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<A> Abstract

Winter habitat selection by Striped Bass (Morone saxatilis) has been described as
opportunistic, but due to the length and severity of winter at its northern range, winter habitats in
the north are predicted to be restricted in distribution and carefully selected. Here we describe the
locations and environmental conditions supporting winter aggregations of adult Striped Bass
including periods under ice cover in the Saint John River, New Brunswick using acoustic
telemetry. Striped Bass of both Saint John River (72%) and other ancestry (28%) were observed
to overwinter within the river’s four mainstem lakes and embayments to which the individuals
returned each fall. Most non-Saint John River ancestry Striped Bass were observed in habitats
nearest the river mouth in winter. Striped Bass travelled to winter habitats from fall feeding
locations from October to November, and only four tagged individuals departed the river at this
time. Temperature, dissolved oxygen, and salinity conditions best described the winter habitats.
By demonstrating the non-random distribution of Striped Bass during winter and identifying a
gradient of habitat use by Saint John River ancestry Striped Bass in this northern river system, it
is apparent that protection of these locations is critical for the long term conservation of Striped

Bass populations in Canada.
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<A> Introduction

The native range of Striped Bass (Morone saxatilis) extends nearly 3000 km along the
Atlantic Seaboard of North America from the St. John’s River, Florida in the south to the St.
Lawrence River, Québec in the North (Scott and Scott 1988). Populations occupying much of the
species’ principal range in central and northern regions must annually contend with winter
periods lasting up to 7 months where temperatures are 0-4°C in fresh water to a depth averaged
minimum of < -0.5°C reported for estuarine environments (Bradford et al. 1998, Andrews et al.
2019a). Despite the long duration of the winter season, winter ecology remains a poorly
described and infrequently studied aspect of Striped Bass habitats and life histories (Bednarski
2007; Keyser et al. 2016; see review by Andrews et al. 2019a).

Striped Bass typically migrate to fixed wintering sites as water temperatures cool in late
fall (reviewed by Andrews et al. 2019a). These winter locations can be sluggish river pools
(Rulifson et al. 1987), sheltered inland harbours (Bednarski 2007), freshwater lakes (Bradford et
al. 2012), and sometimes, coastal or offshore regions (Keyser et al. 2016). When water
temperatures near winter minimums, Striped Bass are known to form dense aggregations
(Bednarski 2007) and conduct minimal movements until water temperatures begin to warm in
the spring at which time Striped Bass disperse. A reduction or complete cessation of feeding is
suspected for Canadian populations (Dr. M. Dadswell, personal communication), though winter
feeding may continue in more southern (Hudson River, Dunning et al. 1997; Chesapeake Bay,
Hollis 1952) and/or coastal regions (Virginia and North Carolina Coast, Overton et al. 2008).
Inland winter aggregations are suspected to occur primarily in sheltered habitats where the threat
of displacement by tidal action, or runoff driven currents is minimal (Bradford et al. 2012), but

how coastal winter habitats are selected and used remains poorly understood.



70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

In this study, we use acoustic telemetry to monitor movements to and within Striped Bass
winter habitats in the Saint John River (SJR), New Brunswick, from 2014-2018 (four
consecutive winter periods). Monitored Striped Bass were determined to include both individuals
of SJR ancestry and non-SJR ancestry that can co-occur in the river (Bentzen and Paterson 2008,
Leblanc et al. 2018, Andrews et al. 2019a). It was predicted that environmental conditions at the
onset and conclusion of winter dictated the migrations to and from repeated, i.e., established
overwintering sites. Within winter habitats, the under-ice conditions of temperature-, dissolved
oxygen, and salinity regulated the Striped Bass aggregation and their patterns of movement. In
Belleisle Bay where strong thermal stratification was observed, we hypothesize that stratification
occurs in fall when large “spring tides” force still warm saline water from the lower estuary of
the SJR over a shallow (1-3 m deep) delta at the mouth of Belleisle Bay after which it sinks into
the bay’s deeper basin, a process known as ectogenic meromixis.
<A> Materials and Methods
<B> Study Area

