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Disclaimer

Intended use and technical limitations of the report, “Assessment of potential for upstream passage
for juvenile eel (Anguilla rostrata) at the Mactaquac Generating Station”. This report describes a
first assessment of American eel in the Saint John River in the vicinity of the Mactaquac Generating
Station. The Canadian Rivers Institute does not assume liability for any use of the included data or
analyses outside the stated scope.

Correct citation for this publication:

Dixon, B., Linnansaari, T., Dolson-Edge, R., and Samways, K. 2018. Assessment of potential for
upstream passage for juvenile eel (Anguilla rostrata) at the Mactaquac Generating Station.
Mactaquac Aquatic Ecosystem Study Report Series 2018-065. Canadian Rivers Institute,
University of New Brunswick, 30 p.
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EXECUTIVE SUMMARY

This report summarizes the distribution, relative abundance, and migratory behaviour of
American Eel elvers of the Saint John River (SJR) during their upstream approach to the
Mactaquac Generating Station (MGS) from 2015 to 2017. A variety of elver capture techniques
were employed and it was found that habitat traps, abundance nets, and spillway surveys were
the most effective. Capture techniques used in areas further than 20 rkm downstream of the MGS
were not effective at capturing elvers. Across the three years of study, elvers showed defined
seasonal movements with multiple in-summer peaks of aggregation near the MGS. Additionally,
elver relative abundance near the MGS was not randomly distributed and an increase in capture
was noted on the left bank of the S]R near the Accelerated Rearing Facility. Preference for the left
bank may be related to flow conditions. These results demonstrate that the MGS does not
currently impose a velocity barrier that would prevent elvers (defined as juveniles actively
migrating) from attempting to migrate upstream of the facility. Further, the results demonstrate
that upstream passage of American Eel at MGS is feasible given appropriate passage options.
Examination of elver movements over multiple night surveys at the MGS demonstrate that some
elvers make multiple ascent attempts and are able to move between spillway gates and
structures. Further, American Eel elvers captured in each year of this study are on average larger
than expected (> 10 mm). These findings provide important baseline data to inform elver
upstream passage discussions for the Mactaquac Generating Station.
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1. INTRODUCTION

1.1 PROJECT BACKGROUND

The Saint John River (SJR) is managed for hydropower production by a provincial owner-
operator, the New Brunswick Power Corporation (NBP). NBP operates a number of hydropower
facilities in the SJR system, and the largest are the Mactaquac Generating Station (MGS; Figure 1),
Beechwood Generating Station, Tobique-Narrows Generating Station, and Grand Falls Generating
Station.

The first facility in the system (farthest downstream) is MGS and it is located ~18 km upstream
from the city of Fredericton and 150 km upstream of the Bay of Fundy on the mainstem of the
SJR. The station began operating in 1968. The facility is ~1,100 m long with a hydraulic head ~34
m under typical operating conditions (Note: the highest point of the dam is 55 m above the SJR).
It has the capacity to generate ~670 megawatts of energy using six Kaplan turbines. The MGS
supplies ~12 % of the electric power production for New Brunswick.

The current dam structure does not provide dedicated upstream passage for American Eel and
the only downstream passage occurs through the dam structures.

INTAKE STRUCTURE /
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Figure 1. The Mactaquac Generating Station (NB Power 2014).

The concrete portions of the MGS may reach end of life in 2030 due to problems with concrete
expansion known as Alkali-Aggregate Reaction (AAR).

In 2014, NBP began the process of evaluating the future options for the MGS known as the
Mactaquac Project (www.mactaquac.ca). In parallel with the original three options considered,
NBP also reviewed the feasibility of achieving the original design life (100 years) from the
existing facility.

NBP has engaged the Canadian Rivers Institute (CRI) at the University of New Brunswick (UNB)
to design an extensive, multidisciplinary aquatic ecosystem study to support an informed,
science-based decision for a preferred option. CRI initiated the Mactaquac Aquatic Ecosystem
Study (MAES) which is a planned, whole-river ecosystem study and manipulation (CRI 2015).
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MAES has three key components: 1) Whole Ecosystem studies; 2) Fish passage; and 3)
Environmental flows.

1.2 AMERICAN EEL AND THREATS TO SURVIVAL

The American Eel (Anguilla rostrata (LeSueur 1817)) is a catadromous fish species with a wide
distribution throughout the western North Atlantic Ocean. Its range extends from southwestern
Greenland, along the rivers of eastern North and Central America, and as far south as Panama and
the West Indies (Schmidt 1922). American Eel are believed to consist of one single, global
breeding population (panmicitic) which begins its complex life history by spawning in the
Sargasso Sea (Figure 2). Peak spawning is hypothesized to occur in February. After hatching,
larval eels (leptocephali) are transported a great distance by the Gulf Stream and other oceanic
currents up along the eastern coast of North America. Upon reaching the continental shelf,
leptocephali metamorphose into glass eels at a mean age of 200 days (Wang and Tzeng 2000).
Glass eels move shoreward by means of both active swimming and current drift. As they begin to
enter estuaries and freshwater rivers at a mean age of <1 year, they develop into pigmented
elvers (Bertin 1956; Jessop 1998; Wang and Tzeng 2000). In the Maritime Provinces of Canada,
elvers have been known to enter coastal streams as early as March in the East River Chester, NS
(BCAF 2016) and April along the Bay of Fundy (Brunswick Aquaculture 2017), with initial
observations throughout the SJR in May and June (Jessop and Harvie 2003).

