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Introduction 
 

 

Bluenose Coastal Action Foundation 

 

The Bluenose Coastal Action Foundation (BCAF) is a non-profit charitable organization with a mandate 

to address the environmental concerns within Lunenburg County, Nova Scotia.  BCAF’s goal is to 

promote the restoration, enhancement, and conservation of our ecosystem through research, 

education, and action.  Since BCAF’s establishment in December 1993, it has been an active member 

of the Lunenburg County community.  As part of the Atlantic Coastal Action Program (ACAP), BCAF 

was initially created to respond to the urgent need to restore human-impacted coastal environments, so 

that they could continue to sustain coastal communities. 

 

Over the past 19 years, BCAF has lead several ecosystem-related projects throughout Lunenburg 

County.  In 2012, BCAF was involved in the Roseate Tern Recovery Project, the East River Elver 

Abundance Study, the Gold River Catchment Liming Project, the Mushamush River Watershed 

Management Plan Development Project, the LaHave River Watershed Project, the American Eel 

Habitat Assessment Study, The Mahone Bay Coastal Erosion Project, the Planning for Sea Level Rise 

in the Town of Lunenburg Project, the Environmental Home Assessment Program, and the Atlantic 

Whitefish Recovery Project. 

 

The Atlantic Whitefish 

 

The Atlantic whitefish (Coregonus huntsmani) is a naturally anadromous, endangered fish species, 

which is endemic to eastern Canada.  Currently, the lone wild population of this species is found only 

within the Petite Rivière watershed in Lunenburg County, Nova Scotia.  Until 2012, this population had 

been landlocked and restricted to an area of 16 km2 within three inter-connected lakes (Minamkeak 

Lake, Milipsigate Lake, and Hebb Lake) for over a century.  In 1984, the Atlantic whitefish became the 

first Canadian fish species to be classified as “endangered” by the Committee on the Status of 

Endangered Wildlife in Canada (COSEWIC).  Its “endangered” status was reconfirmed by COSEWIC in 

2000, and more recently in 2010.  The Atlantic whitefish was also recognized as being threatened with 

imminent extinction and is listed as "endangered" under Schedule 1 of the federal Species at Risk Act 

(SARA) in 2003.  It is protected under the Maritime Fishery Regulations, the federal Species at Risk 

Act, and the Nova Scotia Endangered Species Act.  Extinction of the Atlantic whitefish would have a 

significant effect on the local aquatic biodiversity (COSEWIC 2010).  Therefore, with an aim to help 

conserve and recover the current population, BCAF has been dedicated to raising public awareness 

and researching the Atlantic whitefish since 2004. 

 

The Atlantic whitefish is a coregonid species, which is classified as a sub-family within the salmonids.  

Its physical resemblance to the more common lake whitefish originally delayed its identification 

(COSEWIC 2010).  Although, previously known as the Acadian whitefish, Sault whitefish, round 

whitefish, and common whitefish (Edge and Gilhen 2001), anatomical comparisons and genetic 
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analyses have confirmed the Atlantic whitefish as a separate and distinct species (Bernatchez et al. 

1991; Murray 2005; COSEWIC 2010).  The Atlantic whitefish has silver sides, a white belly, and a 

black, dark blue, or dark green back (Figure 1).  It can be further identified by its deeply forked tail and 

the presence of a fleshy adipose fin, which lies along its back, between its dorsal and caudal fin (Scott 

and Scott 1988).  Landlocked individuals reach an average length of 20 to 25 cm, significantly smaller 

than anadromous individuals, which average 38 cm in length but can reach up to 50 cm (Bradford 

2000).  Anatomical comparisons conducted by Hasselman et al. (2009), showed that three species-

specific characteristics consistently distinguished the Atlantic whitefish from the lake whitefish.  The 

Atlantic whitefish was found to have shorter pectoral fin lengths, a greater number of lateral line scales 

(Atlantic whitefish: mean = 94; lake whitefish: mean = 77), and a more terminal mouth position. 

 

 

 
Figure 1: Atlantic whitefish. 

 

Although the remaining Atlantic whitefish population is now only found within the Petite Rivière 

watershed, historically, an anadromous population was also known to exist in the Tusket-Annis 

watersheds in Yarmouth County, Nova Scotia.  However, since there have been no reported Atlantic 

whitefish sightings in the Tusket or Annis Rivers since 1982, this population is believed to be extirpated 

(Bradford et al. 2010).  Occasional, isolated sightings have been reported in other coastal areas, 

including the Sissiboo River (in 1909) (Scott and Scott 1988), Halls Harbour (in 1958) (Edge and Gilhen 

2001), the LaHave Estuary (in 1995 and 1997) (Edge and Gilhen 2001), the Medway River (DFO 2011 

Pers. Comm.), and the lower reaches of the Petite Rivière system, including Fancy Lake (DFO 2006a).  

Although it is possible that the species’ range had already been reduced prior to its identification in 

1922 (Huntsman 1922; DFO 2004a), these individuals were likely remnant members of either the Petite 

Rivière or Tusket-Annis River populations (DFO 2006a). 

 

Threats to Survival 

 

A number of factors have been identified as threats to the survival of the Atlantic whitefish, although, it 

is uncertain which of the current threats played a significant role in the decline of the species in earlier 

years (Bradford et al. 2010).  The following threats, identified by COSEWIC, are thought to have either 

lead to the decline of the population, and/or are currently threatening the survival of the Atlantic 

whitefish: habitat degradation, fishery-related bycatch, the introduction of non-native invasive species, 

and barriers to fish passage. 
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Habitat Degradation 

 

Acidification caused by acid rain has been identified as a major cause of habitat loss and degradation.  

Many of the rivers in southwest Nova Scotia are naturally acidic but have become more acidic in recent 

years.  Acidification likely played a significant role in the extirpation of the Tusket-Annis population, and 

has also been identified as a major factor contributing to the decline of wild Atlantic salmon throughout 

the region (DFO 2000).  Fortunately, the Atlantic whitefish is considered to be relatively tolerant to 

acidic conditions (Cook et al. 2010), and due to the river’s buffering capacity, the Petite tends to 

maintain a slightly higher pH than other rivers in the area (COSEWIC 2010). 

 

Fishery-Related Bycatch 

 

Historically, unregulated fishing practices and poaching may have had a significant impact on the 

decline of the species (Bradford et al. 2004b).  The once abundant Atlantic whitefish was targeted as a 

food and sport fish, and was also a common bycatch product in the Gaspereau (a collective term for 

alewife (Alosa pseudoharengus) and blueback herring (Alosa aestivalis)) gillnet fishery (Bradford et al. 

2004a).  It has also been suggested that the Atlantic whitefish may have been harvested in large 

quantities for use as lobster bait and fertilizer (Cited in DFO 2006a; Scott and Scott 1988; P. Longue, 

DFO 2001 Pers. Comm.).  Legal harvesting of the Atlantic whitefish and harmful bycatch fisheries 

ceased in the Petite Rivière prior to 1980, and Section 6 of the Maritime Provinces Fishery Regulations, 

which came into effect in 1993, specifically banned the catch, retention, and possession of Atlantic 

whitefish (DFO 2006a).  Presently, incidental catch by recreational anglers may still have a small 

impact on the current population (COSEWIC 2010). 

 

Non-Native Invasive Species 

 

The introduction of non-native invasive species into Nova Scotia’s lakes and rivers with the purpose to 

enhance recreational angling continues to pose a threat, not only to the Atlantic whitefish, but to other 

native fish species as well.  The introduction of chain pickerel (Esox niger) into the Tusket-Annis 

watershed has been linked to the decline of several species, as well as the extirpation of Atlantic 

whitefish (Bradford et a. 2004b).  Another legally and illegally introduced species, the smallmouth bass 

(Micropterus dolomieu), has been identified as a potential threat to the remaining Atlantic whitefish 

population in the Petite Rivière.  The effect of smallmouth bass on native fish populations in other 

watersheds has been well documented (COSEWIC 2010) and potential impacts include direct 

predation, trophic disruption, and habitat competition (Jackson 2002). 

 

Smallmouth bass are a member of the sunfish family, Centrarchidae, and due to their ability to fight 

when hooked, they are considered to be a great angling fish.  The increased popularity of smallmouth 

bass angling has lead to the illegal introduction of this species throughout Canada, including into the 

lakes and rivers of Nova Scotia.  Smallmouth bass are presently found in 188 lakes and rivers in Nova 

Scotia (DFO 2009a).  They were first introduced to Nova Scotia in 1908 and were first recorded in the 

lower reaches of the Petite Rivière in 1994.  A Habitat Stewardship Program (HSP) study conducted in 

2003 confirmed the presence of a reproducing smallmouth bass population in the lakes above the Hebb 
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Lake Dam (Bradford et al. 2004b).  In recent years, smallmouth bass angling and nest surveys have 

shown that smallmouth bass are becoming well established in the Petite Rivière watershed, both above 

and below the Hebb Lake Dam. 

 

Barriers to Fish Passage 

 

Southwest Nova Scotia’s rivers have had an extensive history of damming.  Prior to September 2012, 

the Atlantic whitefish population, which is believed to be naturally anadromous, had been landlocked for 

over a century due to a series of dams constructed along the Petite Rivière since the late 1700s 

(Sodero 1994; DFO 2006a).  At least 48 known mills, producing lumber, flour, laths, and shingles, were 

operated on the Petite Rivière between 1783 and 1973 (Sodero 1994).  Current potential barriers 

include structures at Crousetown, Conquerall Mills, Milipsigate Lake, and Minamkeak Lake. 

 
Table 1: Description of barriers to fish passage in the Petite Rivière (DFO 2004b; DFO 2006a (adapted from Conrad 2005); 

Fielding 2011). 

DAM DESCRIPTION 
CONSTRUCTION 

DATES 

Crousetown 

A 2.4 m high timber dam located at a former sawmill site.  The dam includes 

a run-around channel fishway constructed from loose stone.  Considered to 

be inefficient for fish passage. 

Current structure 

constructed in 1889; fishway 

repaired in 1945 (previous 

dam may have been 

constructed as early as 

1802). 

Conquerall 

Mills 

The dam at the former Conquerall Mills hydroelectric site was partially 

dismantled, allowing a 9 m space between the remaining concrete 

abutments.  The resulting short series of rapids constitutes a 1.2 m drop, 

which may present a velocity barrier to Atlantic whitefish passage upstream. 

Installed in 1939; operation 

ceased in 1971; dam was 

breached in 1979. 

Hebb Lake 

A hydroelectric facility, which operated between 1939 and 1971.  Currently 

serves as a storage dam at the base of Hebb Lake, for the Town of 

Bridgewater’s water supply.  Consists of a concrete flow-control structure 

and a long rock and earth filled berm.  Upgraded in 2011 to include a fish 

passage facility, which became operational in September 2012. 

Initial construction could 

have been as early as 1901; 

new dam constructed 

between 1971-1974; 

upgraded in 2011; the Hebb 

Lake Dam Fish Passage 

Facility opened in 2012. 

Milipsigate 

Lake 

A concrete dam structure operated by the Town of Bridgewater for flow 

regulation and water storage purposes.  Other than the spillway, no fish 

passage is provided at this dam. 

1939 (approx.); upgraded in 

2011. 

Minamkeak 

Lake 

The uppermost storage dam for the Town of Bridgewater for flow regulation 

and water storage purposes.  Other than the spillway, no fish passage is 

provided at this dam. 

1939 (approx.); upgraded in 

2011. 

 

Man-made barriers have had significant impacts on diadromous fish populations, which depend on 

upstream and downstream migrations at various life stages.  The construction of dams without 

adequate fish passage has been responsible for a reduction in habitat access, water flow alteration, 

changes and delays to migratory patterns, and the decline of several fisheries.  In the Petite Rivière 

watershed, the Hebb Lake Dam has been the main barrier blocking upstream fish passage into Hebb 

Lake since the early 1900’s (DFO 2006a).  However, on September 24, 2012, the newly constructed 

Hebb Lake Dam Fish Passage Facility, which includes a fishway and a fish trap, was opened (Figure 
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2).  This facility will allow for monitoring and sampling activities, and will also permit fish that have fallen 

over the dam to return to their habitat and spawning grounds in the upper watershed. 

 

There are still questions surrounding the survival of the anadromous life-history component in 

landlocked fish, and although an anadromous Atlantic whitefish run was well known on the Tusket 

River, an anadromous run in the Petite Rivière has not been well documented (Bradford et al. 2010).  

However, recent studies using captive-reared Atlantic whitefish progeny derived from the wild Petite 

Rivière population showed that the juvenile fish are tolerant to, and even have a preference for 

seawater (Cook et al. 2010).  Ultimately, the newly constructed fish passage facility has the potential to 

reintroduce and re-establish anadromy among the landlocked Atlantic whitefish population. 

 

 

 
Figure 2: The Hebb Lake Dam Fish Passage Facility. 