The SJR is a 55,000 km? watershed that extends ~670 km from the Little Saint John Lake
on the Maine-Québec border to the City of Saint John, New Brunswick, where it empties into the
Bay of Fundy through a narrow opening (~100 m) known as Reversing Falls (Cunjak et al. 2011;
Fig. 1). The head of tide extends to the city of Fredericton ~130 km upstream from the river
mouth, and saltwater intrusion is measurable ~70 km upriver (to the village of Gagetown; Carter
and Dadswell 1983; Fig. 1). Mactaquac Dam and Generating Station (MGS) is the most
downstream located hydroelectric facility and presents a physical barrier to Striped Bass
upstream migration and thus the upstream limit of our study area. In the downstream reach there

are four large mainstem tributaries that join the SJR from the northeast (Fig. 1). Grand Lake and
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Washademoak Lake provide freshwater lacustrine habitats (Carter and Dadswell 1983) while
Belleisle Bay and Kennebecasis Bay are both closer to the river mouth and the Bay of Fundy and
are characterised by greater tidal influence resulting in stratification from saltwater intrusions.
During winter, much of the river becomes ice bound with small patches of open water in
tributary mouths, lake thoroughfares, and at Reversing Falls due to extreme (8 m) tidal
fluctuation.

The SJR is located near the northern extent of Striped Bass Atlantic distribution (Scott
and Scott 1988) and hosts migrants from various population origins throughout the year, i.e.,
SJR, Shubenacadie River, Nova Scotia, and the USA (Wirgin et al. 1995, Bentzen and Paterson
2008, Leblanc et al., 2018, Leblanc et al. 2020). Winter habitats have been identified in all four
major tributaries (Andrews et al. 2018a, 2018b, 2019a) and mixed ancestry winter aggregations
in Belleisle Bay were previously reported by Bradford et al. (2001).
<B> Tagging Methods

Adult Striped Bass (n=44, FL =59 to 112 cm, weight = 3 to 20 kg) were captured at
various locations within the SJR from 2013-2016 (Table I) using angling, commercial trap net,
gill net, and the fish lift at the Mactaquac Dam. Individuals were anesthetized with clove oil
(Eugenol) and surgically implanted with Vemco V13-4L (n=3; tag life=719 days), V16-4L
(n=38; tag life=3650 days), and VV16-6L (n=3; tag life =3650 days) acoustic tags. Tagging
procedures followed those described in Wingate and Secor (2017) using a 40 mg/L solution of
10-part ETOH:1-parts clove oil. Capture locations for this initial tagging group were chosen
throughout the SJR to capture the broadest diversity of movements from Striped Bass varied
ancestry and habitat origin. In 2017, an additional 19 Striped Bass (FL = 69 to 97 cm, weight =5

to 15 kg) were captured by angling directly downstream of the MGS in October and surgically
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implanted with Vemco V16-4L (n=4; tag life = 3650 days) and V16-4H (n=15; tag life= 2305
days) depth (0 to 34 m £ 1.7 m)/temperature (-5°C to 35°C + 0.5°C) acoustic tags. Individuals
fitted with depth/temperature tags were all captured and tagged at the MGS because Striped Bass
occurring at this location were suspected (following observation of the initial tagging group) to
disperse amongst overwintering locations in the fall.

During tagging scale samples were collected for ageing and a clip (1 cm?) of the caudal
fin was collected for genetic analysis to determine ancestry (see Leblanc et al. 2018, Leblanc et
al. 2020). Tag weight (range 9-16 g in water) was < 0.005% of fish weight in all cases and all
tagging and sampling procedures were approved by the University of New Brunswick UNB
Animal Care Committee (Animal Use Protocol Numbers 16026, 15024). Following tagging,
Striped Bass with acoustic pinger tags (n= 37) and Pressure/temperature tags (n=16) were
determined to have provided sufficient detections to resolve multi-year winter habitat occupancy
(Table ).
<B> Tracking Methods

Tagged Striped Bass were tracked with a Vemco VR2W receiver array distributed along
the SJR from the river mouth at Reversing Falls, upstream to the MGS (Fig. 2). The specific
array included n=36 VR2W placements in 2014, 125 in 2015, 128 in 2016, 135 in 2017 and 58 in
2018 (Fig. 2). Additional detection data were received from the Ocean Tracking Network (OTN
- http://oceantrackingnetwork.org/). OTN receivers (n=19) detected tagged Striped Bass within
the river in 2014, 17 in 2015, 48 in 2016, 9 in 2017, and 10 in 2018. OTN receivers (n=13) also
detected Striped Bass outside of the SJR in 2014, 18 in 2015, 11 in 2016, 12 in 2017 and 22 in