Glass eel
Leptocephalus
Elver
EggsD .
Ocean Continent
Yellow eel
Spawning
Silver eel

Figure 2. The life cycle of the American Eel depicts the transition from oceanic to continental
phases. Illustration: Gissurardottir 2006.

During the elver life stage (typically three to twelve months old), the American Eel is motivated
to migrate upstream, guided by their instinctual attraction to oncoming flow (Haro and Krueger
1991). Most of their upstream travel occurs during the night when elvers are primarily active.
Throughout the day, elvers will protect themselves from harm and predation by resting within
the variable substrate of the river bottom. The interaction of elvers with the river substrate
assists in their upstream progress: small eels will spend more time resting in the substrate than
moving through the water column (Barbin and Krueger 1994). However, at large spatial scales,
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elvers will generally not show preference for any one type of substrate or habitat (Smogor,
Angermeier, and Gaylord 1995).

The major growth phase of American Eel is associated with sexual differentiation and at this
stage they are called yellow eels, often associated with yellow pigment on their ventral surface.
Adult American Eels undergo further morphological changes (eyes and fins enlarge) to support
their migration back to the Sargasso Sea and are called silver eels. Silver eels begin their outward
migration back to the Sargasso Sea after spending three to 20 years in freshwater. The timing of
outmigration is variable and occurs throughout the summer and fall depending on many factors
(COSEWIC 2012).

Due to a number of natural and anthropogenic threats throughout their geographical range the
American Eel has seen a tremendous reduction in numbers since the 1980s. In 2012, the
Committee on the Status of Endangered Wildlife in Canada recommended listing the American
Eel as a threatened species (COSEWIC 2012). Recent abundance estimates from the Laurentian
Great Lakes and St. Lawrence River have noted a 90% decline, which led to its listing under
Ontario’s Endangered Species Act (ESA 2007). Furthermore, substantial declines have been
recorded in many areas throughout the Maritime region of Canada (COSEWIC 2012; Bradford
2013).

While declines persist, the demand for American Eels continues to increase. The juvenile eel
fishery, including glass eels and elvers, is an extremely lucrative industry. Because anguillid eels
cannot breed in captivity, fish-farmed eels are caught as wild juveniles in large numbers and then
raised to market-size. This practice results in a strong demand for juvenile eel export from North
America to European and Asian markets for rearing (Weeder and Uphoff 2009). The American
Eel is a culturally important species to Aboriginal peoples of Canada; archaeological evidence
demonstrates that the practice of eel fishing has spanned over 4000 years (MacGregor et al.
2008). As a predatory species, the American Eel plays an important ecological role within the
river systems and remains an excellent indicator of habitat health (Smith and Saunders 1955).

As a species undertaking long-range migrations, American Eel face a gauntlet of challenges to
complete their life cycle. Global climate change and shifts in oceanographic conditions can
influence the Gulf Stream currents thus weakening larval drift towards the North American coast
and reduce recruitment of eels to freshwater areas (Friedland et al. 2007). Human impact on
river systems frequently results in poor water quality and overall habitat degradation (Machut et
al. 2011). While commercial and recreational fisheries for eels were closed by 2005 in Ontario
and restricted in Quebec, licenses continue to exist in eastern Canada (COSEWIC 2012). Along
with the threat of overfishing, the negative impact of hydroelectric dams has been listed as a
major contributor to eel mortality since the mid-1980s (Haro et al. 2000; Lafontaine et al. 2010).
If no form of fish passage is provided, dams serve as detrimental barriers that obstruct the elvers’
ability to migrate upstream to historically productive juvenile habitats. The negative impact of
dams cannot be overstated as a threat to American Eel survival and while researchers have made
advancements for eel passage systems, many dams remain with limited or no passage (up or
downstream) available to migrating eels.
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1.3 PRESENCE OF JUVENILE ELVERS IN THE SAINT JOHN RIVER

Overall, the life history of American Eel in the SJR is not well understood. This is particularly true
for juvenile eels. Juvenile eels, elvers, had previously been observed at the MGS in large numbers
(LeBlanc 1973). LeBlanc describes masses of elvers swimming along the surface of the water at
the base of the dam as “wind ruffling the surface”. Furthermore, prior to 1980, Jessop and Harvie
(2003) describe historical reports of elvers “forming ribbons along the outer walls of the fishway
at the Mactaquac Dam”, although no quantitative estimates of elver abundance or size, were
provided. Since 1980, no elvers have been observed at the fish collection gallery of MGS (Jessop
and Harvie 2003). However, Jessop and Harvie (2003) did report that a large number of juvenile
eels (~1900) were captured within 500 m of MGS in 1992. These eels were not considered elvers
by the authors and had an average length of 100.4 mm (range 74-133). The disappearance of
elvers from the fish lift at MGS coincides with the installation and operational start of the final
two Kaplan turbine units at the dam (unit 5 installed fall 1979, unit 6 in spring 1980). Jessop and
Harvie (2003) reported a change in the daily and hourly discharge patterns at the dam associated
with the final turbines coming online and which may have inhibited elver migration due to the
execution of a daily, peak-load generation cycle. In the contemporary period, turbines 5 and 6
operate only during large flow events, given typical operating conditions. Additionally, the effort
expended at the fish lift at MGS was inconsistent between 1977 and 1980, which may have biased
elver observations.