 

 

Recovery Strategy 

 

Recovery of the Atlantic whitefish is considered to be both biologically and technically possible (DFO 

2006a).  It is believed that a minimum population size of 550 to 2000 mature adults is required to 

maintain genetic diversity (DFO 2006a; DFO 2009a).  Although current abundance is considered to be 

critically low, an accurate population estimate is not available.  The remaining Atlantic whitefish 

population could be undergoing or recovering from a genetic bottleneck, which puts the species at risk 

of imminent extinction should a catastrophic event occur (DFO 2009a).  Therefore, in accordance with 

SARA Section 37, a recovery strategy (DFO 2006a) has been developed for the protection and 

conservation of the Atlantic whitefish.  The ultimate goal of the Recovery Strategy is “to achieve stability 

in the current population of Atlantic whitefish in Nova Scotia, reestablishment of the anadromous form, 

and expansion beyond its current range” through the following strategic objectives (DFO 2006a): 

 

1. Conserve, protect, and manage the species and its habitat; 

2. Increase the number and range of viable populations; 
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3. Increase understanding of the species and its habitat, and; 

4. Increase public involvement and acceptance. 

 

Goals and Objectives 

 

Compared to other salmonid species, little is known of the biology, life-history, habitat requirement, or 

abundance of wild Atlantic whitefish.  BCAF’s Atlantic Whitefish Recovery Project (AWRP) team has 

been working together with federal, provincial, and municipal governments, local universities, anglers, 

and other environmentally-focused community organizations in researching the Atlantic whitefish.  The 

construction of the Hebb Lake Dam Fish Passage Facility and the presence of a thriving smallmouth 

bass population in the watershed initiated many of the research activities conducted during the 2012 

spring and summer field season.  This study focused on the following five objectives: 

 

1. To increase Atlantic whitefish awareness within the community 

2. To assess the impact of smallmouth bass on the existing Atlantic whitefish population and to 

assess the spread of smallmouth bass in Hebb Lake 

3. To continue to address knowledge gaps surrounding the migratory behaviour of Atlantic 

whitefish, including upstream and downstream migration patterns, potential spawning period, 

and the age structure of migrating fish 

4. To assess the health of the existing Atlantic whitefish population and to determine the fish 

community composition within the Petite Rivière 

5. To monitor habitat and water quality throughout the Petite Rivière watershed 
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Methods 
 

Study Area 

 

All sampling took place within the Petite Rivière watershed (Figure 3) between April 2012 and 

December 2012.  Data were collected from three lakes; Minamkeak Lake, Milipsigate Lake, and Hebb 

Lake, as well as the main branch of the Petite Rivière, and the upper and lower tributaries that feed into 

the river. 

 

 
Figure 3: Map of the Petite Rivière watershed showing the three lakes (Minamkeak, Milipsigate, and Hebb Lakes), which 

contain the existing Atlantic whitefish population, and the dams that currently impede fish passage. 

 

 

Outreach and Education 

 

Educating local youth in Atlantic whitefish identification and the importance of releasing and reporting 

Atlantic whitefish captures was the main focus of this summer’s outreach campaign.  The AWRP team 

delivered Atlantic whitefish presentations at local schools, the Petite Rivière Girl Guides group, Camp 

Mushamush, Ellenwood and Risser’s Provincial Parks, and a Fancy Lake home owners association 

annual general meeting.  BCAF employees also set up project specific displays at local farmers 
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markets (Lunenburg, Bridgewater, and Hubbards) and several festivals and events, including a 

children’s fishing derby, Sustainability Expo, the Kejimkujik Mi’kmaw Celebration, the Bridgewater 

Sustainability Festival, World Oceans Day, Mahone Bay Regatta and Pirate Festival, the Growing 

Green Festival in Bridgewater, March Break Programming Activities at White Point Beach Resort, 

Halifax International Boat Show, and World Water Day at the NSCC Lunenburg Campus.  Educational 

materials such as Atlantic whitefish brochures, activity books, fish identification cards, tattoos, and 

postcards were distributed at these events to promote public awareness. 

 

Water Quality Monitoring and Habitat Restoration 

 

Water Quality Monitoring 

 

Water quality monitoring took place throughout the year on a biweekly basis.  A YSI Sonde (Figure 4) 

was used to monitor 18 sites throughout the Petite Rivière watershed.  The Sonde was calibrated 

regularly prior to each monitoring activity to ensure accurate field readings.  At each site, the Sonde 

was submerged in the water until stabilized.  Once stabilized, the following water quality parameters 

were recorded: 

 

 Temperature (°C) 

 Dissolved oxygen (% saturation and mg/L) 

 Conductivity (mS/cm) 

 Total Dissolved Solids (TDS) (mg/L) 

 Salinity (ppt) 

 pH 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 4: One of the YSI Sondes use for water quality monitoring. 

 

 

Habitat Restoration 

 

A fish habitat restoration project was developed for the 2012 field season based on the habitat 

assessment data collected in 2011, consultation advice from local community members, as well as 

habitat restoration advice from the NSLC Adopt-A-Stream program coordinator. 
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Invasive Species Monitoring 

 

Smallmouth Bass Nest Surveys 

 

Smallmouth bass nest surveys were conducted in Minamkeak, Milipsigate, and Hebb Lakes between 

May 23, 2012 and July 4, 2012.  Surveys took place early in the morning or, on calm days, when nests 

were clearly visible from above the water.  A 14-foot aluminum boat was used to navigate the shoreline, 

all surveyors wore polarized sun glasses to reduce water glare, and all nests were examined using a 

“viewfinder” (Figure 5).  The nests observed in Minamkeak Lake and Milipsigate Lake were counted 

and marked with a GPS.  The nests identified in the Milipsigate outlet and in Hebb Lake were marked 

using a GPS, revisited every three days to monitor nest progress, and classified as either: 

 

 A – newly excavated with no silt and no eggs present 

 B – eggs present 

 C – fry present but not yet dispersed into the water column 

 D – fry dispersed (successful) 

 F1 – abandoned after being classified as class A 

 F2 – abandoned after being classified as class B or C 

 N – new nest not observed on previous sampling days 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5: BCAF summer students using the “viewfinder” to examine and classify a smallmouth bass nest. 

 

 

The following habitat characteristics were also recorded for all nests found in the Milipsigate outlet and 

Hebb Lake: 

 

 Weather conditions 

 Water temperature (°C) – measured using an ExStick II digital thermometer 

 Water depth (cm) – measured using a meter stick 

 Distance from shore (m) – measured using a measuring tape, meter stick, or an eyeball 

estimate 

 Nest cover: 
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o B – boulder 

o L – log 

o O – overhanging vegetation  

o X – no cover 

 Substrate type:  

o MS – mud or silt 

o G – gravel 

o C – cobble 

o R – rock or boulder 

o D – detritus 

o Z – other 

 

The percentage of shoreline covered was calculated by marking the areas surveyed using a GPS and 

mapping the area on Google Earth.  This distance was then divided by the total perimeter for each lake.  

Areas that were not covered were either too difficult to access or considered unsuitable habitat.  Nest 

success rate was calculated by dividing the number of successful nests by the total number of nests 

identified in each body of water. 

 

Smallmouth Bass Catch per Unit Effort (CPUE) Study 

 

Catch per unit effort (CPUE) surveys were conducted in Hebb, Milipsigate, and Minamkeak Lakes, as 

well as, the Milipsigate outlet and Minamkeak Brook between June 19, 2012 and September 28, 2012.  

Using a 14-foot aluminum boat and a four-stroke motor, two or three anglers fished a range of habitats, 

including rocky drops, cobble coves, vegetated areas, and areas with flowing water (including inflows 

and outflows).  Smallmouth bass were the only species targeted for the CPUE study.  In accordance 

with DFO Licence # 332017, only unbaited lures were used.  All of the angled bass were bagged and 

frozen to be analysed as part of the biological study. 

 

The GPS coordinates and the following data were recorded: 

 

 Total angling time at each site (in minutes) 

 Number of anglers 

 Weather conditions 

 Water temperature (°C) – measured using an ExStick II digital thermometer 

 Habitat description 

 Type of lure used (spinner, rapala, shad dart, artificial worm) 

 Catch data: species, fork length (cm), weight (g), origin (hatchery or wild) 

 

The estimated CPUE value was calculated by dividing the number of angled smallmouth bass by the 

total amount of time spent fishing in each body of water. 
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Smallmouth Bass Biological Study 

 

Smallmouth bass angled during the CPUE study, as well as smallmouth bass captured in the rotary 

screw trap, trap net, and fishway trap, were retained and preserved to be used in the biological 

component of the study.  Each bass was thawed, weighed (g) using a precision balance, and measured 

to fork length (cm).  Total length (g) was calculated from fork length using the following formula FL = 

TL/1.04 or TL = FL*1.04 (Carlander 1977).  Scale samples were extracted for aging, sex was 

determined, and stomach contents were examined.  Scale samples were taken from the left side, 

posterior to the pectoral fin, and below the lateral line using a small knife (Figure 6).  The samples were 

cleaned, mounted on slides, and will be examined using a microscope or microfiche reader.  The age of 

each fish will be determined by counting the number of bands and circuli.  Feeding preferences were 

determined by examining stomach contents, which were extracted using a filet knife.  The prey types 

were identified and recorded for each fish. 

 

 

 

 

 

 

 
Figure 6: Smallmouth bass.  The yellow oval indicates the area where scale samples were extracted. 

 

 

Atlantic Whitefish Life History Studies 

 

Rotary Screw Trap Study 

 

A rotary screw trap (RST) (developed by EG Solutions, Inc., Corvallis, Oregon, USA) was installed in 

the Petite Rivière, approximately 100 m downstream from the Hebb Lake Dam (Figure 7).  Rotary 

screw traps are most commonly used to capture downstream migrating salmon smolts in the spring to 

estimate the Atlantic salmon population size.  In this case, the trap was operated with the intention to 

capture downstream migrating Atlantic whitefish and to improve our knowledge of the overall fish 

community composition within the Petite Rivière.  The trap was assembled in the river and towed 

upstream to the sampling area.  The corner of each pontoon was secured to a tree along the river bank 

using polypropylene rope.  The trap consists of a 5 ft diameter rotating conical shaped drum, which is 

partly submerged and suspended on two 16 ft long pontoons.  Adequate depth and sufficient water flow 

are required to keep the drum rotating and to guide fish through the drum into a live holding box at the 

rear of the trap.  During periods of low flow, water velocity was adjusted using the Indian Garden Farms 

cranberry gate dam, which was located 10 m upstream from the trap.  Five wooden gates are used to 

divert water into the cranberry fields at certain times of year.  To ensure a direct stream of water 

through the trap, two or three of the gates remained closed during the study to increase the chance of 

capturing downstream migrating fish. 
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Figure 7: Rotary screw trap used in the Petite Rivière. 

 

 

The RST operated between April 21, 2012 and June 29, 2012 and the trap was checked daily.  Each 

fish was removed from the holding tank using a dip net and placed in a bucket for sampling.  Each fish 

was identified, photographed, measured to fork length (cm), and released (with the exception of 

smallmouth bass, which were sacrificed as part of the biological study).  Scale and DNA samples were 

extracted from Atlantic whitefish captures.  Physical data, including water temperature (oC), weather 

conditions, and drum rotations per minute (RPM), were also collected daily.  Once all fish had been 

sampled and released, all debris was removed from the holding tank and the external surface of the 

drum was cleaned using a hard brush. 

 

Milipsigate Dam Trap Net 

 

A trap net belonging to Fisheries and Oceans Canada (DFO) was installed just below Milipsigate Dam 

between May 6, 2012 and May 14, 2012 (Figure 8).  The AWRP team assisted DFO staff in operating 

the trap net.  The trap was set and fished throughout the week.  Using a small aluminum boat, DFO and 

BCAF staff hulled the netting out of the water.  Any fish caught in the trap were removed using a dip net 

and placed into a holding bucket for sampling.  The following data were recorded: 

 

 Time the trap was set 

 Time the trap was checked 

 Water temperature (°C) 

 Weather conditions 

 Catch data: species, fork length (cm), origin (hatchery or wild) 
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Figure 8: DFO trap net installed just below Milipsigate Dam. 

 

 

Electrofishing Studies 

 

Hebb Lake Dam Fish Health Collections 

 

The AWRP team assisted with the fish health collections prior to the opening of the Hebb Lake Dam 

Fish Passage Facility.  Given the severity of the potential risks associated with introducing pathogens 

or disease into the waters above the Hebb Lake Dam, 45 brook trout (Salvelinus fontinalis) were 

collected from the watershed and screened for bacterial and viral infections according to the Fish 

Health Protection Guidelines.  A total of 22 brook trout were collected from above Hebb Lake Dam 

(Wildcat Brook and Frederick’s Brook) on May 22, 2012 and an additional 23 brook trout were collected 

from below Hebb Lake Dam (Wallace Brook and Brown Branch Brook) on June 5, 2012.  All of the fish 

collected were stored on ice and immediately shipped by overnight courier to DFO’s Gulf Fisheries 

Centre in Moncton, NB, for analyses. 