2018.
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Manual winter tracking was also conducted from 2014-2017 using a Vemco VR100
receiver from January-March when ice conditions were safe. The tracking procedure involved
walking 50-300 m out from shore, drilling a hole through the ice with a hand or power auger and
listening for tags using directional and omnidirectional hydrophones. This process was repeated
every 1 km along the shore focusing on the river’s main embayments. One-kilometer intervals
were determined to be sufficient based on winter range testing with a tethered VV16-4L acoustic
range test tag tested at 8 depths (1.8-14.6 m) at ranges increasing at 100 m intervals from a
VR100 receiver. The range test tag was clearly detected at distances > 1.5 km. In 2015, 92
locations were manually surveyed with the VR100 receiver from Feb 2 — Mar 29 including in
Grand lake (n=30), Washademoak Lake (n=10), Belleisle Bay (n=24), Kennebecasis Bay and
Darling’s Lake (n=17) and the main stem of the SJR (n=11). In 2016, 55 locations were surveyed
from Jan 24 — Mar 30 including n=12, 12, 10, 15, 6, in Grand Lake, Washademoak Lake,
Belleisle Bay, Kennebecasis River and the main SJR respectively. All tagged Striped Bass were
located during each year either directly through manual tracking or were detected entering a river
tributary or departing the SJR by a VR2W receiver. In some tributaries (i.e., Grand Lake) the
exact winter habitat of Striped Bass took multiple (2-3) winter seasons to locate.

Selected receivers occurring near Striped Bass winter aggregations in lakes were fitted
with Onset HOBO® temperature pendants in 2014 (n=15), the majority of deployed receivers
supported temperature loggers in subsequent years, (n=91) in 2015, (n=79) in 2016, and (n=93)
in 2017 (receivers and associated temperature loggers deployed in 2017 remained in the water
through spring 2018). Vertical temperature lines were deployed in areas of concentrated Striped
Bass in winter in each lake/bay. Temperature lines were fitted with HOBO temperature pendants

spaced at equal intervals of 2-5 m from the bottom to the surface and recorded temperatures
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hourly. When winter habitats were safely accessible and after wintering Striped Bass had been
located, water column profiles of conductivity (uS/cm) and oxygen (%DO) were conducted
using a YSI 6600 multimeric sonde, n=1-2 per lake/season. These point measurements allowed
for some observations to be made for winter habitats, but due to unstable ice conditions were
conducted too infrequently to make regular comparisons with acoustic detections data.

<B> Genetic Methods

All tagged Striped Bass (n= 63) were genotyped. Sequencing methods are described in
Leblanc et al. (2018), with the following exception: DNA isolation was performed using the
E.Z.N.A Tissue DNA Kit (Omega Bio-Tek, Doraville, CA), ideal for processing small tissue
amounts, or the high throughput NucleoMag® 96 Tissue kit (Machery-Nagel, Diren, Germany).
Samples were prepared according to a modified double digest restriction-site associated DNA
sequencing protocol originally developed by Poland et al. (2012), using restriction enzymes Pstl
and Mspl. Sequencing protocol is detailed more fully in LeBlanc et al. (2018) and samples were
analyzed using the same 1217 loci used in by LeBlanc et al. (2018). Individual samples were
retained for genetic analysis if they had less than 30% missing data across all loci, to maximize
number of individuals genotyped in each area.

Genetic structure of individuals was assessed using the R package LEA v. 2.0 (Frichot
and Frangois 2015), which performs least-squared estimates of the genetic ancestry of
individuals without any a priori grouping. Simulations were run assuming 1 to 5 distinct
ancestral populations, or genetic clusters, (K). The most likely K was chosen using a cross-
entropy criterion, with the lowest minimal cross-entropy value considered the most probable
(Frichot et al. 2014). The proportion of an individual’s genome that resembles each genetic

cluster is measured by the ancestry coefficient. Individuals with an ancestry coefficient greater
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than 0.7 (70%) were said to belong to that genetic cluster, and those who were not assigned to
any cluster were considered admixed, or hybrid fish. A threshold of 0.7 was chosen to
complement the missing data threshold for individuals.

