.56411 2 0 70 0 15 5 10 0 0 0 10 10 0 0 

3 42.53903 -72.56407 2 0 50 0 30 10 10 0 0 0 10 10 0 0 

4 42.53907 -72.56402 2 0 65 0 15 5 15 0 0 0 10 5 0 P 

5 42.53916 -72.56393 2 0 80 0 10 0 5 5 0 0 10 30 5 0 

6 42.53953 -72.56365 2 0 80 0 5 0 15 0 0 0 10 30 15 P 

3 

1 42.58020 -72.57455 2 0 90 0 0 5 5 0 0 0 T (2) 50 15 P 

2 42.58018 -72.57471 3 0 20 0 5 75 0 0 0 0 0 5 T (2) P 

3 42.58021 -72.57484 2 0 85 0 0 5 10 0 0 0 10 20 T (2) P 

4 42.57983 -72.57603 2 0 85 0 0 0 10 5 0 0 5 40 30 P 

5 42.57974 -72.57624 2 0 60 10 0 0 25 5 0 0 T (2) 10 15 P 

6 42.57958 -72.57699 1 0 95 0 0 0 0 5 0 0 0 30 15 0 

4 

1 42.59332 -72.58211 1 0 60 40 0 0 0 0 0 0 0 30 5 P 

2 42.59370 -72.58189 1 0 70 25 0 0 0 5 0 0 5 30 5 P 

3 42.59497 -72.57996 1 0 20 0 20 60 0 0 0 0 5 20 5 P 

4 42.59499 -72.57924 1 0 50 30 20 0 0 0 0 0 T (2) 20 5 P 

5 42.59515 -72.57871 1 0 80 0 0 10 10 0 0 0 15 20 10 P 

6 42.59543 -72.57861 3 0 0 0 0 95 5 0 0 0 35 T (2) T (2) P 

5 

1 42.60600 -72.53146 1 0 50 30 0 0 0 10 10 60 0 0 20 0 

2 42.60591 -72.53139 1 0 60 25 0 0 0 5 10 80 0 0 20 0 

3 42.60512 -72.53125 2 0 50 0 10 30 0 0 10 0 5 25 20 0 

4 42.60408 -72.53344 3 60 50 0 5 35 0 10 60 0 10 15 T (2) P 

5 42.60401 -72.53371 3 0 40 0 10 50 0 0 0 0 25 10 10 P 

6 42.60363 -72.53384 2 0 5 0 5 90 0 0 0 0 0 5 5 0 

*Slope = 1: Shallow gradient, 2: Moderate gradient, 3: Steep gradient. Gradient always variable along the length of each transect. 

** Embed = percent embeddedness of coarse rock, in 10 percent intervals from 0 (completely unembedded) to 100 (complete embedded). Not applicable if coarse 

rock not present. 

***Substrate Abbreviations: Grav = gravel, LRock = large rock, Root = generally, roots of large woody vegetation, CWood = coarse wood (logs, limbs, etc.), Detr = 

detritus (leaf litter, etc.), Emerg = emergent aquatic vegetation, such as Typha sp., TreeTr = Tree trunks 

T = trace 
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Figure 2.2.4-1: Daily Precipitation at Greenfield, MA from May – September, 2015 
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3 RESULTS 

3.1 Phase 1 Qualitative Survey 

3.1.1 Species Assemblage 

The genera and species collected in 2014 are listed in Table 3.1.1-1 (see Appendix A for site locations and 

descriptions). Epitheca princeps, a species common in lentic habitats, was the most common species 

collected at Sites 1-3. These sites, located in the lowermost portion of the TFI (Barton Cove), contain mostly 

lentic habitat with submerged and emergent vegetation. Sites 4-8 were generally more lotic; dominant taxa 

in these samples included Gomphus vastus, Ophiogomphus rupinsulensis, Neurocordulia yamaskanensis, 

Boyeria vinosa, and Macromia illinoiensis. There was very little variation in the odonate assemblage among 

sites 4-8. 

3.1.2 Emergence and Eclosure 

In 2014, approximately 250 exuviae were collected across the eight survey sites. Exuviae were found 

primarily on terrestrial herbaceous vegetation, soil, trees, coarse fallen wood, and rock (Table 3.1.2-1). At 

Sites 1 and 3, they were also found on emergent aquatic vegetation, an emergence substrate that was 

typically absent at other sites. They were found as high as nine feet above the water’s surface (mean = 4.4 

ft) and as far as 42 feet from the edge of the water (mean = 12.7 ft). 

3.2 Phase 2 Quantitative Survey 

3.2.1 Species Assemblage 

A total of 622 individuals representing 16 species were collected during the 2015 season (Table 3.2.1-1). 

Dominant species included Gomphus vastus (219; 35.2% of total), Boyeria vinosa (78; 12.5% of total), 

Epitheca princeps (102; 16.4% of total), and Stylurus spiniceps (62; 10.0% of total). Of these, Epitheca 

princeps was found almost exclusively in the weedy lentic habitats at Site 5 in Barton Cove, along with 

several other species that can tolerate this type of environment (e.g., Perithemis tenera and Libellula sp.). 

Species found most frequently in the riverine environments of Sites 1 to 4 included Gomphus vastus, 

Boyeria vinosa, Stylurus spiniceps, Ophiogomphus rupinsulensis, Neurocordulia yamaskanensis, 

Dromogomphus spinosus, Gomphus abbreviatus, and Macromia illinoiensis.  

Odonates were far less numerous than anticipated at all sites. For example, only 37 specimens were 

collected over the duration of the study at Site 3, with an average of only 0.77 specimens per transect per 

sampling date (6 transects x 8 dates = 48 sampling events per site). Similarly, low numbers of odonates 

were collected at Site 4 (55 specimens, 1.15 specimens per transect per sampling date). Total counts were 

higher and more comparable at Sites 1, 2, and 5, although still lower than exuviae densities that were 

observed in these areas during the 2014 qualitative surveys. Total counts of exuviae and tenerals per transect 

(all sampling periods combined) are plotted on Figure 3.2.1-1 (also see Appendix D for raw data).  

3.2.2 Timing of Emergence 

Emergence was first detected early in the fourth week of May, which prompted quantitative sampling to 

begin on May 26. Summary statistics for exuviae and tenerals (all species combined) and species richness 

for each survey site and sampling period are provided in Table 3.2.2-1, and individual species counts are 

provided in Table 3.2.2-2 (also see Appendix D for further breakdown by transect). Counts were low for 

all species during the first round of sampling, reached a peak during the second round, then dropped and 

remained consistent for the next four rounds before diminishing to very low numbers during the final two 

rounds (Figure 3.2.2-1). 
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3.2.3 Crawl Distances and Heights 

Data were collected for 622 individuals and 16 species, with sample sizes per species ranging from 1 to 219 

(Table 3.2.3-1, Appendix E). For all species combined, larvae crawled an average distance of 12.4 ft from 

the edge of the water and a vertical height of 5.0 ft from the water’s surface. There was considerable 

variation within and among species, as shown on the scatterplot (Figure 3.2.3-1) and box plots for crawl 

heights and distances (Figures 3.2.3-2 and 3.2.3-3). Some of the variation is due to low sample sizes, and 

two species (Basiaeschna janata and Cordulegaster maculata) are not included in Figures 3.2.3-2 or 3.2.3-

3 because sample sizes were too low.  

The more lentic species collected at Site 5 (i.e., Perithemis tenera, Libellula sp. Epitheca princeps), which 

tend to emerge on aquatic vegetation, crawled shorter vertical distances from the water’s surface than the 

riverine species that were more prevalent at Sites 1 to 4. Among the riverine species, crawl height was 

greatest for Macromia illinoiensis, Gomphus abbreviatus, Gomphus vastus, and Neurocordulia 

yamaskanensis; each of these species crawled an average vertical distance of near or above 7 ft. Riverine 

species that crawled the shortest average vertical distances from the water’s surface included Stylurus 

amnicola (3.2 ft), Ophiogomphus rupinsulensis (3.3 ft), and Stylurus spiniceps (4.5 ft). One Stylurus 

spiniceps exuvia was collected 22.5 ft above the water’s surface, which is the greatest ascent recorded 

during the study. 