 

Electrofishing was selected as the most efficient method for capturing the required number of fish for 

disease testing (Figure 9).  Electrofishing involves the use of pulsed electrical current to temporarily 

stun the fish within an effective range.  The appropriate voltage, to ensure non-lethal sampling, is 

selected based on the water’s conductivity and the type and size of fish being targeted.  The sampling 

team consisted of three staff members, including the individual wearing and operating the Smith Root 

12A backpack electrofisher and two dip-netters.  One dip-netter was positioned beside the electrofisher 

and one just downstream to capture any missed fish.  All electrofishing took place while moving in an 

upstream direction and targeted areas where brook trout were most likely to be present.  Once 

captured, each fish was transferred to a holding bin before being packaged for shipping. 
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Figure 9: BCAF staff collecting brook trout for the fish health collections in Wildcat Brook. 

 

 

Weagle’s Dam Species Presence or Absence Survey 

 

The AWRP team also conducted an electrofishing survey in the outlet between Weagle's Dam and 

Fancy Lake prior to the commencement of the Nova Scotia Department of Transportation and 

Infrastructure Renewal’s (NS DTIR) road repaving and bridge reconstruction work.  The entire outlet 

was surveyed for the presence of Atlantic whitefish.  All species observed were sampled and held in a 

recovery bucket until the survey was completed.  The following data was recorded: 

 

 Amount of time electrofishing (seconds) 

 Weather conditions 

 Water temperature (°C) 

 Water conductivity (mS/cm) 

 Catch data: species, fork length (cm), origin (wild or hatchery reared) 

 Electrofisher data: frequency (60Hz), pulse width (6ms), voltage (200volts), seconds (679sec) 

 

All fish were safely released back into the water.  The catch data collected from this study was used 

primarily by NS DTIR. 

 

Monitoring and Sampling Activities at the Hebb Lake Dam Fish Passage Facility 

 

The Hebb Lake Dam Fish Passage Facility opened on September 24, 2012 (Figure 10).  A suspended 

6’0” x 6’8” x 7’8” aluminum trap was set and monitored daily between September 24, 2012 and 

December 12, 2012 (Figure 11).  The purpose of the trap was to monitor and sample any upstream 

migrating fish.  All fish were sampled and released according to the protocols outlined in DFO’s Hebb 

Lake Dam Fish Passage Facility Interim Monitoring Plan.  The following species were permitted to pass 

upstream: wild Atlantic whitefish, wild Atlantic salmon (Salmo salar), brook trout, and American eel 

(Anguilla rostrata).  All other species, with the exception of smallmouth bass, which were sacrificed for 
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the biological study, were released downstream.  The monitoring plan protocols ensured that any fish 

entering the lake did not pose a risk to the engendered Atlantic whitefish population. 

 

 

 
Figure 10: Hebb Lake Dam Fish Passage Facility 

Photos courtesy of Kim Robichaud-LeBlanc (DFO) 

 
 

 

 
Figure 11: Fishway trap. 

 

 

Each day a minimum of two staff lifted the trap out of the water using a chain pulley system.  The trap 

was opened and each fish was netted and placed in a holding tank (Figure 12).  All Atlantic whitefish 

and Atlantic salmon were held in a plexiglass aquarium to facilitate the examinations for any signs of 

hatchery rearing (i.e., fin clips, fin/snout erosion, tags, and general health) and to allow photos to be 

taken while keeping handling to a minimum (Figure 13).  Each fish was measured to fork length (cm), 

weighed (g) in water using a digital hanging scale or balance scale, and examined to ensure good 

health.  Scale samples and DNA samples were extracted from Atlantic whitefish and Atlantic salmon.  

Five to ten scales were removed from the left side of the fish just behind the dorsal fin and above the 

lateral line using a small clean knife (Figure 14).  Scale samples were then mounted on slides using 

fine tweezers and examined with a microscope or microfiche reader.  Each fish was aged by examining 

and counting the number of bands and circuli.  DNA samples were extracted by clipping the right 

pectoral fin with a pair of clean scissors and placing the tissue in alcohol for preservation.  Other data 

recorded included: time set, time retrieved, water temperature (°C), weather conditions, and water level.  

Condition factor (K) was calculated using Fulton’s equation (1902): 

 

K = 10NW/L3 

 

K = Condition Factor 

N = 5 

W = Weight of fish in grams (g) 

L = Fork length of fish in millimetres (mm) 
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Figure 12: Fishway trap opened.        Figure 13: Atlantic whitefish in the plexiglass aquarium. 

 

 

 
Figure 14: Atlantic whitefish showing the area from where the scale samples were removed. 

 

 

Water flow through the fishway was adjusted daily based on increases and decreases in lake water 

levels (Figure 15; Figure 16).  The fishway structure consists of two control gates, followed by a series 

of baffles, each 8 inches lower than the one above.  The gates were manually adjusted daily to 

maintain between 8 and 12 inches of water flowing over each baffle, and to maintain a velocity between 

2.45 and 3.00 feet/sec (Figure 17). 
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Figure 15: BCAF staff adjusting water flow through the fishway; Figure 16: Fishway control gates. 
Photos courtesy of Kim Robichaud-LeBlanc (DFO) 

 

 

 

Figure 17: Graph showing water velocity through the fishway as the depth of water flowing over the baffles increases. 
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Results 
 

Water Quality Monitoring and Habitat Restoration 

 

Water Quality Monitoring 

 

Water quality was monitored at the following sites within the Petite Rivière watershed on a bi-weekly 

basis between January 5, 2012 and December 20, 2012 unless otherwise noted (Table 2). 

 
Table 2: Water quality sites monitored throughout the Petite Rivière watershed in 2012. 

Site Name Coordinates (UTM) Dates Monitored 

1 Wildcat Brook 20T   0373781   4913849 Jan. – Dec. 2012 

2 Milipsigate Lake Dam 20T   0373205   4911365 Jan. – Dec. 2012 

3 Birch Brook 20T   0369593   4910031 Jan. – Dec. 2012 

4 Frederick’s Brook 20T   0367862   4908181 May – Dec 2012 

5 Minamkeak Lake Dam 20T   0372538   4908651 Jan. – Dec. 2012 

6 Weagle’s Dam Outlet 20T   0377097   4911300 Jan. – Dec. 2012 

7 Hebb Lake Outlet 20T   0377273   4911949 Jan. – Dec. 2012 

8 Hebb Lake Dam 20T   0376840   4912129 Jan. – Dec. 2012 

9 Conquerall Mills Dam 20T   0378290   4907251 Jan. – Dec. 2012 

10 Hebb Mill Brook (Publicover Lake) 20T   0379190   4905321 Jan. – Dec. 2012 

11 Wallace Brook (Wallace Lake) 20T   0378284   4903232 Jan. – Dec. 2012 

12 Italy Cross Intersection (Wallace Brook) 20T   0381162   4902053 Jan. – Dec. 2012 

13 Crousetown Dam 20T   0381458   4902032 Jan. – Dec. 2012 

14 Kaulback Brook 20T   0383723   4903391 Sept. – Dec. 2012 

15 Brown Branch Brook 20T   0382077   4900481 Jan. – Dec. 2012 

16 Petite Rivière Fire Pond 20T   0383529   4899335 Aug. – Dec. 2012 

17 Wamback Mill Brook 20T   0383726   4899425 Jan. – Dec. 2012 

18 Petite Rivière (Above Head of Tide) 20T   0384106   4899029 Aug. – Dec. 2012 

 

 

Temperature readings remained fairly consistent among the sites within the three lakes (Figure 18) and 

among the sites within the main branch of the Petite Rivière (Figure 19).  The highest variability in 

temperature existed among the tributary streams (Figure 20).  The temperature readings, particularly 

within the tributary streams, showed a distinct peak on March 21, 2012 resulting from several days of 

unseasonably warm weather.  During this period, Wallace Brook reached a temperature of 21.15°C. 

 

The temperature at all sites, excluding Wildcat Brook, Weagle’s Dam outlet, and Wamback Mill Brook, 

exceeded 22°C during the peak summer period.  The highest temperature readings were recorded at 

Wallace Brook (26.7°C), Conquerrall Mills (26.47°C), Hebb Lake Dam (26.30°C), Minamkeak Dam 
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(26.21°C), Milipsigate Dam (25.88°C), Hebb Lake outlet (25.78°C), Hebb Mill Brook (25.40°C), and 

Brown Branch Brook (25.00°C) between August 10, 2012 and August 24, 2012. 
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Figure 18: Bi-weekly temperature (°C) readings taken from the inputs and outputs of the three Atlantic whitefish lakes (Hebb, 

Milipsigate, and Minamkeak Lakes). 
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Figure 19: Bi-weekly temperature (°C) readings taken from the main branch of the Petite Rivière. 
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Figure 20: Bi-weekly temperature (°C) readings taken from the main tributary streams in the upper and lower watersheds. 

 

 

The pH readings within the three lakes and within the main branch of the Petite Rivière remained above 

5.0 throughout the entire year (Figure 21; Figure 22); however, the tributary streams showed much 

higher fluctuations in pH levels, ranging from a minimum recorded pH of 4.04 in Wildcat Brook 

(February 14, 2012) to a maximum recorded pH of 7.01 in Wallace Brook (April 3, 2012) (Figure 23).  

The majority of the tributary streams had, on average, consistently lower pH readings than the lakes or 

the main branch sites, including Brown Branch Brook (yearly average = 5.32; lowest reading = 4.70), 

Hebb Mill Brook (yearly average = 5.32; lowest reading = 4.85), Wildcat Brook (yearly average = 5.36; 

lowest reading = 4.04), Wamback Mill Brook (yearly average = 5.36; lowest reading 4.67), and Birch 

Brook (yearly average = 5.54; lowest reading = 4.69). 
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Figure 21: Bi-weekly pH readings taken from the inputs and outputs of the three Atlantic whitefish lakes (Hebb, Milipsigate, 

and Minamkeak Lakes). 
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Figure 22: Bi-weekly pH readings taken from the main branch of the Petite Rivière. 
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Figure 23: Bi-weekly pH readings taken from the main tributary streams in the upper and lower watersheds. 

 

 

Conductivity levels were variable among the tributary streams and peaked at certain times of year 

(Figure 24).  Of the tributary streams, Wildcat Brook had the highest single conductivity reading of 70.6 

mS/cm on September 21, 2012.  Annual averages ranged from 40.96 mS/cm in Birch Brook to 52.40 

mS/cm in Wallace Brook.  Conductivity readings at the lake sites remained fairly consistent throughout 

the year, aside from the Weagle’s Dam outlet, which was significantly higher than the other sites 

(Figure 25).  In the Weagle’s Dam outlet, conductivity readings ranged from 27 mS/cm in January 2012 

and February 2012 to 225 mS/cm in September 2012.  Conductivity readings in the main branch of the 

Petite Rivière were lower above Fancy Lake (Hebb Lake outlet yearly average = 35.08 mS/cm) (Figure 

26) and increased below Fancy Lake at Conquerall Mills, Crousetown Dam, and Italy Cross (yearly 

averages = 41.29 mS/cm, 42.56 mS/cm, and 52.22 mS/cm, respectively). 
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Figure 24: Bi-weekly conductivity (mS/cm) readings taken from the main tributary streams in the upper and lower watersheds. 
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Figure 25: Bi-weekly conductivity (mS/cm) readings taken from the inputs and outputs of the three Atlantic whitefish lakes 

(Hebb Lake, Milipsigate Lake, Minamkeak Lake). 
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Figure 26: Bi-weekly conductivity (mS/cm) readings taken from the main branch of the Petite Rivière. 

 

 

TDS and salinity levels followed a similar trend to conductivity.  Annual average TDS readings were 

highest in the Weagle’s Dam outlet (46.87 mg/L), followed by Italy Cross (34.15 mg/L), Wildcat Brook 

(33.54 mg/L), and Wallace Brook (33.38 mg/L).  Salinity measurements remained between 0.01 ppt 

and 0.03 ppt at all sites except the Weagle’s Dam outlet, where salinity reached 0.09 ppt on July 9, 

2012. 

 

Dissolved oxygen readings were inconsistent throughout the year due to issues with the YSI Sonde 

probe.  Despite these inaccuracies, the readings showed a likelihood that dissolved oxygen 

concentrations may have periodically dipped below acceptable levels for salmonids at all sites (7 mg/L 

at temperatures <15°C; and 9 mg/L at temperatures ≥15°C (Raleigh 1982)).  In August 2012, dissolved 

oxygen levels in Hebb Mill Brook dipped below 5 mg/L, which is considered to be the minimum 

tolerable dissolved oxygen concentration for salmonids (Raleigh 1982). 

 

Habitat Restoration 

 

A habitat restoration project was selected for the 2012 field season with a focus on restoring a portion 

of the river bank where the sediment supporting a large maple tree was eroding away.  Unfortunately, 

the project was not completed due to conflicts among landowners.  Two restoration sites, focusing on 

improving upstream fish passage, have been selected for the 2013 field season and the applications 

have been submitted for approval. 
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Invasive Species Monitoring 

 

Smallmouth Bass Nest Surveys 

 

Smallmouth bass nest surveys were conducted in all three lakes and in the outlet below Milipsigate 

Dam.  The nest survey covered 95% of the Hebb Lake shoreline (including islands) and identified a 

total of 13 nests, three of which successfully produced dispersed fry.  85% of the Milipsigate outlet 

shoreline was surveyed and a total of 33 nests were identified, 14 of which successfully produced 

dispersed fry.  Due to time constraints, the nests observed in Milipsigate Lake and Minamkeak Lake 

were only counted and marked with a GPS.  The success rates presented in Table 3 for Milipsigate 

Lake and Minamkeak Lake were obtained from previous smallmouth bass nest surveys conducted in 

2010 by the Nova Scotia Department of Fisheries and Aquaculture (NSDFA). 