<A> Results

<B> Genetics:

A total of 42 Striped Bass from the SJR samples (67% of the 63 sampled) were
successfully genotyped with <30% missing data across 1,217 loci and were compared to
reference Striped Bass collected in Shubenacadie River, Miramichi River, Hudson River, and
upper Chesapeake Bay stocks. The most likely number of genetic clusters (K) when including
reference samples was found to be 4, which identified sampled fish as belonging to the SJR,

Shubenacadie River, Miramichi River, SIR, and the United States samples.

Striped Bass sampled within the SJR originated from three different ancestries including
the Shubenacadie River, Nova Scotia (n=9; 21%), USA stock (n=3; 7%) and a group of
suspected SJR ancestry (n=26; 62%; See Leblanc et al. 2018, Andrews et al. 2019, Leblanc et al.
2020). Striped Bass of Miramichi River origin as tested in the reference samples were not
detected in the SJR. Additionally, n=3 individuals appeared to be admixed between individuals
of USA and- SJR ancestry (7%), and one individual was admixed demonstrating SJR ancestry

and both USA and Shubenacadie River ancestry.

In some cases, Striped Bass (n=7) that were not successfully genotyped or had > 30%
missing data were provisionally assigned an origin based on migrations during the spawning
period. Of these individuals of unconfirmed origin, (n=4) migrated to and were thus assumed to

originate from the Shubenacadie River, and Striped Bass (n=3) were assumed to have SJR
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ancestry as they were observed to migrate to a historic spawning location in the SJR near the

City of Fredericton during each year of tracking (see also Andrews et al. 2019).

<B> Migration to Winter Habitats

In Oct-Nov tagged Striped Bass (n=49) were observed travelling to fixed locations we
classified as overwintering sites within the SJR, additionally, four Striped Bass migrated to
known overwintering sites in Nova Scotia/Minas Basin. Within the SJR, Striped Bass occupied
Grand Lake (20%), Washademoak Lake (18%), Belleisle Bay (38%), and Kennebecasis River
(18%) across all years. Furthermore, individuals were observed to return to the same winter
location in each year of tracking regardless of genetic ancestry (exception, Tag ID: 24949,
32652; see Table I)

In fall 26-38% of tagged Striped Bass congregated at the MGS to feed (see Andrews et
al. 2018) prior to departing for winter habitat. Departure from the MGS occurred during a 16 —
27-day period (mean = 21, SD + 5) from Oct 15 - Nov 13, 2014-2017. The temperature at the
time of departure ranged from 17.7 - 8.4°C (2015-2017), average = 13.6°C (SD £2°C; F among years
=3.2,df=1,p=0.1).

Fall departure from the Kennebecasis River occurred from Oct 11 — Nov 24, 2015-2017,
at a mean temperature of 8.5°C, SD + 3.2°C. Departing Striped Bass (n=4 in 2015, 5 in 2016
and 3 in 2017) all travelled to overwinter in Darling’s Lake (upstream end of Kennebecasis Bay;
Fig. 1) except for one individual migrating to Belleisle Bay in 2015. Departure timing from other
areas of the SJR, i.e., Grand Lake and Oak Point (Fig. 1) ranged from Oct 31 — Nov 13, but there
was insufficient data to describe the migrations and temperatures of departure for these Striped
Bass.

<B> Winter Aggregations

10
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From winter 2014/15-2017/18, 123 observations of winter habitat location were
documented from the 53 tagged individuals for which movement data were available (Table I).
Of these winter observations, 115 (93%) were documented within the SIR: n=23 in 2014, 25 in
2015, 28 in 2016, and 39 in 2017 in four winter habitats: Belleisle Bay (n=47, 38%),
Washademoak Lake (n=22, 18%), Grand Lake (n= 24, 20%), Darling’s Lake (n=22, 18%; Fig.1).