Boyeria vinosa crawled the longest distances from the edge of the water, at 17.2 ft, and one individual had 

crawled 58.9 ft before stopping to eclose. Average crawl distance was usually between 10 and 15 ft for 

most species, with maximum distances often 3-4 times greater than the average. Shortest crawl distance 

was for Perithemis tenera (a lentic species that prefers to emerge on aquatic vegetation) and Stylurus 

amnicola. Considering crawl height and crawl distance together, the riverine species that tended to eclose 

closest to the water were Stylurus amnicola and Ophiogomphus rupinsulensis. 

3.2.4 Substrate Selection 

Eclosure substrate preferences are shown on Table 3.2.3-1 (see also Appendix E). Preferences are expressed 

as a percentage. In several cases, multiple substrate types were recorded for single exuviae (e.g., on detritus, 

among rocks). Percent preference was computed by dividing the number of observations for each substrate 

type per species by the total number of substrate observations for each species. In general, species eclosed 

on a wide variety of surfaces that were available to them. At Site 5, this included large amounts of emergent 

aquatic vegetation, detritus, rock, trees, and roots. At Sites 1 to 4, emergent aquatic vegetation was absent 

and species eclosed on bare sediment (from silt to coarse rock), ground-level cover such as moss, roots, and 

detritus, and on vertical surfaces such as stems of herbaceous plants, vines, trees, and vertical rock faces. 

3.2.5 Emergence and Eclosure Speed 

Due to low and erratic emergence, especially during what should have been the peak emergence period 

from late May to early July, we obtained little data on emergence and eclosure speed. Other challenges to 

documenting emergence and eclosure timing included larvae that often returned to the water rather than 

stopping to eclose, larvae that remained under rocks without even starting to eclose, larvae that remained 

motionless on the edge of the water without coming onto land, attacks by ants during the eclosure process, 

and heavy predation by birds. 

The average elapsed time from when a larva stopped to when it completed metamorphosis was 36 minutes 

(range: 9 to 81 minutes) (Table 3.2.5-1). The average time elapsed from completion of metamorphosis to 

flight (i.e., the time it takes for the wings to unfurl and harden to the point where the adult can fly away) 

was 47 minutes and ranged from 7 to 235 minutes. The 235-minute observation appears to be an anomaly; 

without that value, the average was 38 minutes and the range was from 7 to 96 minutes. Together, these 

two time periods comprise the critical time period from when a larva stops to eclose to when it flies away. 
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We successfully observed nine specimens complete the entire critical time period, representing four riverine 

species (Ophiogomphus rupinsulensis (1), Dromogomphus spinosus (2), Stylurus amnicola (2), and 

Stylurus spiniceps (3), and one unidentified individual. The average duration was 70 minutes and ranged 

from 54 to 123 minutes.  

3.3 Water Surface Elevation Analysis  

Figure 3.3-1 shows relatively low water for the first two weeks of the data collection period, then rapid 

increases in the beginning of June in response to heavy rainfall, high and erratic flows throughout all of 

June before the hydrograph finally settled to near-normal after the first week of July and remained low 

throughout most of July, August, and early September. Cool water temperatures (also plotted on Figure 

3.3-1) and persistent cloudy/rainy weather accompanied the high flows of June and early July, together 

creating exceptionally poor emergence conditions for dragonflies.  

For the period from May 15 to September 15 (minus missing data from below Rock Dam), key summary 

statistics for WSEL, daily rates of change in WSEL, and maximum rates of change in WSEL are provided 

in Table 3.3-1. Average daily rates of change in WSEL are low across all sites, typically less than 0.3 ft/hr 

(Figure 3.3-2, Table 3.3-1). The highest computed average hourly rates of change varied among sites, 

ranging from 0.33 ft/hr at the Route 116 Bridge to 0.59 ft/hr upstream from the Rock Dam. The maximum 

rates of change each day were more variable (Table 3.3-1, Figure 3.3-2). WSELs and the daily mean and 

daily maximum rates of change are plotted separately for each site (Figures 3.3-3 to 3.3-8). Monthly WSEL 

charts for each site are provided in Appendix F. Overall, water level rates of change are lowest for Barton 

Cove, Third Island, and the Route 116 Bridge, and highest for the site below Rock Dam in the bypass reach 

and at the Montague gage (excluding the anomalous maximum at the site above Rock Dam, explained 

below).   

During May and June 2015, FirstLight was providing coordinated flow releases in the bypass reach in 

support of other relicensing studies; therefore, the frequency and magnitude of water level fluctuations in 

the bypass reach during this period were atypical of bypass flow conditions. Other relicensing studies were 

also in progress during the summer. Therefore, WSEL data from a period from July 25- August 22, 2015 

were evaluated to better understand WSEL changes when only Cabot Station was running, as opposed to 

WSEL changes during periods of controlled and uncontrolled spillage from the Turners Falls Dam. Data 

from this period are summarized in Table 3.3-2.  Data from this period show the maximum rates of change 

at the Montague gage and below Rock Dam are still similar, but lower by 0.6-0.7 ft/hr compared to the full 

period.  The biggest difference is apparent at the site above Rock Dam.  WSELs were fairly constant at this 

site during the low flow period (max rate of change = 1.32 ft/hr).   

These results are used in the analysis of potential effects of Project operations below.   
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Table 3.1.1-1: List of Odonate Species Collected in the Project Area during Phase 1 (2014) Qualitative Surveys and Phase 2 (2015) Quantitative Surveys 

Species Abbreviation Status 
2014 Phase 1 Survey Site 2015 Phase 2 Survey Site 

1 2 3 4 5 6 7 8 1 2 3 4 5 

Arigomphus furcifer ArFu   X            

Basiaeschna janata BaJa              X 

Boyeria vinosa BoVi  X   X X X X X X X X X  

Cordulegaster maculata CoMa             X  

Dromogomphus spinosus DrSp          X X X X X 

Epitheca princeps EpPr  X X X X X       X X 

Gomphus abbreviates GoAb Special 

Concern 

   X X X X X X X  X  

Gomphus vastus GoVa Special 

Concern 

   X X X X X X X X X  

Gomphus ventricosus GoVe Threatened     X         

Hagenius brevistylus HaBr          X X X   

Libellula sp. Lisp              X 

Libellulinae (unidentified) Li              X 

Macromia illinoiensis MaIl  X X X X X X X X X X X X X 

Neurocordulia yamaskanensis NeYa Special 

Concern 

X X X X X X X X X X X X X 

Ophiogomophus rupinsulensis OpRu     X X X X X X X    

Perithemis tenera PeTe     X X X X X     X 

Stylurus amnicola StAm Endangered         X X X   

Stylurus spiniceps StSp     X     X X X X  

Species abbreviations are used in subsequent tables and graphs in this report. 

Phase 1 surveys sites are listed below. Also see Appendix A for maps and additional descriptions of Phase 1 survey sites: 

Sites 1 – 3: Barton Cove 

Site 4: Bypass Reach above and below Rock Dam 

Site 5: Downstream from Railroad Bridge 

Site 6: Between Railroad Bridge and Third Island  

Site 7: Upstream from Third Island  

Site 8: Route 116 Bridge, Boat Ramp  
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Table 3.1.2-1: Summary Statistics for Crawl Height, Crawl Distance, and Eclosure Substrate for Exuviae 

Collected During Phase 1 (2014) Qualitative Sampling 

Parameter 
2014 Qualitative Survey Site* 

Total 
1 3 4 5** 6 7 8 

Sample Size 28 - 37 53 50 79 - 247 

Vertical Height from Waters Surface (ft) 

Mean 1.5 - 4.1 5.1 5.4 4.1 - 4.4 

Minimum 0.5 0.0 0.3 0.5 1.5 2.0 4.0 0 

Maximum 3.0 3.0 7.0 9.0 8.5 8.0 8.0 9 

Lateral Distance from Waters Edge (ft) 

Mean 14.0 - 13.8 17.8 5.8 7.9 - 12.7 

Minimum 0.0 0.0 2.0 0.0 0.0 5.5 10.0 0 

Maximum 15.0 3.0 23.0 42.0 8.0 20.0 25.0 42 

Eclosure Substrate 

Aquatic Emergent 

Vegetation 

25 X 0 0 0 0 0 25 

Terrestrial 

Herbaceous 

Vegetation 

0 0 23 10 18 48 X 99 

Tree 0 0 4 33 0 3 X 40 

Coarse Fallen Wood 3 X 3 2 1 2 X 11 

Soil 0 0 6 7 31 25 X 69 

Rock 0 0 1 1 0 1 X 3 

*These data were not collected at Site 2. Ranges and cursory descriptions were recorded at Site 3 and Site 8, thus 

sample size and means were not calculated. 