Jessop (2003) observed that increases to river discharge, i.e., stream velocity, resulted in
decreases to daily elver counts at the mouth of the East River, NS (after temperature and tidal
influences were accounted for). As weak swimmers, elvers have difficulty traversing water
velocities exceeding 25 cm s'1 and show a preference for moving along river banks where water
velocities are minimal (McCleave 1980; Barbin and Krueger 1994). Elvers will avoid attempting
to overcoming velocities by using quick bursts of swimming through the water layer just above
the substrate and taking frequent breaks at rest points a few metres apart (McCleave 1980).
Thus, while the cause-effect relationship between elver absence and operation of MGS has not
been empirically demonstrated, the abrupt disappearance of American Eel elvers coinciding with
start-up of the last two turbine units may be suggestive of either 1) new discharge patterns that
created a velocity barrier at some unknown location in the SJR downstream of the MGS that
halted the elver migration to the dam, or 2) modification of the local velocity fields at the dam’s
fish collection facility such that elvers are no longer present at the collection facility. However,
Jessop and Harvie (2003) warn against drawing conclusions about the correlation between
timing of the absence of elvers at the dam in 1980 and the installation of the last two turbines
given this lack of site-specific, quantitative evidence.

1.4 OBJECTIVES

The goal of this study was to begin to evaluate the hypotheses of Jessop and Harvie (2003). First,
we assessed whether a migration bottleneck in the form of a velocity barrier exists to elvers as
they approach the MGS. Our first objective was to search for sections of the river where water
velocity was too high for elvers to swim against and thus may have impacted progress upstream.
This involved determining the upstream extent to which American Eel elvers are found in the
lower SJR (downstream of MGS) to develop a better understanding of their spatial and temporal
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distribution during their migratory ascension. Second, we summarized observations of elvers at
and close to the MGS which included an evaluation of their numbers, movements, behavior, and
migration timing. The overall outcome was to develop new information and knowledge of elvers
in the SJR and in the vicinity of the MGS to best inform decisions regarding an upstream passage
design system.

2. METHODS

2.1 DEFINITION OF AN ELVER

The definition of an ‘elver’ is not clear-cut. Conflicting definitions of an elver can be found
depending on the opinion of eel researchers, fishers, or dam operators. It becomes important to
understand the morphological and behavior characteristics of an elver to distinguish between
definitions used in literature and industry. Three common definitions are outlined here. First, the
fisheries management definition as laid out by the Canadian Science Advisory Secretariat defines
elvers as eels of less than 10 cm in length (CSAS 2010). At this length, elvers are uniformly
pigmented with a distinct ventral margin (Haro and Krueger 1988). Second, a biological
definition based on age is a common descriptor for elvers where an eel of less than one
freshwater year in age is described as an elver. Finally, elvers have been defined based on their
distinctive migratory behaviour, i.e.,, as juvenile eels that show a clear motivational instinct to
migrate upstream by following flow patterns and travelling through potentially difficult terrain.
For the purpose of this report, and to remain comparable to previous elver studies in the SJR,
elvers will be defined as juvenile eels showing a distinct motivation to migrate upstream
(positive rheotaxis) throughout the spring and summer of the year. This report’s focal population
of SJR elvers have been reported to be between 50-70 mm in length (Jessop and Harvie 2003),
although no de facto historic measurements of elvers exist at MGS (B. Jessop, personal
communication).

2.2 STUDY AREAS - SAINT JOHN RIVER

The SJR begins in northern Maine and flows southeast before draining into the lower Bay of
Fundy at Saint John, New Brunswick (Figure 3) and has a total drainage area of > 50,000 km?2
(ASER 2011).

Geographically, the section of river reaching from the MGS to the mouth of the SJR is relatively
flat (O’Sullivan et al. 2016). This low slope, coupled with the record-breaking high tides of the
Bay of Fundy, supports a tidal head that reaches to approximately 140 rkm , just downstream of
the MGS (located at 150 rkm) (ASER 2011). The substrate upstream of Fredericton is primarily
cobble and sand with some boulders, while the area downstream of the city is relatively sandy
(ASER 2011).

Surveying a river of this magnitude poses unique challenges. Previous studies have
predominantly surveyed elvers in much smaller rivers and streams (Ruggles and Watt 1975;
Jessop and Harvie 2003) and our trapping methodologies and surveying techniques had to adapt
to our unique study location. The Nashwaak River is a S]R tributary located on the north side of
Fredericton and was also included as a surveying location.
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Figure 3. The Mactaquac Generating Station near Fredericton, NB is the first dam encountered by
American Eel as they ascend the Saint John River, NB.

2.3 TRAPPING METHODOLOGIES

To survey the S]R for American Eel elvers, a targeted sampling approach using traps was
developed and employed during the suspected timing of elver upstream migration. A series of
passive and active trapping techniques were used that complemented the swimming capabilities
and substrate use of elvers and also took inspiration from previous trap designs.