 

 
Table 3: Percentage of shoreline surveyed, total number of smallmouth bass nests identified, total number of successful nests, 

and the calculated success rate for each of the three lakes as well as the Milipsigate outlet. 

Lake 

% of 

shoreline 

surveyed 

Total number 

of nests 

identified 

Total number of successful 

nests 

Success 

rate 

Hebb Lake 95% 13 3 23% (2012) 

Milipsigate Outlet 87% 33 14 42% (2012) 

Milipsigate Lake 92% 78 
34 

(using NSDFA 2010 success rate) 
44% (2010) 

Minamkeak Lake 78% 111 
65 

(using NSDFA 2010 success rate) 
59% (2010) 

 

 

Of the unsuccessful nests observed in Hebb Lake, four were abandoned prior to containing eggs (at 

Class A) and four were abandoned once eggs had been present (at Class B or C) (Table 4; Figure 27; 

Figure 28).  In the Milipsigate outlet, 12 nests were abandoned prior to containing eggs and five were 

abandoned once eggs were present.  The success rate of smallmouth bass nests in Hebb Lake was 

nearly half that of the Milipsigate outlet.  In Hebb Lake, 23% of nests successfully produced dispersed 

fry compared to 42% in the Milipsigate outlet.  Of the thirteen nests identified in Hebb Lake, two of the 

successful nests were located adjacent to islands, while the remaining 11 nests were clustered near the 

inflow from the Milipsigate outlet (Figure 29). 

 

 
Table 4: Number of unsuccessful nests observed in Hebb Lake and the Milipsigate outlet and at which stage they were 

abandoned. 

Lake 
Abandoned 

at Class A 

Abandoned at 

Class B or C 

Abandoned 
(unsure of stage) 

Hebb Lake 4 4 2 

Milipsigate Outlet 12 5 2 
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Figure 27: Class A nest with an adult male guarding the nest; Figure 28: Class B nest with eggs present. 

 

 

 
Figure 29: A map of the smallmouth bass nests identified in Hebb Lake (white dot = unsuccessful nests; white dot with red 

center = successful nest). 

 

 

Physical characteristics were also measured and recorded for each of the nests identified in Hebb Lake 

and in the Milipsigate outlet (Table 5).  On average, nests in Hebb Lake were positioned further from 



 
Atlantic Whitefish Recovery Project 2012 Final Report 

 

 28  

 

the shoreline and in slightly deeper water than nests in the Milipsigate outlet.  In both areas the majority 

of nests were built using cobble substrate and were positioned adjacent to a large boulder. 

 

 
Table 5: Physical characteristics of nests identified in Hebb Lake and the Milipsigate outlet. 

Physical characteristics Hebb Lake 
Milipsigate 

Outlet 

Nest 
characteristics 

Average distance from shore (m) 9m 2.5m 

Average water depth (cm) 94cm 65cm 

Nest Cover 

Boulder 10 24 

Boulder and log - 1 

Log - 3 

Overhanging vegetation - 2 

No cover 3 3 

Substrate 

Rock - 1 

Rock and cobble 1 1 

Cobble 7 25 

Cobble and gravel 5 3 

Gravel - 3 

Detritus - - 

Other - - 

 

 

Smallmouth Bass Catch per Unit Effort (CPUE) Study 

 

A total of 236 smallmouth bass were angled and removed from the watershed during the CPUE study.  

All fish were angled using a spinner, rapala, shad dart, or artificial worm; however, the majority of 

smallmouth bass were angled using an artificial worm lure (Figure 30). 

 

 

 
Figure 30: Artificial worm lure used in smallmouth bass angling. 
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Between July 2012 and September 2012, a total of 540 minutes were spent angling in Hebb Lake, and 

during that time eight smallmouth bass were caught (Table 6).  The total number of smallmouth bass 

angled and the CPUE values were significantly higher in the other four bodies of water.  A total of 99 

smallmouth bass (CPUE 10.5 bass/hour) were angled from Minamkeak Lake, 70 smallmouth bass 

(CPUE 12.3 bass/hour) were angled from Milipsigate Lake, 41 smallmouth bass (CPUE 7.7 bass/hour) 

were angled from the Milipsigate outlet, and 12 smallmouth bass (CPUE 6.1 bass/hour) were angled 

from Minamkeak Brook (Figure 31; Figure 32; Figure 33).  During the angling surveys, smallmouth bass 

were the only species angled from Milipsigate Lake, Minamkeak Lake, and Minamkeak Brook; 

however, white perch were also angled from the Milipsigate outlet, and both white perch (Morone 

Americana) and an Atlantic whitefish were incidentally angled from Hebb Lake. 

 

 
Table 6: Number of smallmouth bass angled from the five fishing areas, the total amount of time spent angling, the estimated 

catch per unit effort (CPUE), and other incidentally angled species. 

Area 

Number of 

bass 

angled 

Total time 

spend 

angling 

(minutes) 

Estimated 
CPUE 

(# bass/hour) 
Other species angled 

Hebb Lake 8 540 0.9 

White perch; Atlantic whitefish; 

Yellow Perch (observed); Brown 

bullhead (observed); white 

sucker (observed); banded 

Killifish (observed) 

Milipsigate 

Outlet 
41 318 7.7 White perch 

Milipsigate Lake 70 341 12.3 None 

Minamkeak Lake 99 566 10.5 None 

Minamkeak 

Brook 
12 118 6.1 White sucker (observed) 
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Figure 31: Map of Minamkeak Lake and Minamkeak Brook showing locations where smallmouth bass were angled.  The size 

and values on the markers indicate the CPUE.  Those marked with a 10 may actually be higher as 10 was the maximum value 

available for use on the map. 

 

 

 
Figure 32: Map of Milipsigate Lake showing locations where smallmouth bass were angled and the corresponding CPUE 

values. 
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Figure 33: Map of Hebb Lake and the Milipsigate outlet showing locations where smallmouth bass were angled and the 

corresponding CPUE values. 

 

 

While angling for smallmouth bass in Hebb Lake, a 17.7 cm Atlantic whitefish was incidentally caught 

on August 31, 2012 using a Panther Martin spinner (UTM 20T 374860 4911012) (Figure 34).  The fish 

was measured, scale samples were extracted (the fish was aged at approximately 2 years), and it was 

safely released back into the water. 

 

 

 
Figure 34: Atlantic whitefish angled from Hebb Lake. 

 

 

Smallmouth Bass Biological Study 

 

All smallmouth bass angled during the CPUE study were retained for use in the biological study, along 

with 31 additional smallmouth bass angled from the Milipsigate outlet by Phillip Longue (DFO) between 
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May 11, 2012 and May 31, 2012, 12 smallmouth bass captured in or angled from the rotary screw trap 

in the Petite Rivière, and six smallmouth bass captured while electrofishing in Wallace Brook (Table 7).  

A total of 276 smallmouth bass were analysed, and of those fish, 53 fish were males, 97 were females, 

and the sex was not determined for 128 fish.  Overall, the average size of smallmouth bass angled from 

Hebb Lake and the Milipsigate outlet appeared to be slightly larger than fish angled from the other 

bodies of water. 

 

 
Table 7: Number of smallmouth bass sampled, the average total length and weight from each angling area, and the 

determined sex. 

Area 

Number of 

bass 

sampled 

Average 

total length 

(cm) 

Average 

weight 

(g) 

Sex 

Male Female Unknown 

Hebb Lake 8 24.5 216.2 4 2 - 

Milipsigate 

Outlet 
75 23.8 244.9 27 24 28 

Milipsigate 

Lake 
64 20.0 109.7 5 16 43 

Minamkeak 

Lake 
99 21.0 120.6 10 34 55 

Minamkeak 

Brook 
12 22.4 125.3 2 8 2 

Petite Rivière 12 18.0 78.9 3 9 - 

Wallace Brook 6 19.0 104.5 2 4 - 

Totals 276 - - 53 97 128 

 

 

Stomach contents were extracted from all smallmouth bass and examined.  Invertebrates were the 

most common prey type, 92 smallmouth bass had empty stomachs, 20 had consumed some type of 

fish, including white perch (11.2 cm), yellow perch (Perca flavescens) (10.5 cm), and creek chub 

(Semotilus atromaculatus) (5.7 cm).  Other prey items included a small rodent, bumble bee, and three 

fishing lures (Table 8). 
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Table 8: Total prey items removed from the stomachs of each smallmouth bass used in the biological study.  All smallmouth 

bass were caught between May 11, 2012 and September 29, 2012. 

Prey items 
Hebb 

Lake 

Milipsigate 

outlet 

Milipsigate 

Lake 

Minamkeak 

Lake 

Minamkeak 

Brook 

Petite 

Rivière 

Wallace 
Brook 

Empty 3 34 22 28 2 3  

Fishing lure  2  1    

Invertebrates 4 32 42 64 10 3 5 

Bumble bee    1    

Rodent       1 

Unidentified fish 1 8  3  2  

Unidentified 

perch 
 1 (8.3 cm)  2    

White perch  1 (11.2 cm)      

Yellow Perch  1 (10.5 cm)      

Creek Chub      
1 

(5.7 cm) 
 

Total stomachs 8 79 64 99 12 9 6 

% empty 

stomachs 
38% 43% 34% 28% 17% 33% 0% 

 

 

Atlantic Whitefish Life History Studies 

 

Rotary Screw Trap Study 

 

A rotary screw trap (RST) was installed in the Petite Rivière between April 21, 2012 and June 29, 2012.  

During that period, a total of 2,122 individual fish and 17 different species were captured, including 

American eel, Atlantic salmon, brook trout, smallmouth bass, brown bullhead (Ameiurus nebulosus), 

banded killifish (Fundulus diaphanous), Gaspereau, stickleback species, white perch, creek chub, 

golden shiner (Notemigonus crysoleucas), common shiner (Luxilus cornutus), sea lamprey 

(Petromyzon marinus), lake chub (Couesius plumbeus), American shad (Alosa sapidissima), white 

sucker (Catostomus commersonii), and yellow perch (Figure 35).  American eel was the most 

frequently captured species (1,455 individuals), followed by white sucker (167 individuals), white perch 

(138 individuals), Gaspereau (89 individuals), and banded killifish (83 individuals). 
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Figure 35: Total catch showing all species captured in the RST between April 21, 2012 and June 29, 2012. 

 

 

Total daily catch was greatest between June 2, 2012 and June 12, 2012.  During those 10 days, over 

30% of the total catch passed through the RST, and the total daily catch reached up to 96 individuals 

per day (Figure 36).  Total daily catch also decreased when water temperatures dropped to between 

9.9°C and 11.3°C from April 28, 2012 to May 6, 2012 (Figure 37).  RPM remained fairly constant 

throughout the study with an average RPM of 4.10.  Although water flow could be manipulated by 

adjusting the Indian Garden Farm’s cranberry gates, unusually low water levels kept RPM relatively 

low. 

 

 

 
 

Figure 36: Total number of fish caught in the RST each day. 
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Figure 37: Water temperature (°C) and drum rotations per minute (RPM) recorded each day. 

 

 

Although no Atlantic whitefish were caught in the RST, several species of interest were intercepted in 

the trap, including three Atlantic salmon smolt (Figure 38), two Atlantic salmon fry, nine brook trout 

(Figure 39), and two American shad (Figure 40).  The Atlantic salmon smolt ranged in size from 13.4 

cm to 24.5 cm and migrated downstream between April 23, 2012 and May 15, 2012 (Table 9).  The 

Atlantic salmon fry, which passed through the trap on June 17, 2012, measured 5.9 cm.  The two 

American shad measured 42 cm and 40 cm and brook trout size ranged from 19.9 cm to 42 cm in fork 

length. 

 

 

 
Figure 38: Atlantic salmon smolt captured in the RST on April 23, 2012. 
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Figure 39: Brook trout captured in the RST on April 29, 2012. 

 

 

 
Figure 40: American shad captured in the RST on May 20, 2012. 
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Table 9: Fork length, date, and water temperature when Atlantic salmon, American shad, and brook trout were captured in the 

RST. 