**At least 200 more exuviae found at Site 5. Mostly 2-8 ft above water's surface and 4-7 ft from water’s edge. 

Found mostly on low herbaceous vegetation and trees. 
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Table 3.2.1-1: Species Counts at Each Survey Site in the Phase 2 (2015) Quantitative Sampling and the 

Relative Abundances of Each Species 

Species 
Abbrevia-

tion 

2015 Phase 2 Survey Site Phase 2 

Total 

Percent of 

Total 1 2 3 4 5 

Arigomphus furcifer ArFu 0 0 0 0 0 0 0.0 

Basiaeschna janata BaJa 0 0 0 0 2 2 0.3 

Boyeria vinosa BoVi 58 3 11 6 0 78 12.5 

Cordulegaster maculata CoMa 0 0 0 1 0 1 0.2 

Dromogomphus spinosus DrSp 3 10 1 2 2 18 2.9 

Epitheca princeps EpPr 0 0 0 1 101 102 16.4 

Gomphus abbreviatus GoAb 2 4 0 14 0 20 3.2 

Gomphus vastus GoVa 70 129 2 18 0 219 35.2 

Gomphus ventricosus GoVe 0 0 0 0 0 0 0.0 

Hagenius brevistylus HaBr 2 1 1 0 0 4 0.6 

Libellula sp. Lisp 0 0 0 0 6 6 1.0 

Libellulinae (unidentified) Li 0 0 0 0 12 12 1.9 

Macromia illinoiensis MaIl 3 2 6 2 1 14 2.3 

Neurocordulia 

yamaskanensis 
NeYa 3 8 4 6 2 23 3.7 

Ophiogomphus 

rupinsulensis 
OpRu 5 20 0 0 0 25 4.0 

Perithemis tenera PeTe 0 0 0 0 27 27 4.3 

Stylurus amnicola StAm 3 1 5 0 0 9 1.4 

Stylurus spiniceps StSp 23 25 9 5 0 62 10.0 

Totals 172 203 39 55 153 622 100% 
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Table 3.2.2-1: Counts and Summary Statistics for Exuviae (all Species Combined) and Species Richness at each Survey by Sampling Period and by 

Transect, for the Phase 2 (2015) Quantitative Sampling 

Parameter 

Number of Individuals Number of Species 

Survey Site  Survey Site  

1 2 3 4 5 Total 1 2 3 4 5 Total 

Sampling Period               

1 5 19 0 10 30 64 2 2 0 2 2 5 

2 36 122 3 17 15 193 2 4 2 3 4 7 

3 35 15 7 4 24 85 4 3 4 4 3 9 

4 27 11 7 7 34 86 8 5 4 4 6 12 

5 24 26 8 9 11 78 4 5 4 5 4 11 

6 35 9 10 6 24 84 2 3 4 3 3 9 

7 7 0 4 1 15 27 3 0 2 1 3 6 

8 3 1 0 1 0 5 1 1 0 1 0 2 

Total 172 203 39 55 153 622 10 10 8 9 8 16 

Average 21.5 25.4 4.9 6.9 19.1 77.8 3.3 2.9 2.5 2.9 3.1 7.6 

SD 14.32 40.00 3.72 5.28 11.04 55.42 2.19 1.81 1.77 1.46 1.73 3.29 

Minimum 3 0 0 1 0 5 1 0 0 1 0 2 

Maximum 36 122 10 17 34 193 8 5 4 5 6 12 

Transect 1 2 3 4 5  1 2 3 4 5  

1 28 40 5 6 12  6 5 3 3 2  

2 20 23 15 6 20  3 7 5 4 4  

3 25 18 7 3 82  4 6 4 2 5  

4 23 34 6 6 12  8 7 5 3 3  

5 48 51 1 13 17  6 5 1 4 4  

6 22 37 3 21 4   6 6 3 6 2   

Total 166 203 37 55 147  10 10 8 9 8  

Average 27.7 33.8 6.2 9.2 24.5  5.5 6.0 3.5 3.7 3.3  

SD 10.33 11.92 4.83 6.68 28.69  1.76 0.89 1.52 1.37 1.21  

Minimum 20 18 1 3 4  3 5 1 2 2  

Maximum 48 51 15 21 82   8 7 5 6 5   

Species counts are shown in Table 3.2.2-2 and Appendix D. 
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Table 3.2.2-2: Species Counts at Each Site and for Each Sampling Period for the Phase 2 (2015) Quantitative Sampling 

  Species 

Site Period BaJa BoVi CoMa DrSp EpPr GoAb GoVa HaBr Lisp Li MaIl NeYa OpRu PeTe StAm StSp Total # Species 