The habitat trap (Figure 4a) is adapted from the design of Silberschneider et al. (2001). It is
constructed using unravelled sisal rope attached to a plant saucer (diameter 25 cm) with a
concrete base as the anchor. The sisal rope imitates the appearance of a macrophyte tuft. Young
eels are known to use submerged vegetation for cover and prefer complex natural habitats for
protection, particularly during daylight hours (Barbin and Krueger 1994; Glova 1999). Its small
size makes it portable and useful over a large spatial scale. The traps require minimal monitoring
as eels can enter and exit with ease, and they can be placed in complex habitats with variable
flows.
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The tube trap (Figure 4b) is constructed using PVC pipe (diameter 5 cm; length 35 cm). A mesh-
netting (mesh size 1.2 mm) is secured over one end. The tube is attached to a concrete base as an
anchor. Growing eels prefer interstitial spaces for cover (Glova 1999), and the small tube
enclosure provides the eels with a dark and concealed hiding spot. It mirrors the advantages
provided by the habitat trap.

The final passive trap is the box trap (Figure 4c). Unravelled sisal rope is attached to the inside of
a tote and holes are cut in alternative sides of the tote (15 cm x 10 cm). One hole is covered in
mesh-netting (mesh size 1.2 mm) while the other is covered in conical netting with a small hole
at the tip of the funnel to allow for entrance into the tote. Because the opening is small and
pointed directly inside the trap, eels that enter have difficulty finding the exit and remain trapped
within the closed tote. The function of the opposite hole with the mesh is to allow the river water
to make its way through the tote and attract elvers towards the upstream flow. Because eels are
not able to escape, this trap gives an estimate of catch per unit effort (CPUE). However, it is less
portable and does require daily monitoring, while the previous traps do not.

Our active trapping technique involved use of an abundance net (Figure 4d). The trap consists of
anet (1 m x 0.8 m) of fine mesh (mesh size 2 mm). The net lies flat on the river bottom using
chains around the exterior for added weight. Rope (length 1.5 m) is attached to the net at the
corners and mid-sections. Over time, elvers swim over the net, and after a designated period of
time (5 minutes), the rope is pulled upwards to trap eels within. Since use of this trap is cast by
hand and timed, it is portable and gives an estimate of CPUE. It is most useful during night
surveys when elvers have been visually observed in their active state and it can be deployed
along the banks of the river.

Figure 4. Images and demonstrations of trap variations. A) habitat trap, B) tube trap, C) box trap,
and D) abundance net.
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2.4 FIELD SAMPLING - SAINT JOHN RIVER TRAPS

To understand American Eel elver movement and distribution as they approach the dam, traps
were deployed strategically throughout the SJR (Figure 5). Beginning in June 2015, habitat traps
and tube traps were placed at 12 sites in clusters of approximately five traps along both banks of
the river; sites were located within 20 km downstream of the dam. Two clusters were also placed
along the Nashwaak River near its confluence with the SJR. The spatial clusters of traps aimed to
ensure that enough area was covered that it was likely any elvers travelling towards the dam
would eventually encounter a trap.

Sugar Island

Eqpahak

0. &

'

Nashwaak

P

Figure 5. Map of Saint John River, Fredericton, NB. White circles represent clusters of habitat and
tube traps for American Eel elvers. MGS shows location of the Mactaquac Generating
Station.

We also recorded the near-dam (3 rkm) distribution of elvers to better understand elver
behavior and flow preference as they approach the dam structure. Habitat traps and box traps
were deployed to determine distribution and densities at seven sites within that area (Figure 6).
The abundance net was used during night time surveys at seven sites (five sites from day surveys
and two additional unique sites for night) along the banks of the near-dam area to better discern
CPUE between different areas. Night surveys were conducted every few days.
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Figure 6. Map of sites surveyed using habitat traps during 2015 field seasons within 3 rkm of
MGS (Note that locations 4 and 5 are abundance net trap sites from 2016 field season).

During regular day surveys, traps were checked on average every few days from June-September
2015 and June-August 2016. The velocity (cms1) was recorded at each site. When eels were
captured, they were first anesthetized using a clove oil bath (eugenol, 40 mg/L) prior to
processing. Measurements recorded include total length to the nearest millimeter and wet
weight to tenth of a gram. The fish was held throughout recovery until the effects of the bath had
passed.

2.5 FIELD SAMPLING - AMERICAN EEL RAMPS

In 2016, two eel ramps were acquired near the end of the survey season (Figure 7). These ramps
are designed to catch American Eel elvers by taking advantage of their migratory behaviour.
Water is brought up from the river to the ramp by a pump attached to a long hose. Most of this
water is then expelled at the base of the ramp to create an attraction flow. The young eels climb
the embankment as they are guided towards the ramp by the oncoming flow. Once they arrive at
the ramp, they are met by a secondary attraction flow. This flow begins at the uppermost crest of
the ramp to entice the eels to make their way up the ramp’s matted surface. The eels follow the
gentle trickle of water until they arrive at the crest, at which point they fall over the opposite side
of the ramp and are captured in the collection tote below.
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Figure 7. Eel ramp on the Saint John River left bank, 2016. Positioned ~1km downstream of MGS.

On August 23, 2016 one ramp was placed on the left bank of the SJR downstream of the dam (~1
km) to monitor the decrease in elver abundance moving into the fall. This survey served as a pilot
test to observe the practicality of using ramps to assess elver abundance.