Species 
Fork length 

(cm) 
Date caught 

Water temperature 

(°C) 

Atlantic salmon smolt 22.5 April 23, 2012 n/a 

Atlantic salmon smolt 24.5 April 25, 2012 12.7 

Atlantic salmon smolt 13.4 May 15, 2012 16.6 

Atlantic salmon fry 5.9 June 17, 2012 18.4 

Atlantic salmon fry 5.9 June 17, 2012 18.4 

American shad 42 May 20, 2012 17.8 

American shad 40 May 23, 2012 18.4 

Brook trout 41 April 23, 2012 n/a 

Brook trout 24.5 April 27, 2012 14.4 

Brook trout 19.9 April 29, 2012 11.3 

Brook trout 42 May 10, 2012 13.7 

Brook trout 24 May 22, 2012 18.6 

Brook trout 29.9 May 25, 2012 17.1 

Brook trout 28.2 June 2, 2012 18.5 

Brook trout 34.4 June 12, 2012 17.6 

Brook trout 26.5 June 24, 2012 20.1 

 

 

The following four figures provide information on the migratory patterns and spawning periods of other 

freshwater and diadromous fish species using the Petite Rivière.  The Gaspereau population made 

their spawning run upstream and their return to sea between late-May and mid-June 2012 (Figure 41).  

The two American shad were intercepted in the trap during the Gaspereau run on May 20, 2012 and 

May 23, 2012.  White perch were captured in the trap throughout the entire sampling period; however, 

they were present in much larger numbers during April and May (Figure 42).  Yellow perch followed a 

similar trend but their capture was less frequent.  White suckers were also frequently intercepted in the 

trap throughout the entire sampling period.  The white sucker catch was particularly high near the end 

of April and in mid- to late-May and white sucker fry were captured near the end of June (Figure 43).  

During the sampling period, 54 mature sea lampreys were also intercepted in the trap between May 20, 

2012 and June 15, 2012 (Figure 44). 
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Figure 41: Total Gaspereau and American shad catch in the RST between April 21, 2012 and June 29, 2012.  GASP = 

Gaspereau; SHAD = American shad. 

 

 

 
 
Figure 42: Total perch catch in the RST between April 21, 2012 and June 29, 2012.  WP = white perch; YP = yellow perch. 
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Figure 43: Total white sucker catch in the RST between April 21, 2012 and June 29, 2012.  WS = adult white sucker; WS FRY 

= white sucker fry. 

 

 

 
 
Figure 44: Total lamprey catch in the RST between April 21, 2012 and June 29, 2012.  LAMP1 = juvenile lamprey; LAMP 2 = 

mature lamprey. 

 

 

American eel was the most abundant species caught in the RST and made up 69% of the total catch.  

A total of 1,455 American eels were intercepted in the trap between April 21 and June 29, 2012 (Figure 

45).  The eels ranged in size from 10 cm to 72 cm, with over 90% measuring under 35 cm (Figure 46). 
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Figure 45: Total American eel catch in the RST between April 21, 2012 and June 29, 2012. 
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Figure 46: The size range of American eels caught in the RST. 
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Milipsigate Dam Trap Net 

 

During the six days the trap net was fished, 1,145 white perch were captured along with 186 white 

suckers, 11 smallmouth bass, eight American eels, two yellow perch, one creek chub, and one golden 

shiner (Table 10). 

 

 
Table 10: Total number of fish caught in the DFO trap net between May 7, 2012 and May 14, 2012. 

 
American 

Eel 

Creek 

Chub 

Golden 

Shiner 

Smallmouth 

Bass 

White 

Perch 

White 

Sucker 

Yellow 

Perch 

Number 

of fish 

caught 

8 1 1 11 1145 186 2 

 

 

Electrofishing Studies 

 

Hebb Lake Dam Fish Health Collections 

 

Brook trout were collected from the Petite Rivière watershed as part of the required fish health 

screening prior to the opening of the Hebb Lake Dam Fish Passage Facility (Table 11).  A total of 22 

trout were collected from above the Hebb Lake Dam (9 from Wildcat Brook and 13 from Frederick’s 

Brook) and 23 trout were collected from below the Hebb Lake Dam (7 from Wallace Brook and 16 from 

Brown Branch Brook).  All trout were analysed and tested for disease and parasites.  All of the fish 

tested were confirmed healthy.  Other species observed while electrofishing included creek chub, 

yellow perch, American eel, lamprey, white suckers, banded killifish, smallmouth bass, brown bullhead, 

and Atlantic salmon parr. 

 

 
Table 11: Data obtained from the fish health collections prior to the opening of the Hebb Lake Dam Fish Passage Facility. 

 Location Date 

Water 

Temperature 

(C) 

Adult 

Brook 

Trout 

Juvenile 

Brook 

Trout 

Total 

Above Hebb 

Lake Dam 

Wildcat Brook May 22, 2012 n/a 2 7 9 

Frederick’s Brook May 22, 2012 n/a 12 1 13 

Below Hebb 

Lake Dam 

Wallace Brook June 5, 2012 15.9 7 0 7 

Brown Branch Brook June 5, 2012 12.2 9 7 16 

 

 

Weagle’s Dam Species Presence or Absence Survey 

 

No Atlantic whitefish were observed during the electrofishing survey in the Weagle’s Dam outlet on July 

12, 2012; however, one brook trout measuring 25.2 cm was observed (Figure 47).  Additional species 

observed include American eel, white sucker, white sucker fry, yellow perch, smallmouth bass fry, and 
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unidentified fry (Table 12).  This information was requested by the Nova Scotia Department of 

Transportation and Infrastructure Renewal prior to road repaving and bridge reconstruction work. 

 

 
Table 12: Data obtained from the electrofishing survey conducted in the Weagle’s Dam outlet on July 12, 2012. 

Location Date 
Water 

Temperature 

Conductivity 

(mS/cm) 
Species 

Fork 

Length 

(cm) 

Weagle’s 

Dam Outlet 
July 12, 2012 20.5 88 

American Eel 43 

Brook Trout 25.2 

White Sucker Fry 3.5 

White Sucker Fry 3.4 

White Sucker Fry 2.9 

Smallmouth Bass Fry 1.7 

Unidentified Fry 2.5 

Unidentified Fry 2.7 

Unidentified Fry 2.7 

White Sucker 12.2 

White Sucker 16.4 

White Sucker 15.9 

White Sucker 14.0 

White Sucker 7.8 

Yellow Perch 14.6 

 

 

 
Figure 47: A 25.2 cm brook trout observed wile electrofishing the Weagle’s Dam outlet. 

 

 

Monitoring and Sampling Activities at the Hebb Lake Dam Fish Passage Facility 

 

A total of 79 fish were intercepted at the Hebb Lake Dam Fish Passage Facility Trap between 

September 24, 2012 and December 12, 2012, including 36 white suckers, 19 Atlantic whitefish, 13 
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brook trout, 4 Atlantic salmon, 3 smallmouth bass, and 2 white perch (Table 13).  According to the 

Hebb Lake Dam Fish Passage Facility Interim Monitoring Plan, all species aside from wild Atlantic 

whitefish, wild Atlantic salmon, brook trout, and American eel must be released downstream of the 

Hebb Lake Dam.  A total of 37 native anadromous fish were able to ascend into Hebb Lake for the first 

time in over 100 years.  The sampling data recorded for all species captured in the trap, including those 

that were released downstream and sacrificed, are presented in Appendix A. 

 

 
Table 13: The number of species intercepted at the Hebb Lake Dam Fish Passage Facility and the first and last day each 

species was observed in the fishway. 

 
Atlantic 

Whitefish 

Atlantic 

Salmon 
Brook Trout 

American 

Eel 

Smallmouth 

Bass 

White 

Sucker 

White 

Perch 

# of fish 19 4 13 2 3 36 2 

First 

Arrival 
21 Oct 2012 19 Nov 2012 6 Oct 2012 4 Oct 2012 24 Sept 2012 24 Oct 2012 4 Oct 2012 

Last 

Arrival 
2 Nov 2012 19 Nov 2012 24 Nov 2012 16 Oct 2012 11 Oct 2012 14 Nov 2012 9 Oct 2012 

 

 

All Atlantic whitefish ranged in size from 28.5 cm to 33.5 cm and, aside from one fish which entered the 

tap on October 21, 2012, the entire Atlantic whitefish run arrived in the fishway on November 2, 2012 

(Figure 48).  Of the 19 Atlantic whitefish intercepted at the fish passage facility, only one showed 

obvious signs of hatchery rearing and was not permitted to ascend into Hebb Lake and was released 

below the dam (Figure 49).  Four Atlantic salmon were also intercepted at the Hebb Lake Dam Fish 

Passage Facility on November 19, 2012, including one large female (70 cm) and three smaller males 

(27.2 cm, 29 cm, and 31 cm) (Table 14; Figure 50).  Fulton’s condition factor (K) was used to estimate 

the condition of the Atlantic whitefish and Atlantic salmon based on a weight to length ratio.  All K 

values were above 1.0, which indicates relatively healthy sized wild fish (Bhattacharya and Bank 2012; 

Oparaku and Mgbenka 2012). 
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Table 14: Catch data for Atlantic whitefish and Atlantic salmon. 

Date 

Water 

Temperature 

(°C) 

Species 

Fork 

Length 

(cm) 

Weight 

(g) 

Condition 

Factor 

(K) 

Sex 
Scale 

Sample 

DNA 

Sample 
Released 

21-Oct 14.2 Atlantic Whitefish 31.0 - n/a - Y Y Upstream 

2-Nov 

 

12.8 

 

Atlantic Whitefish 31.0 330.0 1.11 - Y Y Upstream 

Atlantic Whitefish 30.5 320.0 1.13 - Y Y Upstream 

Atlantic Whitefish 31.0 320.0 1.07 - Y Y Upstream 

Atlantic Whitefish 32.0 400.0 1.22 - Y Y Upstream 

Atlantic Whitefish 29.2 290.0 1.16 - Y Y Upstream 

Atlantic Whitefish 31.2 330.0 1.09 - Y Y Upstream 

Atlantic Whitefish 33.5 450.0 1.20 - Y Y Upstream 

Atlantic Whitefish 33.5 440.0 1.17 - Y Y Upstream 

Atlantic Whitefish 30.9 350.0 1.19 - Y Y Upstream 

Atlantic Whitefish 31.4 330.0 1.07 - Y Y Upstream 

Atlantic Whitefish 30.0 280.0 1.04 - Y Y Upstream 

Atlantic Whitefish 31.7 380.0 1.19 - Y Y Upstream 

Atlantic Whitefish 31.9 360.0 1.11 - Y Y Upstream 

Atlantic Whitefish 32.8 380.0 1.08 - Y Y Upstream 

Atlantic Whitefish 31.4 340.0 1.10 - Y Y Upstream 

Atlantic Whitefish 28.5 250.0 1.08 - Y Y Upstream 

Atlantic Whitefish 33.5 450.0 1.20 - Y Y Downstream 

Atlantic Whitefish 33.5 450.0 1.20 - Y Y Upstream 

19-Nov 5.9 

Atlantic Salmon 31.0 400.0 1.34 M N N Upstream 

Atlantic Salmon 27.2 340.0 1.69 M Y Y Upstream 

Atlantic Salmon 29.0 - n/a M Y Y Upstream 

Atlantic Salmon 70.0 3520.0 1.03 F Y Y Upstream 

 

 

 

  
 

 
Figure 48: A healthy Atlantic whitefish.            Figure 49: Atlantic whitefish with full adipose clip. 
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Figure 50: Atlantic salmon captured in the Hebb Lake Dam Fish Passage Facility on November 19, 2012. 

 

 

Scale and DNA samples were extracted from the Atlantic whitefish and Atlantic salmon intercepted at 

the fish passage facility (Figure 51).  The Atlantic salmon scale and DNA samples have been preserved 

for future analyses.  Although experience reading whitefish scales is limited, all of the Atlantic whitefish 

sampled appeared to be in the age range of five to six years old and also appeared to have spent their 

entire life in freshwater.  The adipose-clipped Atlantic whitefish, which was determined to be of hatchery 

origin, may have been among the fish released in the lower Petite Rivière on June 4, 2008 (Table 15).  

DNA analyses and further scale sample analyses (i.e., stable isotope analyses) could confirm whether 

or not the Atlantic whitefish have visited the ocean. 
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Figure 51: A scale used for aging one of the Atlantic whitefish sampled from the Hebb Lake Dam Fish Passage Facility. 

 

 
Table 15. A summary of the hatchery releases in the lower Petite Rivière between 2007 and 2009. 

Release Date Number 
Spawning 

year 

Weight 

(g) 

Fork length 

(cm) 
Mark 

Age at 

release 

May 15, 2007 3000 2004 90 20 full adipose clip 2yr + 

May 21, 2007 15 2004 90 20 hydroacoustic tag 2yr + 

Oct 5, 2007 3000 2004 150 24 posterior adipose punch 2yr + 

Oct 25, 2007 2500 2004 150 24 anterior adipose punch 2yr + 

Nov 2, 2007 20 2004 150 24 anterior adipose punch 2yr + 

Nov 9, 2007 200 2004 150 24 anterior adipose punch 2yr + 

Nov 9, 2007 40 2004 150 24 hydroacoustic tag 2yr + 

Jun 4, 2008 1750 2005 100 21 full adipose clip 2yr + 

Mar 11, 2009 1500 2005 120 23 
Right pectoral VIE 

red/pink 
3yr + 

Information provided by DFO’s Mersey Biodiversity Facility 
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Discussion 
 

Outreach and Education 

 

Educating local residents, community groups, anglers, and students is an important aspect in raising 

awareness about the plight of the Atlantic whitefish.  School presentations, which focused on Atlantic 

whitefish identification, local species at risk, and environmental education, were very well received by 

both the students and their teachers.  By targeting local youths BCAF has helped: 

 

 Create a greater appreciation for the natural environment and local species at risk 

 Create a better understanding of negative and positive environmental impacts 

 Share valuable knowledge with local students that can be passed on to friends and families 

within the community 

 Generate an interest in reporting and recording species at risk sightings 

 

BCAF’s attendance at local festivals, events, and farmer’s markets provided interested individuals with 

the opportunity to voice their concerns, ask questions, and to learn more about the Atlantic whitefish.  