1 1 0 0 0 0 0 2 0 0 0 0 0 0 3 0 0 0 5 2 

1 2 0 0 0 0 0 0 34 0 0 0 0 0 2 0 0 0 36 2 

1 3 0 2 0 0 0 0 30 1 0 0 0 2 0 0 0 0 35 4 

1 4 0 12 0 3 0 0 5 1 0 0 1 1 0 0 3 1 27 8 

1 5 0 11 0 0 0 0 1 0 0 0 1 0 0 0 0 11 24 4 

1 6 0 25 0 0 0 0 0 0 0 0 0 0 0 0 0 10 35 2 

1 7 0 5 0 0 0 0 0 0 0 0 1 0 0 0 0 1 7 3 

1 8 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 1 

1 ALL 0 58 0 3 0 2 70 2 0 0 3 3 5 0 3 23 172 10 

2 1 0 0 0 0 0 3 0 0 0 0 0 0 16 0 0 0 19 2 

2 2 0 0 0 0 0 1 111 0 0 0 0 6 4 0 0 0 122 4 

2 3 0 0 0 2 0 0 11 0 0 0 0 2 0 0 0 0 15 3 

2 4 0 0 0 4 0 0 3 1 0 0 0 0 0 0 1 2 11 5 

2 5 0 2 0 4 0 0 1 0 0 0 1 0 0 0 0 18 26 5 

2 6 0 1 0 0 0 0 3 0 0 0 0 0 0 0 0 5 9 3 

2 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

2 8 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 1 

2 ALL 0 3 0 10 0 4 129 1 0 0 2 8 20 0 1 25 203 10 

3 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

3 2 0 0 0 0 0 0 1 0 0 0 0 2 0 0 0 0 3 2 

3 3 0 0 0 0 0 0 1 1 0 0 4 1 0 0 0 0 7 4 

3 4 0 3 0 0 0 0 0 0 0 0 0 1 0 0 2 1 7 4 

3 5 0 1 0 1 0 0 0 0 0 0 0 0 0 0 2 4 8 4 

3 6 0 4 0 0 0 0 0 0 0 0 2 0 0 0 1 3 10 4 

3 7 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 1 4 2 

3 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

3 ALL 0 11 0 1 0 0 2 1 0 0 6 4 0 0 5 9 39 8 

4 1 0 0 1 0 0 9 0 0 0 0 0 0 0 0 0 0 10 2 

4 2 0 0 0 0 0 4 12 0 0 0 0 1 0 0 0 0 17 3 

4 3 0 0 0 0 1 1 1 0 0 0 0 1 0 0 0 0 4 4 

4 4 0 1 0 1 0 0 4 0 0 0 0 1 0 0 0 0 7 4 

4 5 0 2 0 0 0 0 1 0 0 0 2 3 0 0 0 1 9 5 

4 6 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 4 6 3 

4 7 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 

4 8 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 

4 ALL 0 6 1 2 1 14 18 0 0 0 2 6 0 0 0 5 55 9 

5 1 1 0 0 0 29 0 0 0 0 0 0 0 0 0 0 0 30 2 

5 2 1 0 0 0 12 0 0 0 0 0 1 1 0 0 0 0 15 4 

5 3 0 0 0 1 22 0 0 0 0 0 0 0 0 1 0 0 24 3 

5 4 0 0 0 1 17 0 0 0 2 6 0 1 0 7 0 0 34 6 

5 5 0 0 0 0 3 0 0 0 2 1 0 0 0 5 0 0 11 4 

5 6 0 0 0 0 9 0 0 0 0 5 0 0 0 10 0 0 24 3 

5 7 0 0 0 0 9 0 0 0 2 0 0 0 0 4 0 0 15 3 

5 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

5 ALL 2 0 0 2 101 0 0 0 6 12 1 2 0 27 0 0 153 8 

ALL 1 1 0 1 0 29 14 0 0 0 0 0 0 19 0 0 0 64 5 

ALL 2 1 0 0 0 12 5 158 0 0 0 1 10 6 0 0 0 193 7 

ALL 3 0 2 0 3 23 1 43 2 0 0 4 6 0 1 0 0 85 9 

ALL 4 0 16 0 9 17 0 12 2 2 6 1 4 0 7 6 4 86 12 

ALL 5 0 16 0 5 3 0 3 0 2 1 4 3 0 5 2 34 78 11 

ALL 6 0 31 0 1 9 0 3 0 0 5 2 0 0 10 1 22 84 9 

ALL 7 0 9 0 0 9 0 0 0 2 0 1 0 0 4 0 2 27 6 

ALL 8 0 4 0 0 0 0 0 0 0 0 1 0 0 0 0 0 5 2 

ALL ALL 2 78 1 18 102 20 219 4 6 12 14 23 25 27 9 62 622 16 

Species are abbreviated as in Table 3.1.1-1. Appendix D shows species counts by sampling period and transect. 
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Table 3.2.3-1: Summary Statistics for Crawl Height, Crawl Distance, and Eclosure Substrate for Exuviae Collected During Phase 2 (2015) Sampling 

Species 

Parameter BaJa BoVi CoMa DrSp EpPr GoAb GoVa HaBr Lisp Li MaIl NeYa OpRu PeTe StAm StSp 

Sample Size 2 78 1 18 102 20 219 4 6 12 14 23 25 27 9 62 

Crawl Height (ft) 

Average 6.5 5.9 5.0 5.4 4.2 7.1 6.9 5.7 3.5 3.0 7.1 6.6 3.3 2.5 3.2 4.5 

StDev 1.27 2.88 - 4.64 2.17 2.69 3.47 4.53 2.02 1.39 4.88 4.66 2.45 1.31 2.52 3.87 

Minimum 5.6 0.3 5.0 0.1 0.6 3.0 0.0 0.1 0.5 1.4 0.2 0.2 0.4 0.3 0.0 0.0 

25th Percentile 6.1 4.2 5.0 2.0 2.4 5.2 4.3 3.3 2.5 2.3 3.4 3.3 1.2 1.9 1.0 2.1 

Median 6.5 5.5 5.0 3.7 4.0 7.1 6.8 5.9 3.6 2.8 7.0 5.6 3.5 2.4 2.5 3.8 

75th Percentile 7.0 7.4 5.0 10.1 5.8 8.6 9.4 8.2 5.1 3.2 10.4 9.3 4.3 2.8 5.1 5.9 

Maximum 7.4 14.5 5.0 13.3 10.0 13.8 15.1 10.8 5.9 6.6 17.5 17.5 11.5 6.5 7.2 22.2 

Crawl Distance (ft) 

Average 13.6 17.2 10.2 11.5 12.4 12.8 12.7 15.5 13.1 9.9 16.5 13.2 10.2 7.7 7.4 14.6 

StDev 0.23 9.86 - 7.52 7.62 10.98 8.33 10.05 3.13 7.17 13.23 10.52 6.95 5.17 7.00 11.79 

Minimum 13.5 1.5 10.2 0.3 0.3 1.0 0.2 0.5 9.2 3.6 1.3 0.7 0.0 1.3 0.0 0.0 

25th Percentile 13.5 11.5 10.2 5.4 7.9 3.4 7.1 15.1 11.6 4.3 5.8 4.5 5.2 3.6 1.1 3.9 

Median 13.6 16.2 10.2 10.7 11.6 8.3 11.2 20.2 12.7 7.6 13.0 12.1 8.5 6.7 4.4 12.9 

75th Percentile 13.7 22.3 10.2 16.4 13.1 23.0 16.7 20.6 14.1 12.8 25.0 20.3 13.5 11.3 12.8 22.8 

Maximum 13.8 58.9 10.2 24.6 39.4 33.1 37.1 21.3 18.4 24.9 43.3 37.1 28.5 20.0 18.7 58.1 

Eclosure Substrate (Percent Preference)* 

Silt 0.00 0.30 0.00 0.43 0.05 0.50 0.53 1.00 0.00 0.06 0.44 0.20 0.54 0.00 0.60 0.54 

Sand 0.00 0.02 0.00 0.00 0.01 0.09 0.00 0.00 0.17 0.00 0.06 0.00 0.00 0.00 0.00 0.01 

Grav 0.00 0.03 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.25 0.03 0.00 0.03 

LRock 0.00 0.05 0.00 0.10 0.11 0.14 0.01 0.00 0.00 0.00 0.13 0.20 0.00 0.26 0.00 0.01 

Root 0.50 0.16 0.00 0.29 0.05 0.05 0.21 0.00 0.00 0.00 0.00 0.04 0.04 0.03 0.30 0.30 

CWood 0.00 0.08 0.00 0.00 0.04 0.05 0.00 0.00 0.00 0.06 0.00 0.04 0.04 0.03 0.00 0.00 

Tree 0.00 0.18 1.00 0.00 0.02 0.18 0.17 0.00 0.00 0.00 0.00 0.28 0.04 0.03 0.00 0.01 

Herb 0.50 0.16 0.00 0.14 0.42 0.00 0.05 0.00 0.50 0.18 0.25 0.20 0.04 0.14 0.10 0.10 

AqHerb 0.00 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.17 0.47 0.00 0.00 0.00 0.14 0.00 0.00 

Leaf 0.00 0.01 0.00 0.05 0.07 0.00 0.02 0.00 0.17 0.00 0.00 0.04 0.04 0.06 0.00 0.00 

Detr 0.00 0.00 0.00 0.00 0.11 0.00 0.00 0.00 0.00 0.24 0.06 0.00 0.00 0.29 0.00 0.00 

*Abbreviations: Grav = gravel, LRock = large rock, CWood = coarse woody material, AqHerb = emergent aquatic vegetation, Detr = detritus 

Species are abbreviated as in Table 3.1.1-1 
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Table 3.2.5-1: Eclosure Speed Collected in 2015, Including Crawl Height, Crawl Distance, and Eclosure Substrate Associated with Each Individual 

Site* Date Species** 

Key Times 
Crawl 

Height 

(ft) 

Crawl 

Distance 

(ft) 

Emergence and Eclosure Substrate*** 

Notes Larva 

Observed 

1. Start 

of 

Eclosure 

2. End 

of 

Eclosure 

3. 