In 2017, to capture the early spring migration of elvers from the mouth of the S]JR to MGS, the two
ramps were placed at secure locations along the banks of the SJR. One ramp was placed on the
property of DMK Marine Services in Saint John (just downstream of the Saint John Reversing
Falls). The second ramp was placed at a location further upstream, Carters Point. The ramps
remained at these locations from April 13 - May 31, 2017 and were checked frequently for eels
and to perform maintenance.

After the early spring period, the ramps were relocated just downstream of the MGS along the left
bank. One ramp was positioned at the accelerated rearing facility (ARF) site, slightly upstream of

the outflow pipe (Figure 6, Site 2). The other ramp was placed approximately 100 m downstream
of the first ramp.

2.6 FIELD SAMPLING - SPILLWAY SURVEYS

The diversion sluiceway and main spillway of the MGS serve as the main release channels for
excess water not passing through the turbines for power generation (Figure 1). Collectively,
these structures are referred to as ‘spillways’. Both spillways consist of five gates that remain
closed for the majority of the year. Each gate is 36.8 m tall and 13.7 m wide (total for each
spillway 83.2 m long) (Figure 8). However, due to the Alkali-Aggregate Reaction, the concrete in
these structures has deteriorated, and cracks in the walls have resulted in flows of varying
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intensity and volume. This water, in turn, has given rise to surges of algal growth along the walls,
again in varying degrees of coverage.

Figure 8. The main spillway of the Mactaquac Generating Station. The first gate (far left)
illustrates the variation in flow and algae coverage.

Late into our 2016 field season access was granted to the spillways and the presence of
numerous elvers climbing the concrete walls was discovered, leading to the prompt creation of a
spillway survey late in the 2016 field season. From July - September 2016, quadrat photographs
were taken every 1-2 weeks to gain an understanding of eel presence and abundance within the
spillway structures. The same survey was implemented in 2017 and we were able to track the
arrival, peak, and departure of eels on the structure walls from June - August 2017.

The quadrat survey consisted of a 30 x 30cm square and a series of replicate photographs. Gates
were divided into zones and each zone was defined by qualitatively describing the condition of
the wall’s surface (flow and algae). In each zone, three horizontal and three vertical replicates
were taken. Each replicate involved placing the quadrat against the concrete wall and taking a
flash photograph with care not to overly disturb the eels within the square. The photographs
were then carefully analyzed to count each eel and develop a detailed diagram of elver
abundance across each spillway gate.

2.7 FIELD SAMPLING - VISIBLE IMPLANT ELASTOMER

While the quadrat survey was able to illustrate elver abundance at each particular gate, the need
was recognized understand elver movement between and within the spillways. To this end,
Visible Implant Elastomer (VIE) tags were used to track distribution of captured elvers. Eels were
captured at night by moving along the walls of the spillway by boat and tapping the eels gently to
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startle them to fall into an outstretched 10 x 15 cm aquarium net. Time spent capturing eels was
recorded. Captured eels were marked with specific color-coded tags. Using a small needle and
applicator, the VIE tag was injected just beneath the dorsal integument of the eel. As with the
field sampling, eels were anesthetized and allowed time to recover.

From June 29 - September 29, 2017, VIE tagging and recapture surveys were conducted on a
regular basis (1-3 times per week). A total of 11 night-sampling events were conducted. During
each of the sampling events, eels were captured, tagged and released. Previously tagged eels
were counted. However, it was not possible to collect every eel observed during each sampling
event and thus total capture in some cases represents a proportion of all eels observed.
Additionally, by mid-July it was determined that the tagging process was slowing down efforts to
find recaptures, and so a concurrent survey was conducted on alternate nights where no eels
captured were tagged. The concurrent survey was undertaken from July 19 - Sept 29, 2017, and
focused on capturing eels and recording the number of recaptures.

Furthermore, on two occasions (August 1 and 15, 2017) we set a ramp and pump to operate from
a boat inside the spillway area (Figure 9). The ramp was suspended over the edge of the boat
while the pump ran off of a generator positioned inside the boat. The collection tote was
monitored for a few hours, but on both occasions no eels were captured. Speculatively, the
vibrations and noise of the generator may have deterred the eels from approaching, but further
testing is required to determine what conditions would allow for ramp passage within the
spillway gates.

Figure 9. Boat was positioned inside the spillway area while the ramp was suspended over the
edge to allow eels entry. A pump was lowered into the water and was powered by a
generator inside the boat.

3. RESULTS

3.1 2015 HABITAT TRAPS DOWNSTREAM (20 RKM)

The habitat traps located in the downstream reach of the SJR between the city of Fredericton and
MGS did not prove successful in capturing juvenile eels, although a few larger eels were captured.
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Tube traps and box traps deployed downstream also proved ineffective and data was scarce and
unreliable. Throughout the summer we captured a single eel in the tube traps and zero in the box
traps. Data from the habitat traps demonstrates a low average flow velocity at sites downstream
and low capture rates throughout the field season (Table 1).

Table 1. 2015 data for total American Eel captured in downstream habitat traps, including date
range and location of capture with average velocity at site.