Educational and outreach materials, such as boaters cards, fish identification cards, activity books, and 

pamphlets were distributed at these events to help promote public awareness. 

 

Future outreach activities will include local school presentations, as well as additional environmental 

education programs targeting local youth.  BCAF will continue to visit local Provincial Parks and attend 

local festivals and events in Bridgewater, Mahone Bay, and Lunenburg.  Additional events in the Petite 

Rivière and Lahave River communities will also be considered (i.e., the Petite Rivière Winery, the Petite 

Rivière Fire Hall, or Fort Point Museum). 

 

Water Quality Monitoring and Habitat Restoration 

 

Compared to other rivers in Southwest Nova Scotia, the water quality within the Petite Rivière is 

generally considered to be good.  Temperature is often considered the most important water quality 

parameter for fish, as it has a direct effect on growth rates, reproduction, feeding capacity, metabolism, 

and it also triggers migration patterns (Brett 1979; NSSA 2005).  The habitat preferences and upper 

tolerable limits outlined in the Habitat Suitability Index Models for Brook Trout (Raleigh 1982) are often 

used as guidelines for evaluating salmonid habitat in Nova Scotia.  These guidelines suggest an upper 

tolerable temperature limit for brook trout of between 22-25°C (Raleigh 1982; NSSA 2005). 

 

To explore the thermal tolerance specifically for Atlantic whitefish, Cooke et al. (2010) used captive-

bred Atlantic whitefish to evaluate their ability to resist changes in temperature and to determine an 

optimal and a maximum temperature for growth.  They discovered that optimal growth occurred at 

16.5°C and that growth ceased when water temperatures exceeded 24.6°C.  Atlantic whitefish were 

found to have similar temperature thresholds to Atlantic salmon, which are able to tolerate 
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temperatures between 22-28°C over extended periods of time (i.e., days to weeks); however, 

temperatures exceeding 30°C can be lethal (Elliot 1991; Elliot and Elliott 2010).  Temperatures at all 

sites remained below 28°C throughout the year and were considered acceptable for Atlantic whitefish.  

Since temperatures in the watershed reached the tolerable range for native brook trout, temperature 

monitoring should continue throughout the year, especially during the summer months. 

Many of the rivers in Southwest Nova Scotia are prone to acidification, which has been identified as a 

major factor contributing to the decline of many salmonid species throughout the region.  As with most 

species, pH tolerance is life-stage dependant for Atlantic whitefish (Cook et al. 2010).  Egg survival 

deceases significantly when pH levels fall below 5.0, and larval and juvenile survival decreases when 

pH levels fall below 4.5 (Cook et al. 2010).  Fortunately, the buffering capacity in the Petite Rivière 

helps maintain a relatively healthy pH throughout the river system.  Water quality monitoring showed 

that sites within the three lakes (Minamkeak Dam, Milipsigate Dam, Weagle’s Dam outlet, and Hebb 

Lake Dam) and within the main branch of the river (Hebb Lake outlet, Conquerall Mills, Italy Cross 

Intersection, and Crousetown Dam) maintained pH levels well above 5.0.  However, greater fluctuations 

in pH existed among the tributary streams.  pH levels dropped below 5.0 in all streams except Wallace 

Brook and the lowest pH reading was taken from Wildcat Brook in February 2012 (pH = 4.04).  A low 

pH level in Wildcat Brook is a concern as it is the main tributary feeding into Hebb Lake.  With the 

opening of the fish passage facility and with restricted access into Milipsigate Lake, this brook could be 

critical habitat for anadromous salmonids and other species.  Wildcat Brook runs alongside three shale 

pits with extremely low pH levels (pH = 3.82, October 2012) and during periods of heavy rain it is likely 

that runoff from the shale pits could be creating an acidic environment in the lower portion of the 

stream. 

 

Conversations with local anglers indicated that due to the acidic conditions, trout fishermen generally 

fish upstream of the shale pits and additionally, no trout were observed downstream of the shale pits 

during the electrofishing studies.  These two observations combined with the water quality data 

triggered an interest in monitoring the pH levels in this stream.  Consequently, a more thorough pH 

monitoring program is recommended for Wildcat Brook, both upstream and downstream of the shale pit 

areas, and a shale pit remediation or liming project should also be explored. 

 

Conductivity varies among sampling areas depending on local geology.  Higher conductivity levels can 

increase salmonid productivity; however, significant increases may indicate a pollution source (Raleigh 

1982, Beher 1997).  Conductivity levels were most variable among the tributary streams.  Increases in 

conductivity may be a result of post-rainfall runoff, particularly within Wildcat Brook and Birch Brook 

which lie adjacent to excavation pits.  Within the main branch of the river, the Italy Cross site had 

notably higher conductivity readings compared to the other sites.  Elevated conductivity levels in this 

area are likely due to storm water or road runoff.  The Weagle’s Dam outlet was another site of 

concern.  Throughout the winter, spring, and fall there was very little variation in conductivity among the 

four lake sites; however, between June 2012 and October 2012, conductivity levels in the Weagle’s 

Dam outlet drastically increased to a high of 225 mS/cm.  During periods of low water, Weagle’s Dam is 

used to maintain sufficient water levels within Hebb Lake, and as a result, very little water passed over 

the structure during the 2012 summer.  Consequently, water levels became extremely low, algae 

flourished, and conductivity levels increased.  This channel also runs adjacent to a propane distribution 
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site and during periods of low water, a large amount of industrial debris including tanks, cement blocks, 

and metals were visible.  In August 2012, the Nova Scotia Department of Transportation and 

Infrastructure Renewal began a repaving project, which involved decommissioning and reconstructing 

the Fletcher Hebb Bridge.  Additional dust and debris would have fallen into the water and contributed 

to the elevated conductivity readings between August and October 2012.  A debris removal project and 

further water quality monitoring within the Weagle’s Dam outlet should be considered to ensure suitable 

fish habitat within this channel. 

 

Dissolved oxygen is also an important water quality parameter for salmonids, which require highly 

oxygenated water.  Cool, fast moving water holds more oxygen than warmer water; however, the 

demand for oxygen increases in warmer water as the fish’s metabolism increases (NSSA 2005).  As no 

studies have explored the dissolved oxygen requirement specifically for Atlantic whitefish, the Habitat 

Suitability Index Models for Brook Trout suggests that dissolved oxygen concentrations should not fall 

below 5 mg/l, and that ideal levels should remain above 7 mg/l at temperatures <15°C; and above 9 

mg/l at temperatures ≥15°C (Raleigh 1982).  Although readings at all sites dipped below acceptable 

levels, functional issues with the dissolved oxygen probe may have resulted in inaccurate readings.  

According to the readings, Hebb Mill Brook was the only site where the dissolved oxygen concentration 

fell below 5 mg/L, which is considered to be the minimum tolerable level for salmonids (Raleigh 1982).  

Hebb Mill Brook is fed by a stagnant marsh and the low dissolved oxygen concentration could have 

been a result of an abundance of decomposing organic material within that body of water.  Although, 

the in-stream water quality of the Petite Rivière system is considered to be acceptable for Atlantic 

whitefish, further water quality monitoring at Hebb Mill Brook, Wildcat Brook, and the Weagle’s Dam 

outlet should be considered. 

 

Unfortunately, the originally proposed habitat restoration project was not completed due to conflicts 

among land owners.  However, several projects have been explored for the 2013 and 2014 seasons.  

The proposed projects will focus on improving fish passage around current barriers (Crousetown Dam, 

Milipsigate Dam, and Minamkeak Dam) and improving in-stream fish habitat within Wildcat Brook and 

the Weagle’s Dam outlet. 

 

Invasive Species Monitoring 

 

Until the spring of 2012, smallmouth bass nests had not been observed in Hebb Lake.  A lack of 

suitable spawning habitat was believed to be the primary reason for the lack of nesting in this area.  

However, the 2012 nest surveys confirmed the presence of suitable habitat and successful smallmouth 

bass reproduction in Hebb Lake.  Smallmouth bass nest construction began in mid-May when water 

temperatures approached 16°C.  Spawning activity and nest occupation continued until early July.  

Smallmouth bass typically nest in calm, shallow areas, with rocky substrate, adjacent to some form of 

cover, such as a log or boulder (Scott and Crossman 1973, Robbins and MacCrimmon 1974, Funnell 

2012).  Within the three lakes, the number of nests and the nest success rate progressively decreased 

from Minamkeak Lake (59% in 2010 (NSDFA data)) through to Hebb Lake (23% in 2012).  In both 

Hebb Lake and the Milipsigate outlet, nests were preferentially composed of a cobble substrate and 

positioned adjacent to a boulder for cover and predator protection.  Of the nests monitored, 16 were 

abandoned prior to containing eggs and nine were abandoned after the female had deposited her eggs.  
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Nest success can be affected by sudden changes in temperature, shifts in water levels, natural 

predation, fungal infections, and angling pressure (Shroyer and McComish 2000, Funnell 2012).  In the 

Petite Rivière lakes, several unsuccessful nests were visibly affected by fungal infection and predatory 

invertebrates.  Additionally, the nest success rate within the Milipsigate outlet may have been skewed 

by the removal of 31 smallmouth bass (18 males) during the spawning period.  Throughout the nesting 

period, males are particularly aggressive and are more frequently attracted to lures while guarding their 

nests (Jordan 2001, Suski and Philip 2004, Funnell 2012).  Since only a portion of the male smallmouth 

bass population spawn each spring, the removal of guarding males can lead to a decrease in offspring 

survival by exposing eggs and fry to predators (Ridgeway and Freisen 1992, DFO 2009b). 

 

For several years, smallmouth bass have been successfully angled in Milipsigate Lake and Minamkeak 

Lake, but until July 2012, smallmouth bass had not been observed during previous angling surveys 

conducted by BCAF in Hebb Lake.  The CPUE study focused on targeting smallmouth bass below 

Milipsigate Dam to determine if the population had spread into Hebb Lake.  A total of eight smallmouth 

bass were angled from Hebb Lake providing an estimated CPUE value of approximately one fish per 

hour.  The nest and angling data provided solid evidence that smallmouth bass are successfully living 

in Hebb Lake. 

 

Although smallmouth bass were the only species targeted while angling, there appeared to be a link 

between high smallmouth bass CPUE and a reduction in species biodiversity through incidental catch.  

Smallmouth bass were the only species angled from Milipsigate Lake and Minamkeak Lake; however, 

white perch were incidentally caught in the Milipsigate outlet, and both white perch and Atlantic 

whitefish were angled in Hebb Lake.  As voracious feeders, invasive smallmouth bass are capable of 

outcompeting native species, which allows them to thrive in their new environment.  They have been 

known to alter the small-bodied fish community composition and contribute to reduced aquatic 

biodiversity (McRae and Jackson 2001, Brown et al. 2009).  Due to their mouth size, small-bodied fish 

populations and juveniles are susceptible to invasive piscivorous predators, which have been shown to 

eliminate or severely reduce small-bodied fish abundance and diversity (Jackson 1988, McRae and 

Jackson 2001).  Consequently, substantial declines in salmonid and other native species populations 

have been linked to smallmouth bass introductions (Valois et al. 2009).  For these reasons, a thriving 

smallmouth bass population in Hebb Lake is considered a threat to the survival of the Atlantic whitefish 

population. 

 

Invertebrates were the most common prey item consumed by the smallmouth bass analysed in this 

study.  Small fish were found in the stomachs of smallmouth bass angled from Hebb Lake, the 

Milipsigate outlet, Minamkeak Lake, and the main branch of the Petite Rivière.  Although the majority of 

prey fish were unidentifiable, white perch, yellow perch, and creek chub were positively identified as 

prey.  A high percentage of the smallmouth bass analysed contained empty stomachs.  One of the 

limitations of stomach content analyses is that smallmouth bass often regurgitate when stressed or 

angled (J. Leblanc, personal communication, June 2012).  Although smallmouth bass have been shown 

to consume salmonids during periods of spatial and temporal overlap (Pflug and Pauly 1984), in this 

particular study, smallmouth bass did not appear to specifically target salmonids as prey.  However, the 

wide range of prey items suggests that smallmouth bass are “generalist” feeders and will consume the 

most abundant food type available at a particular time (Griffiths 1975; Pflug and Pauly 1984).  Valoit et 
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al. (2009) also suggests that smallmouth bass may at times preferentially feed on insects due to ease 

of catch and a consequently higher energy return compared to actively seeking out and preying on 

small fish. 