Due to recurring multiyear residency in winter habitats by Striped Bass, proximal tagging
to winter locations may bias assigned proportions. Thus, winter distribution based solely on
individuals captured and tagged downstream of the MGS (Mactaquac or Mactaquac Hatchery;
Table I) were also calculated to remove possible regional tagging bias. Using this method, 60%
of Striped Bass occupied Belleisle Bay, 16% travelled to Washademoak Lake, 12% of Striped
Bass spent the winter in Grand Lake, and 9% occurred in Darling’s Lake (Fig. 1). Only 3% of
tagged Striped Bass exited the SJR under this calculation method. In addition, considering only
Striped Bass of SJR ancestry tagged at MGS, the proportions occupying each winter location
was 68%. 24%, 8%, and 0% in Belleisle Bay, Washademoak Lake, Grand Lake, and Darling’s
Lake respectively.
<C> Grand Lake

Striped Bass overwintering in Grand Lake (Table I) occupied a region of uniform depth
~8.5 m with 2 depressions of ~10 m depth near the northern end of the lake and upstream of the
lake’s single island (Goat Island). Striped Bass (n=3,1,4,3 tagged in 2014, 2015, 2016 and 2017,
respectively) arrived in Grand Lake when temperature at the lake bottom (depth=8 m) was 7.0°C
+ 3.3 (fall 2017). Striped Bass with depth/temperature sensing tags (n= 3 in 2017) were detected
at a depth of 8.6 + 1.37 m from January to May (Fig. 3) and tag temperatures were recorded as

2.61 + 0.98°C during this time. Water temperatures were approximately 0°C from the ice
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surface to 7.5 m deep (n=3 readings), DO was >80% at the Lake bottom (~10m) (YSI sonde
profile; February 28, 2017). Passive receiver arrays also suggest that Striped Bass may occupy
habitat further towards the upstream end of Grand Lake periodically during winter. Striped Bass
detected in Grand Lake over winter were of SJR ancestry (71%), admixed between SJR and USA
stock (12%), or of unknown ancestry (17%; Fig. 1).

<C> Washademoak Lake
Striped Bass overwintering in Washademoak Lake (Oct 14 — Nov 8 in fall to May 4-9 in spring;
Fig. 4) were detected in the main lake basin from ~Oct 14 - Jan 2, 2016-2017 (mean=41 days)
and more sporadically in 2017/2018 between Nov 4 — April 10 (mean =73 days). Tagged
individuals then occupied an area (~4 m deep) in Washademoak Lake’s largest sheltered bay,
Big Cove. This area was occupied from ~Dec 20 — May 3 in 2016/2017 (mean=126 days) and
Dec 15 — May 9 in 2017/2018 (mean =95 days). In winter, water temperatures in Big Cove in
Washademoak Lake dropped as low as 1°C (Dec -March) at which time Striped Bass appear to
occupy depths 3.5-4 m. Striped Bass occupying Washademoak Lake are predominately of SIR
river origin (82%, Fig. 1) and all individuals returned to Washademoak in each study year. Two
individuals (Tag ID, 24949 and 32652) previously detected in Belleisle Bay during winter
switched to the Washademoak Lake during one year of tracking (Table ). Detected Striped Bass

of non-SJR ancestry were of Shubenacadie River origin (9%) or unknown origin (9%; Fig. 3,5)

<C> Belleisle Bay

Belleisle Bay was the main wintering ground for Striped Bass throughout this study as
the location sheltered 60% of tagged Striped Bass during winter (68% of SJR ancestry Striped
Bass; Fig. 1). Striped Bass of non-SJR ancestry included 32% of Shubenacadie River origin, 2%

of US ancestry and 2% of mixed ancestry. The origin of the remaining individuals could not be
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determined. Striped Bass entered Belleisle Bay in late fall (Oct 16 — Nov 5; 2016-2018) after
which they aggregated near the geographic centre of the bay. Some movement along the bay
during winter was also observed.

Striped Bass in Belleisle Bay occupied warm waters resulting from tidally driven
ectogenic meromixis (occurring when salt water from outside origin enters a lake or embayment,
settles to the bottom and maintains a stable thermocline between deep saline waters and surface
fresh waters, Hakala 2004; Fig. 6) in 2 out of 3 study years for which temperature profiles were
available (2016-17 and 2017-18). In those years winter temperatures were as warm as 14.1°C on
Dec 1 and 11.8°C on May 1, in 2016, and 14.2°C on Dec 1 and 10.3°C on May 1 in 2017, as
recorded at depths >15 m and salinities of 2.5-4.6 ppt. Due to the warm water or perhaps
reduced circulation, oxygen was < 60% saturation at depths >18 m, and as a result, Striped Bass
were possibly subject to an inverse temperature oxygen squeeze (see Countant 1985). Striped
Bass thus occupied a median depth of 15 m from Dec to March where a median temperature of
8.8°C was record from December through February cooling to 7.8°C in March; DO% saturation
was >80% at 15 m depth in the same time period (Fig. 6).