Avg. Velocity Total Eels

Site Latitude Longitude Start Date End Date (cm/s) Captured
1 4596896 -66.74713 2015-06-02  2015-07-15 0.091 4
2 4597753 -66.74113 2015-06-04 2015-07-20 0.232 5
3 4596751 -66.74961 2015-06-02  2015-07-15 -0.040 2
4 4597392 -66.78776  2015-06-02  2015-07-15 0.208 0
5 4597082 -66.78825 2015-06-02  2015-07-15 0.207 1
6 4597192 -66.75353 2015-06-04 2015-07-20 0.048 1
7 4596270 -66.83909 2015-07-28  2015-08-20 0.050 3
8 45.95983 -66.84143 2015-06-15  2015-08-20 -0.001 6
9 4597464 -66.74299 2015-06-04 2015-07-20 0.222 1
10 4597372 -66.74587 2015-06-04 2015-07-20 0.065 0
11 4597326 -66.58955 2015-06-05 2015-07-20 0.214 0
12 4595752 -66.61008 2015-06-09  2015-07-16 0.050 1
13 4598933 -66.78538 2015-06-04 2015-07-20 0.009 0
14 4598730 -66.78536 2015-06-04 2015-07-20 0.024 2

However, since a primary objective for area around MGS was to determine the presence and
location of a velocity barrier for juvenile eels, we were able to conclude that such a barrier does
not exist and shift our focus on the area within 3 rkm of the dam once they were discovered
within that space. Therefore, due to insufficient data from the area downstream, the analysis
provided below reports results solely from the area near dam using habitat traps.

3.2 2015 SPATIAL AND TEMPORAL DISTRIBUTION NEAR DAM (3 RKM)

Throughout 2015 eels were captured using habitat traps at several locations near the MGS
(Figure 10). Three traps were deployed at each site. Given that eels were captured at most sites it
suggests there is no apparent velocity barrier downstream impeding the elvers’ ability to
approach the dam, when an elver is defined by migratory behaviour and not size (Table 2).
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Table 2. 2015 data for total American Eel captured in upstream (near dam) habitat traps,

including date range and location of capture with average velocity at site.

Avg.

Velocity Total Eels
Site Latitude Longitude Start Date End Date (cm/s) Captured
River Left
Downstream 45.95753 -66.86246 2015-07-16 2015-08-20 -0.039 16
Rearing
Facility 45.95693 -66.86302 2015-07-16 2015-08-20 -0.071 144
River Left
Upstream 45.95653 -66.86361 2015-07-16 2015-08-20 -0.031 24
Earthen Dam 45.95036 -66.86814 2015-07-16 2015-08-20 0.012 3
River Right
Upstream 4595141 -66.86617 2015-07-16 2015-08-20 -0.037 1
River Right
Middle 45.95270 -66.86377 2015-07-16 2015-08-20  0.059 2
River Right
Downstream 45.95420 -66.86188 2015-07-16 2015-08-20  0.087 0

Areas of heightened eel activity were recorded along the banks of MGS, with eels showing
obvious attraction towards the Accelerated Rearing Facility(ARF) location (Figure 6, Site 2) and
left bank in general.

Average American Eel catch per
unit effort (eels/trap)

35 1

30 A

25 A

20 A

15 4

. Rearing Facility

. Earthen Dam
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Figure 10. American Eel catch from habitat trap survey during summer 2015 at locations within
3 rkm of MGS. Refer to Figure 6 for map of locations as described in legend with
corresponding numbers to sites. Points represent the average catch per trap + 1
standard deviation.
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While our 2015 data does not include the initial arrival of elvers at MGS, it does show the
temporal distribution of elvers through the later summer months. Elver densities peaked in
abundance by mid July followed by a swift decline through August. Tube traps and box traps (~5
each) were sporadically placed in this area to test efficiency, but the physical conditions proved
unfavorable and zero eels were captured.

3.3 2016 SPATIAL AND TEMPORAL DISTRIBUTION NEAR DAM (3 RKM)

In 2016, it was determined that active trapping using the abundance net during night surveys
was more effective at achieving an estimate of elver abundance than previous trap designs,
including the habitat traps. Two abundance net sets were deployed at each site for each sampling
date and average nightly catch per unit effort is shown in Figure 11. Comparison of elver catch
per unit effort (CPUE) among 2015 and 2016 is challenging due to changes in gear type and
sampling site locations. However, the ARF (Site 2 - Rearing Facility) site in 2016 demonstrated a
peakin July as seen in 2015. Two sites visited in 2015 (Site 8 and 9) had limited accessibility and
were replaced with Site 4 and 5 in 2016.The new site locations also demonstrated elver presence
with peaks in July (although Site 5 also showed a peak in late June).

16 1
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§ 14 [ -l-2. Rearing Facility
g 12 4 3. River Left Upstream
E %“ 10 - 4, Fish Collection Bank
[ ﬂ -&~5. Powerhouse Nook
T 2 8
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S = 6 River Right Upst
©E . River Right Upstream
‘o 4 4
U -
€ »
<< o 2
E 0l ¥ —eo *
o O AR S S PO N N R, v
= & e W AN ) W N S S & S
Dates (2016)

Figure 11. American Eel abundance from abundance net survey during summer 2016 at
locations within 3rkm of MGS. Refer to Figure 6 for map of locations as described in
legend with corresponding numbers to sites. Points represent the average catch per
trap + 1 standard deviation.