Adult 

Flight 

Time 

1 to 2 

Time 

2 to 3 

Time 

1 to 3 
Silt Sand Grav LRock Root CWood Tree Herb AqHerb 

4-5 5/29/2015 GoAb - - 12:12 12:58 - 0:46 - 5.1 1.0        X     

2-6 5/30/2015 OpRu 11:17 11:17 12:09 12:30 0:52 0:21 1:13 3.3 12.1       X      

2-4 5/30/2015 OpRu - - 11:55 12:02 - 0:07 - 5.4 20.7 X           

2-4 5/30/2015 OpRu - - 12:00 12:11 - 0:11 - 3.3 8.5    X         

2-4 5/30/2015 OpRu - - 12:01 12:10 - 0:09 - 3.5 11.5 X           

2-4 5/30/2015 OpRu - - 12:02 12:11 - 0:09 - 4.0 13.5 X           

2-3 5/30/2015 OpRu 12:34 - 12:35 1:10 - 0:35 - 3.7 16.7         X    

2-3 5/30/2015 OpRu 12:38 - 12:38 1:03 - 0:35 - 4.7 28.5        X     

5-5 6/19/2015 DrSp - - 10:48 11:45 - 0:57 - 2.7 8.7      X       

2-6 6/23/2015 DrSp 10:51 1:08 1:37 2:12 0:29 0:35 1:04 4.1 11.2        X    Recorded with GoPro 

1-Q 6/25/2015 BoVi 12:54 4:40 - - - - - 2.0 4.8 X          Died 

1-Q 6/30/2015 BoVi 10:18 - 10:18 11:46 - 1:28 - 2.3 5.2         X    

5-Q 7/2/2015 DrSp 12:52 1:00 2:17 3:03 1:17 0:46 2:03 0.4 0.3       X      

5-Q 7/2/2015 Li 9:36 - 9:36 11:12 - 1:36 - 6.6 4.3         X    

5-Q 7/2/2015 Lisp 10:27 - 10:27 11:19 - 0:52 - 0.7 11.5   X          

5-Q 7/2/2015 PeTe 9:20 - 9:20 9:35 - 0:15 - 4.6 5.2        X    Caught in a spider web 

5-Q 7/2/2015 PeTe 9:55 9:55 NA - - - - 2.5 3.3          X Did not emerge fully 

5-Q 7/2/2015 PeTe 9:57 - 9:57 NA - - - 2.8 3.6          X Deformed wings, never flew 

1-4 7/7/2015 StAm 10:58 11:54 12:18 12:48 0:24 0:30 0:54 1.0 18.7 X           

3-Q 7/9/2015 - 2:21 2:21 2:30 3:24 0:09 0:54 1:03 1.8 1.0      X       

3-Q 7/9/2015 StAm 1:08 - 1:08 5:03 - 3:55 - 2.5 1.1      X       

3-Q 7/9/2015 StAm 2:10 2:10 2:19 3:14 0:09 0:55 1:04 2.4 0.7      X       

1-Q 7/18/2015 GoVa 11:53 12:07 1:28 NA 1:21 - - 8.2 30.8        X    Killed by ants at 1:44 

1-Q 7/18/2015 StSp 12:01 3:25 3:55 4:34 0:30 0:39 1:09 4.6 21.7 X       X    

1-Q 7/18/2015 StSp 1:04 3:36 4:02 4:37 0:26 0:35 1:01 5.9 26.9 X           

1-Q 7/18/2015 StSp 1:50 3:42 4:07 4:44 0:25 0:37 1:02 5.3 25.3 X           

1-1 8/5/2015 - 2:04 2:14 - - - - - 3.2 18.4       X           Never eclosed 

            Min 0:09 0:07 0:54                         

      Max 1:21 3:55 2:03             

            Mean 0:36 0:47 1:10                         

*"Q" indicates that the individual was observed during qualitative surveys outside of transects. 

**Species are abbreviated as in Table 3.1.1-1. 

***Substrate abbreviations as in Table 3.2.3-1. 
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Table 3.3-1: Summary Statistics for Water Surface Elevations (WSEL), Average Hourly Rates of Change in 

WSEL, and Maximum Hourly Rates of Change in WSEL, May 15-Spetember 15, 2015 

Statistic 

Location 

Barton 

Cove 

Above Rock 

Dam 

Below Rock 

Dam 

Montague 

Gage 

Third 

Island 

Route 116 

Bridge 

Daily Water Level 

Mean 181.8 118.0 112.5 109.6 106.9 105.2 

StDev 1.00 2.43 2.12 3.00 2.58 2.53 

Minimum 178.2 115.4 110.7 105.4 103.4 101.8 

25th Percentile 181.1 115.6 110.9 107.0 104.7 103.1 

Median 181.8 118.0 111.9 109.3 106.4 104.7 

75th Percentile 182.5 120.3 113.3 111.5 108.4 106.7 

Maximum 184.1 123.9 120.8 118.4 114.9 112.8 

Range 5.9 8.5 10.1 13.0 11.4 11.0 

Average Daily Rate of Change (ft/hr) 

Mean 0.20 0.07 0.15 0.24 0.18 0.15 

StDev 0.06 0.09 0.10 0.11 0.09 0.07 

Minimum 0.05 0.00 0.00 0.02 0.01 0.01 

25th Percentile 0.16 0.01 0.09 0.17 0.13 0.11 

Median 0.19 0.02 0.15 0.24 0.17 0.15 

75th Percentile 0.24 0.11 0.20 0.30 0.24 0.19 

Maximum 0.33 0.59 0.47 0.51 0.47 0.33 

Maximum Hourly Rate of Change Each Day (ft/hr) 

Mean 0.56 0.55 0.99 1.09 0.51 0.41 

StDev 0.13 0.82 0.51 0.45 0.20 0.18 

Lowest Max 0.20 0.02 0.01 0.08 0.04 0.03 

25th Percentile 0.47 0.03 0.72 0.81 0.40 0.32 

Median 0.56 0.09 1.00 1.11 0.51 0.38 

75th Percentile 0.65 0.85 1.32 1.37 0.64 0.48 

Highest Max 0.83 4.27 2.54 2.58 1.12 1.15 
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Table 3.3-2: Average Hourly Rates of Change in WSEL, and Maximum Hourly Rates of Change in WSEL, 

July 25-August 22, 2015 

Statistic 

Location 

Barton 

Cove 

Above Rock 

Dam 

Below Rock 

Dam 

Montague 

Gage 

Third 

Island 

Route 116 

Bridge 

Average Daily Rate of Change (ft/hr) 

Mean 0.23 0.01 0.12 0.26 0.20 0.16 

StDev 0.04 0.02 0.07 0.09 0.09 0.06 

Minimum 0.16 0.01 0.01 0.03 0.02 0.02 

25th Percentile 0.19 0.01 0.07 0.21 0.16 0.14 

Median 0.23 0.01 0.12 0.26 0.20 0.16 

75th Percentile 0.27 0.01 0.17 0.34 0.27 0.20 

Maximum 0.31 0.08 0.24 0.40 0.46 0.25 

Maximum Hourly Rate of Change Each Day (ft/hr) 

Mean 0.62 0.09 0.97 1.21 0.50 0.41 

StDev 0.09 0.24 0.52 0.42 0.18 0.14 

Lowest Max 0.37 0.02 0.02 0.08 0.05 0.06 

25th Percentile 0.56 0.02 0.68 0.94 0.43 0.35 

Median 0.62 0.03 0.99 1.26 0.54 0.39 

75th Percentile 0.69 0.06 1.35 1.52 0.59 0.50 

Highest Max 0.83 1.32 1.91 1.89 0.90 0.74 

See Appendix F for WSEL data for this period. No spill at Turners Falls Dam was occurring and Station No. 1 

was off-line. Cabot Station was generating on a daily cycle.  
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Figure 3.2.1-1: Counts of Odonate Exuviae and Tenerals in each Transect (all Sampling Periods Combined) at each of the Survey Sites 
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Figure 3.2.2-1: Total Counts of Odonate Exuviae and Tenerals for each Sampling Period, for all Transects Combined at each of the Survey Sites 
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Figure 3.2.3-1: Scatterplot of Crawl Distance and Crawl Height for each Odonate Species Observed During Quantitative Sampling 