 

Average smallmouth bass body size varied slightly among the different sampling areas.  Smallmouth 

bass angled from areas with a high CPUE values (Milipsigate Lake and Minamkeak Lake) appeared to 

have a smaller average body size.  This finding could be attributed to increased competition, reduced 

biodiversity, and limited food availability to support the rapidly expanding smallmouth bass population.  

Scale samples were also extracted from each fish for analyses and will be used in combination with the 

length and weight data to estimate age structure and to calculate growth rates. 

 

A Petite Rivière invasive species mitigation program should focus on controlling smallmouth bass 

establishment below Milipsigate Dam, and particularly within Hebb Lake.  A single smallmouth bass 

nest can successfully produce 2,000 fry (Scott and Crossman 1973); therefore, while smallmouth bass 

abundance is still relatively low, a mitigation plan involving methods to control range expansion and 

manage reproduction should be explored without delay.  Possible control tactics include nest 

destruction and the removal of guarding males during the spawning period.  The results of the stomach 

content analyses also suggest that sampling earlier in the spring, while smallmouth bass are feeding 

heavily prior to spawning, and when there are potential spatial or temporal overlaps with migrating 

Atlantic whitefish juveniles, might more accurately indicate whether or not smallmouth bass are preying 

on juvenile Atlantic whitefish.  Mitigation measures can be effective if the presence of an invasive 

aquatic species is detected early and a management plan is quickly implemented.  The most successful 

invasive species mitigation programs involve the use of multiple techniques to control or eliminate 

aquatic invasives (DFO 2009b).  Since all of the smallmouth bass nests found in Hebb Lake were 

positioned close to the Milipsigate outlet, it is possible that despite management initiatives there will be 

a constant supply of smallmouth bass attempting to expand their range into Hebb Lake.  Consequently, 

any smallmouth bass mitigation plan designed for Hebb Lake will need to be continuous. 

 

Atlantic Whitefish Life History Studies 

 

Rotary Screw Trap Study 

 

Although no Atlantic whitefish were caught in the RST, the study provided valuable information on the 

fish community composition within the river.  The RST also provided information on the migratory 

patterns and spawning period of other diadromous and freshwater species.  Three Atlantic salmon 

smolt were intercepted in the trap between April 23, 2012 and May 15, 2012, and two Atlantic salmon 

fry were caught on June 17, 2012.  Historically, Atlantic salmon would have freely migrated between the 

Petite Rivière lakes and the ocean until the construction of the Hebb Lake Dam.  Atlantic salmon in the 

Southern Uplands of Nova Scotia typically migrate towards the ocean between April and June.  

However, a specific migration time has not been documented for either Atlantic salmon or Atlantic 

whitefish in the Petite Rivière.  The Atlantic salmon smolt and fry captures in the RST provide evidence 

that diadromous fish are still migrating upstream as far as the Hebb Lake Dam and are likely spawning 

in this area.  The first smolt was intercepted in the trap on the third day of operation.  The unusually 

warm water temperatures in the spring of 2012 might have triggered a slightly earlier seaward migration 
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time.  Consequently, in future years, the RST should be installed earlier in the season (mid-March 

2013) to increase the chance of capturing downstream migrating Atlantic whitefish. 

 

Gaspereau are commonly observed and fished in the Petite Rivière during their upstream spawning 

migration each spring.  The Gaspereau run in Nova Scotia occurs between April and July each year.  

During this time, Gaspereau spawn in freshwater lakes and ponds, and return to the ocean within a few 

days.  During this study, 86 Gaspereau and two American shad were intercepted in the RST.  The 

capture of American shad was unexpected as they do not usually migrate as far upstream as their 

Gaspereau relatives.  The precise spawning migration time for American shad depends on water 

temperature and usually occurs between May and June in Nova Scotia.  American shad typically begin 

spawning when water temperatures reach 12C and peak spawning occurs at temperatures between 

13C and 18C (Walburg 1960, Scott and Crossman 1973, Williams and Daborn 1984).  Water 

temperatures in the Petite Rivière ranged from 17.8C to 19.2C between May 20, 2012 and May 23, 

2012.  This suggests that the two captured American shad may have been either fish that were unable 

to find appropriate spawning habitat and were forced to descend after reaching the base of the Hebb 

Lake Dam or they may have been post-spawners returning to the ocean. 

 

White sucker and white perch were the second and third most abundant species caught in the RST.  In 

the Petite Rivière, adult white suckers were steadily captured throughout the entire sampling period and 

several white sucker fry were captured in the trap near the end of June.  White suckers are freshwater 

fish, which typically spawn between May and June in Nova Scotia.  They begin migrating upstream 

towards their spawning grounds when temperatures reach 10C and spawning activity generally 

continues until water temperatures exceed 18C (Olson 1963, Twomey et al. 1984).  White suckers 

typically prefer spawning in shallow gravel riffles with moderate water flow.  Fertilized eggs hatch within 

8 to 11 days and the fry remain nestled amongst the gravel for approximately two weeks before they 

begin migrating downstream (Twomey et al. 1984, NSDFA 2007b).  The white sucker data obtained 

through the RST study are consistent with the documented movements of spawning adults and the 

migration time of fry. 

 

White perch are capable of living in both freshwater and saltwater and can migrate long distances to 

spawn (Stanley and Danie 1983).  Although certain populations are considered semianadromous, it is 

likely that the white perch captured in the RST were primarily freshwater inhabitants.  White perch 

spawning activity typically occurs at water temperatures between 11C and 16C (NSDFA 2007a).  The 

catch frequency for white perch in the RST was highest between late-April ant late-May, which could 

correspond with either the movement of migrating fish or the movement of local freshwater residents 

(Hardy 1968, Wang and Kernehan 1979, Holsapple and Foster 1975, Stanley and Danie 1983). 

 

The sea lamprey, another native anadromous species, was frequently captured in the RST between 

mid-May and mid-June.  As an invasive species in the Great Lakes Region, sea lampreys have had 

devastating effects on the local sport and food fisheries; however, in their native habitat, such as in the 

Petite Rivière, they are beneficial to the ecosystem in several ways (Kircheis 2004).  Sea lampreys are 

among the most primitive living vertebrates and have co-existed with other native species for thousands 

of years (Kircheis 2004).  When mature sea lampreys begin their freshwater spawning migration, their 

digestive system degenerates and they stop feeding (Kircheis 2004).  While building spawning nests, 
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sea lampreys move stones, loosen substrate, and clean away silt, which increases the movement of 

oxygen rich waters through the gravel river beds and creates attractive spawning areas for salmonid 

species (Kircheis 2004).  In northern climates, sea lampreys typically begin spawning in late-May and 

continue into early-summer, when water temperatures range between 17C and 19C (Applegate 1950, 

Beamish 1980, Kircheis 2004).  Since sea lampreys die shortly after spawning and all individuals were 

captured as seemingly healthy fish in water temperatures between 15C and 19.5C, it is possible that 

the majority of captured lampreys may have been either preparing to spawn or descending the river in 

search of spawning habitat after reaching the base of the Hebb Lake Dam. 

 

The American eel was the most abundant species caught in the RST, representing 69% of the total 

catch.  It is a catadromous species, which is abundant throughout Nova Scotia’s freshwater and coastal 

environments.  Although the American eel spends the majority of its life in freshwater, the entire 

sexually mature population migrates to the Sargasso Sea to spawn.  After hatch, larval eels (termed 

leptocephalus) drift with the ocean currents and are passively distributed throughout the eastern coast 

of North America (DFO 2006b).  The leptocephali undergo a metamorphosis stage and develop into 

glass eels as they approach the shoreline.  By the time glass eels reach the estuaries they have 

developed into elvers and are capable of actively ascending into freshwater systems.  American eels 

generally reach the yellow eel life stage once they have exceeded 10 cm in length and remain as a 

yellow eel until they reach sexual maturity (Hammond 2003, Stevens 2011).  Typically, American eels 

mature after seven to 24 years of age depending on food availability and environmental conditions, 

which influence growth rates (Stevens 2011).  Prior to commencing their downstream spawning 

migration to the Sargasso Sea, yellow eels undergo a series of physiological changes and transform 

into fully mature silver eels (Oliveria 1999, Stevens 2011).  At maturity, American eels typically exceed 

35 cm in length, but can reach lengths well over a meter (Stevens 2011).  Although 9% of the eels 

intercepted in the RST exceeded 35 cm in length, all captured individuals were in the yellow eel life 

stage. 

 

Fisheries and Oceans Canada Trap Net 

 

No Atlantic whitefish were caught using the DFO trap net.  Although, in previous years, broodstock 

used for the captive breeding program were angled from the area and several Atlantic whitefish were 

also observed swimming in the same area earlier in the 2012 season.  The trap net was only set and 

fished for a total of six days.  The lack of Atlantic whitefish captures was likely due to the short sampling 

period and position of the trap net. 

 

Electrofishing Studies 

 

Hebb Lake Dam Fish Health Collections and Weagle’s Dam Species Presence or Absence 

Survey 

 

The Atlantic whitefish population is critically low and a catastrophic event or the introduction of disease 

could put the last remaining Atlantic whitefish population at risk of extinction.  Consequently, fish health 

testing was required prior to the opening of the Hebb Lake Dam Fish Passage Facility and the 

intermixing of salmonids from above and below the dam.  All of the brook trout collected while 
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electrofishing were tested and confirmed to be healthy.  Electrofishing was also selected as the most 

appropriate sampling method to determine whether or not Atlantic whitefish were using the Weagle’s 

Dam outlet as habitat prior to disruptive bridge reconstruction work.  Although no Atlantic whitefish were 

observed in the outlet, several other species were present including brook trout. 

 

During the electrofishing surveys, a few additional habitat concerns became apparent.  Firstly, while 

collecting brook trout for the fish health testing, no salmonid species were observed in the lower section 

of Wildcat Brook, just downstream from the shale pits.  This could be a result of the lower pH level 

caused by shale pit runoff during periods of heavy rain.  Secondly, the quality of habitat within the 

Weagle’s Dam outlet was considered to be poor during the summer months.  Large quantities of algae 

and debris including cement blocks, oil cans, metals, and other pieces of garbage were visible at low 

water.  Habitat improvement projects should be considered for these two areas. 

 

Monitoring and Sampling Activities at the Hebb Lake Dam Fish Passage Facility 

 

For the first time in over 100 years, diadromous fish in the Petite Rivière were permitted to ascend into 

the upper watershed through the Hebb Lake Dam Fish Passage Facility.  Although seven species were 

intercepted at the fish passage facility, only wild Atlantic salmon, wild Atlantic whitefish, brook trout, and 

American eel were permitted to ascend into Hebb Lake according to DFO’s Hebb Lake Dam Fish 

Passage Facility Interim Monitoring Plan.  All other species intercepted in the trap including white 

sucker, white perch, smallmouth bass, and hatchery-released Atlantic whitefish were released 

downstream.  Although the long term goal of the fish passage facility is to allow all native wild species 

to pass freely into the upper watershed, a precautionary approach to fish passage was implemented in 

the initial phase to ensure that any new fish ascending into Hebb Lake would not have a negative 

impact on the Atlantic whitefish population.  Data collected in the initial phase of operation will be 

reviewed and used to improve the operation, monitoring, and sampling protocols for future phases. 

 

Further introduction of smallmouth bass into Hebb Lake through the fish passage facility has been 

identified as a major threat to the Atlantic whitefish population.  In order to keep the fishway open year 

round, research is currently being conducted on smallmouth bass behaviour in fishways and their 

exclusion at certain velocities (J. Leblanc, personal communication, September 2012).  Due to their 

body shape, smallmouth bass do not have the acceleration and leaping capabilities of salmonids.  

Smallmouth bass are not capable of maintaining rapid swimming speeds and they lose their ability to 

accelerate though high water velocities when temperatures drop below their tolerable limits (Bunt 

1999).  At the fish passage facility in 2012, smallmouth bass were not observed once water 

temperatures dropped below 15C.  A temporary increase in baffle height by adding an additional stop 

log below one of the baffles would create a 16 inch jump as opposed to the standard 8 inch jump.  This 

increase in baffle height may be sufficient to exclude smallmouth bass without restricting the upstream 

passage of other native migrating species during periods when the fish passage facility is not being 

monitored. 

 

Of the 19 Atlantic whitefish intercepted in the trap, 18 were permitted to ascend into Hebb Lake.  Upon 

capture, each fish was analysed for signs of hatchery rearing before being released upstream.  Several 

genetic and ecological risks have been associated with the intermixing of wild and hatchery-reared fish.  
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Interbreeding among hatchery and wild fish can weaken the population’s gene pool and reduce genetic 

fitness by limiting the growth, survival, and reproductive success of wild fish (Araki 2008).  Additional 

impacts include the introduction of disease and increased competition for limited resources including 

food and habitat (Jonsson and Jonsson 2006, Araki 2008).  In recent years, a global decline in wild fish 

stocks has prompted an increased interest in fish culture for both human consumption and to enhance 

or replenish wild populations.  Between 2007 and 2009, 12,025 hatchery-reared Atlantic whitefish were 

released into the lower section of the Petite Rivière.  All of the fish were released as two or three year 

olds marked with either a full adipose clip, a posterior or anterior adipose punch, a hydroacousitc tag, or 

a pink pectoral visible implant elastomer (VIE) tag for identification. 