3.4 2016-17 AMERICAN EEL RAMPS

In 2016, preliminary results from the American Eel ramp showed that this method of elver
capture was feasible. Elvers were able to traverse the ramp and eel abundance was observed in
moderate numbers as the season drew to close (Figure 12).
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Figure 12. Number of American Eel caught in one eel ramp located on the left river bank ~1 km
downstream of Mactaquac Generating Station from August 24 - November 17, 2016.

In 2017, ramps were first located at sites in the lower SJR. We discovered that the timing and
location of ramp checks made the surveying of eels with this method quite difficult. Elevated
water levels due to the spring freshet and highly fluctuating tides meant that we had to
constantly readjust the ramps and pumps (Figure 13). Unfortunately, we did not capture a single
eel throughout this period. Potential explanations for the absence of elvers at the ramps is purely
speculative, but it may be that elvers are simply not attracted to the small attraction flow of our
ramps when they have the large area and discharge of the SJR to fuel their upstream migration.

A) B)

Figure 13. Fluctuations in tidal water levels resulted in difficult conditions to assess elver
migration using ramps at the mouth of Saint John River. Images show differences in
water level from (A) April 18t to (B) April 29th, 2017
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The ramps were relocated upstream and subsequently caught eels within the area near MGS from
June 27 - July 13, 2017. Eel abundance showed a steady increase over time, primarily at the
downstream location which was located ~100 m downstream of the ARF (Figure 14).
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Figure 14. Number of American Eel caught in two eel ramp locations at the MGS from June 27 -
July 13 2017. Locations are the Accelerated rearing facility (ARF) and ~100 m
downstream from ARF (same location as ramp in 2016 survey).

3.5 2017 VISIBLE IMPLANT ELASTOMER TAGGING SURVEY IN SPILLWAYS

Throughout 2017, 5693 eels were captured during the VIE tagging surveys. Of these eels, 2457
were tagged. Of the tagged eels, 5.5% were recaptured at a later date (Figure 15 & 16). The
majority of recaptured eels had not relocated from their initial tagging site. However, a
proportion of the eels that were tagged at a spillway location did demonstrate movement within
the spillway (gate to gate), and a smaller number made the journey between the spillways
(spillway to spillway) (Figure 17). The estimated percent of tag loss is zero as tags are implanted
as a florescent elastomer under the dorsal skin.
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Figure 15. American Eels tagged and recaptured from the MGS spillway structures, 2017.
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American eels captured and recaptured from the MGS spillway structures, 2017. No
tagging occurred during this survey and ‘recaptures’ refer to any incident when an eel
was caught after the initial tagging event.
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Figure 17. Total recaptures include eels that were tagged on one occasion and caught during a
subsequent surveying event. Graph illustrates comparisons between the number of
eels that were recaptured at the same gate where they were initially tagged vs.
recaptured at different gate (but within same spillway structure) vs. recaptured at
opposite structure.

Analyses of VIE tagging data are on-going. An estimation of population abundance will be
calculated with a mark-recapture model. The analysis of the quadrat results from the spillway
structures is also on-going. It is anticipated that the results from the quadrat study will inform
the arrival, peak abundance, and disappearance of elvers at the spillways throughout the season,
as well as differences in abundance within each gate and spillway.

3.6 ELVERLENGTH FREQUENCY

The average lengths of American Eel from 2015-2017 were larger than the length of an elver as
defined by the literature (<10cm). Average total length was observed as 11.9cm (2015), 11.0cm
(2016), and 11.8cm (2017), with an overall average from all years of 11.6cm (2015-17). Although
different trapping techniques were implemented throughout the three field seasons, the size
distribution of elvers appears to follow a similar pattern through the years (Figure 18).
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Figure 18. Length (cm) frequency plots of 2015-17 American Eels found in the Saint John River.
2015 data retrieved from eel measurements captured in habitat traps. 2016 data from
habitat traps and abundance net. 2017 data from VIE tagging surveys.
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4. DISCUSSION AND CONSIDERATIONS

From June-August between 2015 and 2017, American Eel elvers were observed attempting to
ascend the MGS, contrary to previous reports citing the absence of elver activity at the dam
(Jessop and Harvie 2003). Jessop and Harvie (2003) speculated that the installation of the dam
may have had inadvertent impacts on upstream migration of elvers. However, results presented
here suggest that, in the contemporary period, the operation of the dam does not create a velocity
barrier to migrating elvers. Elver presence within the near-dam vicinity was not randomly
distributed and there were significantly more elvers on the left bank near the ARF than found at
comparable locations along the right bank. A possible explanation can be traced to the flow from
the spillway and turbines as it crosses the width of the river and contacts the right bank. The
right bank receives the majority of the water’s force and the left bank remains at a relatively low
velocity and elvers may encounter less swimming resistance. Small eels avoid swimming through
free stream velocities (McCleave 1980). Alternatively, elvers may have difficulty moving between
and residing within the high flow habitats of the right bank.

The presence of the ARF outflow along the left bank appeared as a significant point of attraction.
Elvers accumulated at the outflow in numbers greater than expected. The outflow also releases a
constant stream of water into the river and elvers were observed moving up the rocks of the
shore, towards the source. Elvers have been shown to have the advantageous ability to overcome
obstacles by making their way up damp, vertical surfaces (Legault 1988).