See Table 3.2.3-1 for Summary Statistics and Figures 3.2.3-2 and 3.2.3-3 for Box Plots, and Table 3.1.1-1 for Species Abbreviations.  
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Figure 3.2.3-2: Box Plots (Displaying Minimum - 25th Percentile - Mean - 75th Percentile - Maximum) for Crawl Height for each Odonate Species 

Observed during Quantitative Sampling 

See Table 3.2.3-1 for Summary Statistics and Table 3.1.1-1 for Species Abbreviations. 
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Figure 3.2.3-3. Box Plots (Displaying Minimum - 25th Percentile - Mean - 75th Percentile - Maximum) for Crawl Distance for each Odonate Species 

Observed during Quantitative Sampling 

See Table 3.2.3-1 for Summary Statistics and Table 3.1.1-1 for Species Abbreviations. 
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Figure 3.3-1: Montague USGS Gage Discharge and River Temperatures at Three Locations Downstream from Cabot Station, April – October 2015 

Data are on a 15-minute time step. USGS gage data are provisional. Note the abrupt transition from the low flows and warm temperatures of May, and the 

high and erratic flows and cooler temperatures that persisted throughout June and early July. 
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Figure 3.3-2: Variability in Water Surface Elevation Changes at Six Locations near the Odonate Sampling 

Sites, for the Period from May 15 to September 15, 2015  

The top chart shows the average hourly rate of change each day, and the bottom chart shows the maximum 

hourly rate of change each day (units for both are ft/hr). These data are also shown for individual sites in Figures 

3.3-3 to 3.3-8. See Table 2.2.2-1 for description and locations of data loggers. 
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Figure 3.3-3: Variability in Daily WSEL (top) and the Rates of Change in Daily WSEL (bottom) near the 

Route 116 Bridge, Corresponding with Odonate Survey Site 1 (May 15 to September 15, 2015)  

The top chart shows the daily mean WSEL with tails representing the daily minima and maxima. The bottom 

chart shows the mean and maximum rate of change each day. 

  



Northfield Mountain Pumped Storage Project (No. 2485) and Turners Falls Hydroelectric Project (No. 1889) 

ASSESS OPERATIONAL IMPACTS ON EMERGENCE OF STATE-LISTED ODONATES IN THE 

CONNECTICUT RIVER 

  3-21 

 

Figure 3.3-4. Variability in Daily WSEL (top) and the Rates of Change in Daily WSEL (bottom) near 

Third Island, Corresponding with Odonate Survey Site 2 (May 15 to September 15, 2015) 

The top chart shows the daily mean WSEL with tails representing the daily minima and maxima. The bottom 

chart shows the mean and maximum rate of change each day. 
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Figure 3.3-5: Variability in Daily WSEL (top) and the Rates of Change in Daily WSEL (bottom) at the 

USGS Streamgage in Montague, Corresponding with Odonate Survey Site 3 (May 15 to September 15, 

2015) 

The top chart shows the daily mean WSEL with tails representing the daily minima and maxima. The bottom 

chart shows the mean and maximum rate of change each day.  
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Figure 3.3-6: Variability in Daily WSEL (top) and the Rates of Change in Daily WSEL (bottom) 

Downstream from the Rock Dam in Montague, Corresponding with Odonate Survey Site 4 

The top chart shows the daily mean WSEL with tails representing the daily minima and maxima. The bottom 

chart shows the mean and maximum rate of change each day. Data until June 24 were lost, and the collection 

period ended in early September, but these charts were made to be consistent with those from other sites. 
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Figure 3.3-7. Variability in Daily WSEL (top) and the Rates of Change in Daily WSEL (bottom) Upstream 

from the Rock Dam in Montague, Corresponding with Odonate Survey Site 4  

The top chart shows the daily mean WSEL with tails representing the daily minima and maxima. The bottom 

chart shows the mean and maximum rate of change each day. The collection period started on May 28 and ended 

in early September, but these charts were made to be consistent with those from other sites. 
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Figure 3.3-8. Variability in Daily WSEL (top) and the Rates of Change in Daily WSEL (bottom) near 

Barton Cove in Montague, Corresponding with Odonate Survey Site 5  

The top chart shows the daily mean WSEL with tails representing the daily minima and maxima. The bottom 

chart shows the mean and maximum rate of change each day. 
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4 DISCUSSION 

4.1 Emergence and Eclosure Behavior 

Table 4.2-1 summarizes published emergence and eclosure data for species that we documented in the 

project area in 2014 and 2015. For all species combined, larvae crawled an average horizontal distance of 

12.4 ft from the edge of the water before stopping to eclose. This is consistent with data from the 2014 

qualitative sampling, which documented an average travel distance of 12.7 ft for all species combined. 

Travel distances were generally higher than those reported in 2006 (Morrison et al., 2006) and 2007 (Martin, 

2007). However, Martin (2010) reported comparable travel distances for Gomphus vastus, especially on 

non-riprap riverbanks (13.5 ft, standard deviation = 1.14). Martin (2010) reported much lower travel 

distances for Stylurus spiniceps (1.0 ft on non-riprap banks, 0.5 ft on riprap) than we documented in 2015 

(14.6 ft). We do not understand the large difference between the two studies for Stylurus spiniceps. The 

very limited travel distance data in Martin (2007) for Dromogomphus spinosus, Hagenius brevistylus, 

Macromia illinoiensis, and Neurocordulia yamaskanensis are all comparable to our 2015 results, indicating 

travel distances of at least 10-15 ft are common for these riverine species. 

Vertical height from the water’s surface was not reported in the earlier studies in the Connecticut River. 

The 2014 qualitative study documented an average vertical distance of 4.4 ft for all species combined, 

which is similar to the 2015 result of 5.0 ft. There was wide variation within and among species (see Figures 

3.2.3-1 - 3.2.3-3). Farthest documented travel distance was nearly 60 ft, and greatest vertical height from 

the water was 22 ft. Although our total number of observations for each species was lower than anticipated 

due to low emergence rates in 2015, sample sizes adequately describe the range of variation in crawl 

distance and crawl height for most species that were detected. 

The speed with which larvae ascend the riverbanks, find a spot to eclose, complete the eclosure process, 

and take flight is important for understanding potential effects of water level fluctuations. The first step of 

exiting the water and finding a spot to eclose is less critical because larvae can be inundated, blown back 

into the water, or can hide or return to the water to avoid predation. We observed numerous instances of 

larvae returning to the water after brief stints on land; Martin (2010) also reported this behavior. This 

behavior challenged our ability to gather data on the duration of the entire emergence process. 

Once the eclosure process begins, the insect is highly susceptible to rising water levels, wind, waves, and 

predators. Species that select eclosure sites far enough or high enough from the water to avoid inundation 

will be most successful at escaping one source of mortality. If larvae select eclosure sites within the zone 

that may be inundated as water levels rise, then they would need to complete the process and fly away 

quickly enough to avoid inundation. We collected some data on this, but had a difficult time gathering data 

on many species due to low emergence rates in 2015.  

It took an average of 36 minutes for tenerals to completely shed the larval exoskeleton, and a similar amount 

of time for tenerals to complete transformation to adults and take flight. We tracked nine individuals from 

the beginning of eclosure to flight; average time was 70 minutes, and ranged from 54 to 73 minutes with 

one outlier of 123 minutes. Figure 4.1-1 shows an example emergence sequence of Ophiogomphus 

rupinsulensis from larva to adult. This specimen was observed at Site 2 on May 30, 2015. Total elapsed 

time from the start of eclosure to adult flight for this individual was 73 minutes. Of the species for which 

some emergence speed data were collected, three were state-listed, including Gomphus vastus (1), Gomphus 

abbreviatus (1), and Stylurus amnicola (3). Neither our data, nor existing data (which is sparse) suggest 

that the emergence/eclosure speed varies widely among species. 