 

One of the Atlantic whitefish intercepted in the trap had an obvious full adipose clip and was the only 

fish determined to be of hatchery origin based on physical analyses.  Scale samples and DNA samples 

were extracted from all of the Atlantic whitefish intercepted in the fish passage facility.  Scale readings 

indicated that all Atlantic whitefish were in the age range of five to six years old and that there was no 

clear indication of salt water migration.  Using the scale samples obtained from the adipose-clipped 

Atlantic whitefish and the hatchery-release data provided by the Mersey Biodiversity Facility, it is 

believed that this particular fish could have originated as one of the hatchery-reared fish released in the 

lower Petite Rivière on June 4, 2008.  Although the remaining 18 fish did not show any visible signs of 

hatchery rearing, their scale samples appeared to show similar trends with regard to anadromy and 

age.  Atlantic whitefish scales differ slightly from Atlantic salmon and there are very few trained 

individuals with experience reading Atlantic whitefish scales.  Further scale analyses are recommended 

to confirm the age and migratory history of all 20 Atlantic whitefish sampled during the 2012 field 

season.  Additionally, genetic analyses of tissue samples and stable isotope analyses using the 

extracted scales could confirm whether or not the Atlantic whitefish intercepted in the fish passage 

facility were of wild or hatchery origin and if these fish had spent any time in the ocean. 

 

Four Atlantic salmon, including one anadromous female and three smaller males, were also intercepted 

in the fish passage facility and sampled before ascending into Hebb Lake.  All of the Atlantic salmon 

were intercepted in the fishway at the same time and on the same day.  The three male fish were likely 

attracted to the female pheromones and were travelling in close proximity with the intention to mate.  

Although all four fish were dark in colour, indicating that they had spent some length of time in 

freshwater, the three males were particularly dark and may have been landlocked fish from the upper 

lake system or they may have matured in freshwater as precocious parr.  Adult salmon typically return 

to their native river to spawn after one or more years in the ocean; however, some juvenile males 

sexually mature early as parr.  Due to their small body size, precocious parr are capable of sneaking in 

beneath the mating male and female to fertilize a portion of her eggs first.  The explanations 

surrounding the four Atlantic salmon intercepted in the fishway trap are only suggestions and further 

research and analyses of the scale and DNA samples would provide more concrete information on the 

age and origin of these fish. 
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Recommendations & Conclusion 
 

The following research activities are recommended for the continuation of the Atlantic Whitefish 

Recovery Project: 

 

 A continuation of the outreach and educational activities at local schools and community events. 

 

 A continuation of the water quality monitoring program, with emphasis on analysing the water 

quality within Wildcat Brook and the Weagle’s Dam outlet.  Additionally, new sites were added 

during 2012 to better represent the entire watershed. 

 

 Habitat restoration projects should focus on improving fish passage around current barriers 

(Crousetown Dam, Milipsigate Dam, and Minamkeak Dam) and on improving in-stream habitat 

quality within Wildcat Brook and the Weagle’s Dam outlet. 

 

 The AWRP team should monitor the fishway at Crousetown Dam regularly to ensure that clear 

passage is maintained, particularly during periods of migration.  There were several occasions 

during the 2012 field season when this route was completely blocked by either a beaver dam or 

debris. 

 

 Smallmouth bass nest surveys should continue in Hebb Lake and an invasive species mitigation 

plan (i.e., nest destruction and angling guarding males) should be developed for Hebb Lake and 

the Milipsigate outlet. 

 

 Smallmouth bass CPUE studies should continue in all three lakes with an emphasis on Hebb 

Lake and the Milipsigate outlet. 

 

 The smallmouth bass biological study, including scale sample reading and interpretation, growth 

rate calculations, and stomach content analyses should continue in all three lakes.  Smallmouth 

bass should be angled earlier in the spring, prior to the spawning season, to provide further 

information on the potential predator-prey interaction between pre-spawning smallmouth bass 

and juvenile Atlantic whitefish. 

 

 In 2013, the RST should be installed earlier in the year (early to mid-March) to increase the 

chances of capturing migrating Atlantic whitefish.  In future years, the RST could be installed 

downstream, closer to the estuary to capture any Atlantic whitefish that may be migrating from 

the lower tributaries.  Also, the marking of captured fish would provide a better representation of 

the overall catch of various species. 

 

 An electrofishing study should focus on determining whether or not Atlantic whitefish are using 

the upper or lower tributaries as habitat. 
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 Monitoring and sampling activities at the Hebb Lake Dam Fish Passage Facility should continue 

in the spring and fall of the year.  Further analyses of Atlantic whitefish and Atlantic salmon 

scale and DNA samples would provide additional information on the age structure of migrating 

fish, their biological behaviour, and their genetic origin. 

 

 Additional in-stream traps (e.g., a fyke net or an inclined-plane trap) could be installed at new 

locations to determine if Atlantic whitefish inhabit those areas.  Suggested areas of interest 

include: Wildcat Brook, Wallace Brook, the Weagle’s Dam outlet, the stream flowing out of the 

pond adjacent to the Hebb Lake Dam Fish Passage Facility, and the stream flowing out of the 

Duck’s Unlimited Pond in Hebbville. 

 

 The occasional isolated sighting by local residents, fishermen, and anglers suggest that 

monitoring activities in adjacent river systems, such as the LaHave River or Medway River 

might provide additional information on the range of the Atlantic whitefish. 

 

 The recent approval of new Atlantic salmon aquaculture sites along the southwest coast of 

Nova Scotia should be monitored and, if necessary, the impact of these sites on migrating 

Atlantic whitefish and the impact of aquaculture escapees entering into the Petite Rivière 

system the should be assessed. 

 

Conclusion 

Currently, there are significant gaps in Atlantic whitefish knowledge.  There are no accurate estimates 

of population size and little is known of the species biology, life history, habitat preference, wild 

spawning time, migration patterns, or interspecific interactions.  With the closure of the Mersey 

Biodiversity Facility and the cancelation of the Atlantic whitefish captive breeding program, Atlantic 

whitefish recovery initiatives have been refocused towards minimizing the impact of invasive species 

and improving fish passage throughout the Petite Rivière with the intention of reintroducing the 

anadromous life history component to the previously landlocked population.  BCAF’s AWRP team will 

continue to work together with members of the AWC&RT to collect valuable information and to help 

with efforts directed towards the conservation and recovery of this rare and unique species. 
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Appendix 
 
Appendix A: Total catch data for all fish captured in the Hebb Lake Dam Fish Monitoring Facility.  AE = American eel, AW = 

Atlantic whitefish, AS = Atlantic salmon, BT = brook trout, SMB = smallmouth bass, WP = white perch, WS = white sucker, * = 

full adipose clip. 

Day Month Year Species 

Fork 

Length 

(cm) 

Weight 

(g) 
Sex Mark Origin Scale DNA ID 

Release 
Location 

24 9 2012 SMB 15.0 - - - W Y N HD12-001 Sacrificed 

24 9 2012 WS 21.0 - - - W N N - Upstream 

25 9 2012 SMB 14.4 40.0 - - W Y N HD12-002 Sacrificed 

25 9 2012 WS 29.3 250.0 - - W N N - Downstream 

25 9 2012 WS 26.5 220.0 - - W N N - Downstream 

26 9 2012 WS 27.2 280.0 - - W N N - Downstream 

26 9 2012 WS 18.8 70.0 - - W N N - Downstream 

26 9 2012 WS 21.4 120.0 - - W N N - Downstream 

26 9 2012 WS 26.4 270.0 - - W N N - Downstream 

27 9 2012 WS 24.0 160.0 - - W N N - Downstream 

28 9 2012 WS 18.8 40.0 - - W N N - Downstream 

29 9 2012 WS 24.1 160.0 - - W N N - Downstream 

1 10 2012 WS 14.3 60.0 - - W N N - Downstream 

2 10 2012 WS 28.7 340.0 - - W N N - Downstream 

2 10 2012 WS 26.9 270.0 - - W N N - Downstream 

4 10 2012 WP 24.7 190.0 - - W N N - Downstream 

4 10 2012 AE 28.0 50.0 - - W N N - Upstream 

6 10 2012 BT 24.0 120.0 - - W N N - Upstream 

6 10 2012 WS 15.7 50.0 - - W N N - Downstream 

9 10 2012 WP 24.0 210.0   W N N - Downstream 

11 10 2012 WS 25.6 220.0 - - W N N - Downstream 

11 10 2012 WS 25.1 210.0 - - W N N - Downstream 

11 10 2012 SMB 18.0 80.0 - - W N N HD12-003 Sacrificed 

12 10 2012 WS 19.0 80.0 - - W N N - Downstream 

16 10 2012 AE 22.0 20.0 - - W N N - Upstream 

21 10 2012 AW 31.0 n/a - - W Y Y HD12-004 Upstream 

21 10 2012 BT 22.5 100.0 - - W N N - Upstream 

21 10 2012 WS 16.5 82.0 - - W N N - Downstream 

22 10 2012 BT 24.6 155.0 - - W N N - Upstream 

23 10 2012 WS 19.0 60.0 - - W N N - Downstream 

30 10 2012 WS 23.1 120.0 - - W N N - Downstream 

30 10 2012 WS 17.4 70.0 - - W N N - Downstream 

31 10 2012 WS 15.3 70.0 - - W N N - Downstream 

1 11 2012 WS 17.9 60.0 - - W N N - Downstream 

1 11 2012 WS 14.8 40.0 - - W N N - Downstream 

1 11 2012 WS 14.8 40.0 - - W N N - Downstream 

1 11 2012 WS 17.5 60.0 - - W N N - Downstream 

2 11 2012 WS 18.2 70.0 - - W N N - Downstream 
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2 11 2012 WS 23.5 130.0 - - W N N - Downstream 

2 11 2012 AW 31.0 330.0 - - W Y Y HD12-005 Upstream 

2 11 2012 AW 30.5 320.0 - - W Y Y HD12-006 Upstream 

2 11 2012 AW 31.0 320.0 - - W Y Y HD12-007 Upstream 

2 11 2012 AW 32.0 400.0 - - W Y Y HD12-008 Upstream 

2 11 2012 BT 23.5 110.0 - - W N N - Upstream 

2 11 2012 WS 18.6 70.0 - - W N N - Downstream 

2 11 2012 WS 22.3 120.0 - - W N N - Downstream 

2 11 2012 WS 17.7 60.0 - - W N N - Downstream 

2 11 2012 AW 29.2 290.0 - - W Y Y HD12-009 Upstream 

2 11 2012 AW 31.2 330.0 - - W Y Y HD12-010 Upstream 

2 11 2012 AW 33.5 450.0 - - W Y Y HD12-011 Upstream 

2 11 2012 AW 33.5 440.0 - - W Y Y HD12-012 Upstream 

2 11 2012 AW 30.9 350.0 - - W Y Y HD12-013 Upstream 

2 11 2012 AW 31.4 330.0 - - W Y Y HD12-014 Upstream 

2 11 2012 AW 30.0 280.0 - - W Y Y HD12-015 Upstream 

2 11 2012 AW 31.7 380.0 - - W Y Y HD12-016 Upstream 

2 11 2012 AW 31.9 360.0 - - W Y Y HD12-017 Upstream 

2 11 2012 AW 32.8 380.0 - - W Y Y HD12-018 Upstream 

2 11 2012 AW 31.4 340.0 - - W Y Y HD12-019 Upstream 

2 11 2012 AW 28.5 250.0 - - W Y Y HD12-020 Upstream 

2 11 2012 AW 33.5 450.0 - Y * H Y Y HD12-021 Downstream 

2 11 2012 AW 33.5 450.0 - - W Y Y HD12-022 Upstream 

4 11 2012 WS 14.7 30.0 - - W N N - Downstream 

4 11 2012 WS 19.0 70.0 - - W N N - Downstream 

5 11 2012 BT 18.4 60.0 - - W N N - Upstream 

6 11 2012 WS 17.5 60.0 - - W N N - Downstream 

6 11 2012 WS 14.3 20.0 - - W N N - Downstream 

9 11 2012 BT 16.4 30.0   W N N - Upstream 

13 11 2012 BT 21.2 80.0 - - W N N - Upstream 

14 11 2012 WS 16.2 30.0 - - W N N - Downstream 

19 11 2012 BT 25.2 190.0 - - W N N - Upstream 

19 11 2012 AS 31.0 400.0 M - W N N - Upstream 

19 11 2012 AS 27.2 340.0 M - W Y Y HD12-023 Upstream 

19 11 2012 AS 29.0 - M - W Y Y HD12-024 Upstream 

19 11 2012 AS 70.0 3520.0 F - W Y Y HD12-025 Upstream 

22 11 2012 BT 18.3 70.0 - - W - - - Upstream 

23 11 2012 BT 18.5 70.0 - - W N N - Upstream 

23 11 2012 BT 20.1 110.0 - - W N N - Upstream 

24 11 2012 BT 14.2 30.0 - - W N N - Upstream 

24 11 2012 BT 20.2 70.0 - - W N N - Upstream 

 