While elvers were abundant within the vicinity of the dam throughout the late summer months of
2015, we did not find elvers in significant numbers further downstream (20 rkm from dam). One
potential explanation for this observation may be that the migratory fish don’t delay their
upstream progress stopping for any extended period of time in the downstream reaches. Once at
the dam, the eels were no longer able to continue upstream and they had the opportunity to

settle into the habitat and take refuge in the traps, which is a behaviour consistent with juvenile
eels that find themselves at the base of large dams (Smith and Saunders 1955). Alternatively, the
elvers have a large area to occupy within the downstream section of the SJR and more traps may
have been needed to adequately sample available habitat. Further study would be required to
evaluate these claims.

The literature definition of an elver is that it is an eel no more than 10cm in length (CSAS 2010).
Elvers observed at MGS were, on average, larger than 10 cm among all years (total average length
for 2015-17 is 11.6 cm). This result implies that the eels caught at the dam may not be true elvers
as defined by length, but may instead be young, yellow eels. To clarify the life phase of eels
present at the dam, future research will examine the inner otolith structures to determine age
(Jessop et al. 2004). In the LeBlanc (1973) elver survey, researchers noted that, while elvers were
found in the thousands throughout July, no “glass-elver” stage eels (newly arrived from the sea)
were captured, reported, or sighted in the MGS area. However, LeBlanc’s (1973) classification of
a “glass-elver” was not clear; neither length nor age distributions were provided and thus cannot
be compared with the current study. The limited historical documentation of juvenile eel size or
age observed at MGS renders it is impossible to assess if the life stage (i.e., glass, elver, or yellow
eels) or migrating eels has changed through time. Further research is required to determine if
elvers migrating upriver are spending an additional year or more within the SJR system before
ascending to the MGS. If so, this suggests that true elvers (<10 cm) are overwintering at an
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unknown location downstream. Despite the unknown age of eels arriving at the dam, their
behaviour at the dam is consistent with the strong upstream migratory movements of elvers and
young yellow eels that have also been observed undertaking migratory behaviour (Haro and
Krueger 1991).

The presence of thousands of elvers at the main spillway and diversion sluiceway structures at
MGS is a positive discovery. Any subsequent attempts at developing an upstream passage system
could focus design efforts within the spillway spaces to optimize capture efficiency. Elvers exhibit
limited movement from gate to gate as the summer season progresses, as well as infrequent
movement from spillway to spillway structure. Conditions and motivating factors for gate
selection and movement amongst gates remain unknown.

It is clear that upstream passage of elvers at MGS is feasible. Elver arrival at MGS appears to
increase from late June until early August, with multiple in-season peaks. Their behaviourat the
MGS'’s spillways appear conducive for any of several upstream passage options. A variety of eel
ramp ladders have been developed for upstream passage (Linnansaari et al. 2017; Solomon and
Beach 2004). Our studies also demonstrate that a non-permanent system deployed during
migration season could be effective for passing elvers upstream of MGS. A non-permanent
structure would be less expensive, e.g., limited construction, repairs, and continuous
maintenance, and may also provide engagement and employment opportunities for First Nation
communities.

We don’t yet know if upstream passage of American Eel in the SJR will have a positive or negative
effect on the river’s or global eel population. There is currently no safe downstream passage
option at MGS for eels emigrating the SJR, and eels allowed to pass are at risk of being removed
from the reproductive population. Conversely, facilitating eel passage upstream may have or add
cultural value for local First Nation communities. The Province of Ontario has proposed that
upstream passage decisions for American Eel be site specific and delayed until knowledge
regarding cultural values and experiences, cumulative morality, and recruitment and escapement
thresholds have been defined (MNRF 2017).

To further inform a decision on whether or not to pass American Eel elvers above MGS, it is
recommended that the probability of eel mortality through the current MGS structure be
determined. Mortality probabilities can be estimated using a model that incorporates turbine
type, eel route selection, and flow rates (e.g., MacGregor et al. 2015). Passage mortality can also
be estimated using, preferably, biotelemetry (radio- or acoustic telemetry), or utilizing a mark-
recapture study of adult eels released above the MGS (e.g., on-going research at Chaudiere Falls
in Ontario). To assist in evaluating the magnitude of the advantage (or disadvantage) of passing
American Eel elvers upstream, it is recommended that an estimate of eggs per recruit lost to the
global population due to MGS turbine mortality be determined (e.g., Sweka et al. 2014). An
understanding of the cultural and experiential value of restoring American Eel to upstream
portions of the S]JR should also be determined based on engagement with local First Nation
communities.

American Eel has been recommended by COSEWIC to be listed as a threatened species under
Canada’s Species at Risk Act (2002). The federal government is currently deliberating this
decision and, if listed, the American Eel may require extended protections with respect to its
biological and habitat requirements unless authorization to cause harm is obtained by the
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operator. Such protections may require upstream passage and facilitation of downstream
passage at MGS and perhaps several additional NB Power facilities.

Given that the above considerations have not been addressed in the S]R, it is highly
recommended that a comprehensive, adaptive fish management plan for the SJR be created: a
plan that will account for the advantages and disadvantages of upstream eel passage. Therefore,
installation of an upstream eel passage system, even a temporary system, is not recommended at
this time.
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