There are surprisingly little published data to support our observations; the following are a few examples: 
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 Stylogomphus albistylus: 26 minutes for teneral to completely shed its larval exoskeleton, and 48 

more minutes for it to fly away. Total critical time = 74 minutes (online: 

www.giffbeaton.com/Emergence) 

 Unnamed species: total critical time = ~90 minutes (https://www.youtube.com/watch?v=zxO-

kusdV_4) 

 Unnamed species: total critical time = ~90 minutes (https://www.youtube.com/watch?v=F3kutr-

3_gM) 

In general, it seems 1-2 hours is a reasonable range for the period from when a larvae stops to begin to 

eclosure process to when the adult flies away. 

4.2 Potential Effects of Project Operations 

In terms of understanding potential effects of water level fluctuations, the concern is for those species and 

individuals that remain close to the water’s edge, especially in areas of the river where daily and hourly 

water level fluctuations and rates of change are greatest. Individuals at greatest risk of inundation would be 

those that (1) live in areas where water level fluctuations and rates of change are high, (2) begin to crawl 

out of the water when water levels are near the daily low, just as the water begins to rise toward its daily 

peak, (3) crawl only short distances to eclosure sites, and (4) have relatively long eclosure times and time 

before flight. 

Among the riverine odonate species (generally, those found at Sites 1-4), those that eclosed closest to the 

water were Stylurus amnicola (sample size = 9) and Ophiogomphus rupinsulensis (sample size = 25), 

suggesting these two species may be more vulnerable than others. Of these, Stylurus amnicola is state-listed 

(Endangered) and Ophiogomphus rupinsulensis is not. Although most other riverine odonate species did, 

on average, crawl far enough and high enough from the water to escape risks of fluctuating water levels, a 

small proportion of all species eclosed close enough that inundation during eclosure was a risk to some 

individuals. 

Our observations and other studies are generally in agreement that most emergence (across all odonate taxa) 

occurs from pre-dawn through early afternoon. Project operations can affect the timing and magnitude of 

water level fluctuations and the rate of water level change at each site. In 2015, total change and rates of 

change were generally highest for the bypass reach and below Cabot Station, and lowest for downstream 

reaches and Barton Cove. 

4.2.1 Site 1 

Near the Route 116 Bridge, the Connecticut River undergoes relatively low daily and hourly water level 

fluctuations compared to areas closer to Cabot Station. The average daily range of WSEL was 2.2 ft, and 

over the entire data collection period ranged from 0.1 to 4.8 ft. The maximum hourly rate of change in 

WSEL each day rarely exceeded 1.0 ft/hr (average = 0.41 ft/hr) and the average hourly rate of change was 

0.15 ft/hr. Using a conservative eclosure time (from start to adult flight) of 2.0 hours and the average daily 

maximum rate of water level change (0.41 ft/hr), individuals most at risk would be those that eclose less 

than 0.82 ft above the water’s surface at a time of day when water levels are low and increasing at the 

maximum daily rate. Of the 176* specimens collected at Site 1 within and outside of transects in 2015, only 

7 (4%) eclosed less than 1.0 ft from the water’s surface. Only 22 (12.5%) eclosed less than 4 ft from the 

                                                      
* The total sample size for some sites includes transect counts and individuals found during qualitative searches 

outside of transects, and also includes a small number of individuals that were not identified to species. Thus, the 

total is higher than what is shown in Table 3.2.2-2 and Appendix D. 
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water’s surface; using an eclosure time of 2.0 hours, water levels would need to increase 2.0 ft/hr to inundate 

these animals before they flew. This rate of increase was never recorded at Site 1 in 2015 (highest recorded 

maximum = 1.15 ft/hr). Among all species, average crawl height at Site 1 was 7.6 ft, which is the highest 

among all sites. Thus, a small proportion of odonates appear to be at risk from water level fluctuations at 

Site 1. 

4.2.2 Site 2 

Similar to Site 1 at the Route 116 Bridge, the Connecticut River near Third Island undergoes relatively low 

daily and hourly water level fluctuations compared to areas closer to Cabot Station. The average daily range 

of WSEL was 2.4 ft, and over the entire data collection period ranged from 0.0 to 4.8 ft. The maximum 

hourly rate of change in WSEL each day rarely exceeded 1.0 ft/hr (average = 0.51 ft/hr) and the average 

hourly rate of change was 0.18 ft/hr. Using an eclosure time of 2.0 hours and the average daily maximum 

rate of water level change (0.51 ft/hr), individuals most at risk would be those that eclose less than 1.02 ft 

above the water’s surface at a time of day when water levels are low and increasing at the maximum daily 

rate. Of the 205* specimens collected at Site 2, 23 (11.2 percent) eclosed less than 1.0 ft from the water’s 

surface. Using the highest recorded water level change of 1.12 ft/hr at Site 2, odonates less than 2.2 ft from 

the water’s surface on that day were at risk. Over the entire sampling season, only 22.4% of the specimens 

were collected less than 2.2 ft from the water’s surface. Thus, a small proportion of odonates appear to be 

at risk from water level fluctuations at Site 2. 

4.2.3 Site 3 

The Connecticut River near Poplar Street, which is not far downstream from Cabot Station and directly 

across the river from the Deerfield River confluence, experiences comparatively high daily and hourly water 

level fluctuations. The average daily range of WSEL was 3.1 ft, and over the entire data collection period 

ranged from 0.2 to 6.7 ft. The maximum hourly rate of change in WSEL each day rarely exceeded 2.0 ft/hr 

(average = 1.09 ft/hr) and the average hourly rate of change was 0.24 ft/hr. Using an eclosure time of 2.0 

hours and the average daily maximum rate of water level change (1.09 ft/hr), individuals most at risk would 

be those that eclose less than 2.2 ft above the water’s surface at a time of day when water levels are low 

and increasing at the maximum daily rate.  

Poplar Street had the lowest odonate densities of all sampling sites. Of the 41 specimens collected at Site 

3, 7 (17%) eclosed less than 2.2 ft from the water’s surface. Using the highest recorded water level change 

of 2.58 ft/hr at Site 3, odonates less than 5.16 ft from the water’s surface on that day were at risk. Over the 

entire sampling season, 65.9% of the specimens were collected less than 5.16 ft from the water’s surface. 

These data suggest that a relatively high proportion of the odonates near Site 3 appear to be at risk from 

water level fluctuations. However, water level fluctuations due to Cabot Station generation alone potentially 

affect odonate emergence to a lesser degree. During the period July 25-August 22, 2015 (Table 3.3-2), when 

bypass flows were stable and Cabot Station was operating, the maximum hourly rate of change in WSEL 

was 1.89 ft/hr (average daily max = 1.21 ft.hr) at this site. Using an eclosure time of 2.0 hours, and the 

maximum water level change of 1.89 ft/hr during this late July-August period at Site 3, of the 41 specimens 

collected at Site 3, 19 (46.3%) eclosed less than 3.8 ft from the water’s surface.  

4.2.4 Site 4 

The Connecticut River in the bypass reach, which is where the Rock Dam is located, experienced relatively 

high daily and hourly water level fluctuations during the study period in 2015 compared to other sites, more 

so downstream from the Rock Dam than upstream of it. During May and June 2015, FirstLight was 

providing coordinated flow releases in the bypass reach in support of other relicensing studies for American 

Shad; therefore, the frequency and magnitude of water level fluctuations in the bypass reach during this 

period were atypical of bypass flow conditions. 
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Site 4 had the second lowest odonate density of all sampling sites, and transects 1-4, which were all 

downstream from the Rock Dam, contained only 21 individuals combined over the entire season. Exuviae 

density was higher at transects 5 and 6 compared to transects 1-4 (34 individuals combined), but still very 

low compared to Sites 1, 2, and 5. 

During the monitoring period, the average daily range of WSEL was 1.9 ft downstream from the Rock Dam 

and 0.9 ft upstream. Downstream from Rock Dam, the maximum hourly rate of change in WSEL each day 

frequently exceeded 1.0 ft/hr (average = 0.99 ft/hr), and the average hourly rate of change was 0.15 ft/hr. 

In contrast, upstream from the Rock Dam the maximum hourly rate of change in WSEL each day rarely 

exceeded 1.0 ft/hr (average = 0.55 ft/hr), and the average hourly rate of change was 0.07 ft/hr. 

Below Rock Dam 

Using an eclosure time of 2.0 hours and the average daily maximum rate of water level change (0.99 ft/hr), 

individuals most at risk would be those that eclose less than 2.0 ft above the water’s surface at a time of 

day when water levels are low and increasing at the maximum daily rate. The highest recorded water level 

change of 2.54 ft/hr downstream from the Rock Dam. However, that day (July 11, 2015) was an anomaly; 

that weekend, Cabot Station was shut down due to equipment installation for other relicensing studies and 

inflows were passed over the Turners Falls Dam.  

During the period July 25-August 22, 2015 (Table 3.3-2), when bypass flows were stable and Cabot Station 

was operating, the maximum hourly rate of change in WSEL below Rock Dam was 1.91 ft/hr (average 

daily max = 0.97 ft.hr) which is comparable to Site 3 WSEL data below Cabot Station for this period. Using 

an eclosure time of 2.0 hours, and the maximum water level change of 1.91 ft/hr during this period, 4 of the 

21 specimens 19% were collected less than 3.8 ft from the water’s surface. 

Above Rock Dam 

Using an eclosure time of 2.0 hours and the average daily maximum rate of water level change (0.55 ft/hr), 

individuals most at risk would be those that eclose less than 1.1 ft above the water’s surface at a time of 

day when water levels are low and increasing at the maximum daily rate. None were ever found that close 

to the water at Site 4. The highest recorded water level change of 4.27 ft/hr upstream from the Rock Dam. 

Again, that day (July 11, 2015) was an anomaly as Cabot Station was shut down over the weekend due to 

equipment installation for other relicensing studies and inflows were passed over the Turners Falls Dam. 

Aside from this anomalous weekend, the highest recorded water level change at this site was of 2.8 ft/hr on 

August 23, 2015 due to Station No. 1 coming on-line.  On this day, odonates less than 5.6 ft from the water’s 

surface on that day were at risk Over the entire sampling season, 50% of the specimens were collected less 

than 5.6 ft from the water’s surface. 

Above Rock Dam, water levels are typically stable in the absence of spillage at Turners Falls Dam. During 

the same July –August period as above, the average daily rate of change in WSEL above Rock Dam was 

0.09 ft/hr. The maximum value for this period at this site was 1.32 ft/hr and was related to natural inflow 

from Fall River. 

4.2.5 Site 5 

Barton Cove experiences relatively low daily and hourly water level fluctuations compared to other sites. 

The average daily range of WSEL in Barton Cove was 2.5 ft, and over the entire data collection period 

ranged from 0.6 to 4.5 ft. The maximum hourly change in WSEL at Barton Cove never exceeded 1.0 ft/hr 

(average = 0.56 ft/hr) and the average hourly rate of change was 0.20 ft/hr. Using an eclosure time of 2.0 

hours and the average daily maximum rate of water level change in Barton Cove (0.56 ft/hr), individuals 

most at risk would be those that eclose less than 1.12 ft above the water’s surface at a time of day when 

water levels are low and increasing at the maximum daily rate. Of the 153 specimens collected in Barton 
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Cove, 13 (8.5%) eclosed less than 1.12 ft from the water’s surface. Thus, even under what we have defined 

as the worst case scenario, and using a conservative eclosure time, a relatively small proportion of odonates 

appear to be at risk from water level fluctuations in Barton Cove. In Barton Cove, crawl heights were 

generally shortest for the lentic/backwater species including Epitheca princeps, Perithemis tenera, 

Libellula sp., and an unidentified Libellulinae. None are state-listed. The only state-listed odonate found in 

Barton Cove was Neurocordulia yamaskanensis (2 individuals), and it has a much greater crawl height than 

the other species in Barton Cove based on our observations. 

4.2.6 Overall Assessment 

Near Cabot Station and the Bypass Reach: Water level fluctuations and rates of change resulting from 

Project operations, may affect odonate emergence in areas of the Connecticut River closest to Cabot Station. 

Precisely which areas are affected, and to what extent, depend on the timing and magnitude of flows through 

Cabot Station, Station No. 1, and spill over the Turners Falls Dam. Flows through Cabot Station affect 

WSEL both upstream (up to, but not above, Rock Dam) and immediately downstream from Cabot Station. 

Other than spill provided for minimum bypass flows conditions (400 cfs), spill events over the Turners 

Falls Dam during the odonate emergence period are usually associated with large precipitation events rather 

than Project operations. If water is quickly released through Station No. 1, odonate emergence could be 

affected in downstream areas of the bypass reach, but specific effects would depend on the timing (time of 

day or time of year) of such releases.  

Downstream from Cabot Station: Effects of Project operations on hourly/daily changes in WSEL and rates 

of change diminish with increasing distance downstream from Cabot Station. At Third Island, 

approximately 5 miles downstream from Cabot Station, and at the Route 116 Bridge, approximately 10 

miles downstream from Cabot Station, neither the hourly/daily changes in WSEL nor rates of change 

appeared to have a strong effect on odonate emergence. 

Barton Cove: Neither the hourly/daily changes in WSEL or rate of change in Barton Cove appear to affect 

odonate emergence. 
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Table 4.2-1: Summary of Emergence and Eclosure Behavior of State-Listed Odonate Species Documented in 2014 and 2015, or that may occur within 

the Study Reach. 

Species* 
Emergence & Flight Period** Eclosure 

May June July Aug Sept Distance Speed 

Gomphus abbreviatus (SC)           Very little information on rare Gomphus. Limited 

data suggest consistent behavior of crawling past 

the river's edge and variable vertical distances (up 

to 10+ ft) up the streambank before eclosing on a 

range of available substrates. S. amnicola may 

crawl shorter distances and eclose on low-gradient 

shorelines, cobble bars, beaches. 

Species-specific data lacking and is likely 

influenced by air temperature, humidity, and 

other factors. Most reports are cursory and 

somewhat consistent, with ~1-2 hours needed to 

complete the entire process from emergence to 

adult flight. 

Gomphus descriptus (E)           

Gomphus fraternus (E)           

Gomphus quadricolor (E)           

Gomphus vastus (SC)           

Gomphus ventricosus (T)           

Stylurus amnicola (E)           

Neurocordulia yamaskanensis (SC)           May crawl farther up banks and climb trees 

*Includes Massachusetts Endangered Species Act status: E = Endangered, T = Threatened, SC = Special Concern 

**Shading used to distinguish onset of emergence (light gray), peak emergence and flight period (gray), and end of flight period (dark gray) 

 

Information Sources: 

Species-specific data generally lacking; most known for G. vastus, which is comparatively more common in the Connecticut River.  

Morrison et al., 2001; McLain et al., 2004; McLain et al., 2006; Morrison et al., 2006; Martin, 2007; Martin, 2010.  

Also more general sources: Byers, 1937; Walker, 1958; Needham et al., 2000; Glotzhober & McShaffrey, 2002; Nikula & Burne, 2003; and NHESP Fact sheets 

(2015) (online). 
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Figure 4.1-1: Example Emergence Sequence of Ophiogomphus rupinsulensis from Larva to Adult 
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APPENDIX A  

INTERIM STUDY REPORT 
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APPENDIX B  

CORRESPONDENCE RECORDS 
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APPENDIX C  

SITE PHOTOS 
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APPENDIX D  

SPECIES COUNTS FOR THE PHASE 2 

(2015) QUANTITATIVE SAMPLING BY 

SURVEY SITE, SAMPLING PERIOD, AND 

TRANSECT. 
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APPENDIX E  

SITE, TIME AND DATE, CRAWL 

DISTANCE, CRAWL HEIGHT, 

EMERGENCE/ECLOSURE SUBSTRATE, 

AND OTHER NOTES RECORDED FOR 

EACH OF THE EXUVIAE COLLECTED 

DURING THE PHASE 2 (2015) 

QUANTITATIVE SAMPLING (N = 622). 
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APPENDIX F 

MONTHLY WATER LEVEL CHARTS 

FROM ALL SITES 
  