Striped Bass that occupied Belleisle Bay over winter returned to this location in each year
of the study. One individual; however, (32652; Table I) was documented switching to overwinter
in Washademoak Lake where it may have been captured or died in early spring. Striped Bass
remain in Belleisle Bay until (May 15; 2016-2018; Fig. 5) when they departed to spawning
habitats. Departure from Belleisle Bay appears to coincide with a rapid increase in water level
and surface water temperature during spring freshets in the SJIR when surface waters of Belleisle

Bay warm rapidly and ice cover melts.
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<C> Darling’s Lake

No Striped Bass that occupied Darling’s Lake from 2014-2018 were of confirmed SJR
ancestry, however, one SJR/USA admixed individual observed in three years (2015-2017) and
accounting for 14% of winter observations was confirmed. Most Striped Bass occupying this
habitat throughout the study were from the USA (19%) or Shubenacadie River (24%; Fig. 1)
while the remainder (43%) were of unknown origin and made no clear spawning migration in
spring.

Striped Bass occupying Darling’s Lake are the only group to which two entry points were
available for access to winter habitat and the use of these entries in both fall and spring was
predictable. Upon entering the overwintering location in the fall (Nov 5 — Nov 28), Striped Bass
(100% in 2015, 83% in 2016 and 83% in 2017) were tracked first arriving via the downstream
entrance of the lake where it meets the Hammond River. When departing in the spring (April 11
— May 3) across all years, Striped Bass (75% in 2016, 67% in 2017 and 67% in 2018) were
recorded exiting through the northern (upstream) entrance to the lake (Fig. 7). Furthermore, each
tracked individual entered and exited the lake in same pattern each year (differences in
percentages are due to newly tagged fish and winter mortalities).

Darling’s Lake provided the smallest area of Striped Bass winter refuge on the SJR (0.6
km? >3.5 m deep). Water temperatures from 0-2 m depth were 0.08 - 0.43°C in 2015 but
increased to 2.34 — 2.86°C from 3 — 4.76 m in depth. Temperatures as low as 0.1°C were
recorded throughout the water column on Dec 14, 2017. Oxygen saturation was 69 - 45%

measured from 3 — 4.76 m depth, though remained between 86 - 77% at depths <3 m.

<B> Overwintering outside of the Saint John River

14



321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

Only four Striped Bass (8% of the total detected) departed from the SJR in the fall and all
were determined to be of Shubenacadie River ancestry (Fig. 1). Three of these individuals
travelled to and resided in Minas passage in winter of 2017 (Nov 20 — Mar 31; see Keyser et al.
2016). Two carried pressure temperature tags which showed they occupied depths from 3.94 m
to >34 m (tags could only read a depth range of 0-34 m and Striped Bass may have occupied
deeper sections of the water column) and temperatures ranging from 11.16°C in November to
1.58°C in late March. Two tagged fish (Tag ID 32652, and 24960 in 2014-2016) were detected
passing through the Minas Passage in late fall (2014-2016); their true wintering location (likely
somewhere in Minas Basin/Nova Scotia) could not be determined. Those same individuals
arrived back in the SJR in early summer (July 4 — August 11; 2015-2018) after the typical
Striped Bass spawning period in the Shubenacadie River (May 16- June 9, Rulifson and
Dadswell 1995; Paramore and Rulifson 2001, Duston et al 2018).
<B> Departure from Winter habitat in the spring

Striped Bass appear to depart winter habitats within the SJIR when waters begin to warm
in the spring and turnover events occur. In Grand Lake departure times varied from April 3 —
May 28 (water temperature 3.5 — 13.5°C measured at ~6 m depth measured in 2018) with a mean
departure date of May 5 (6.2°C). In Washademoak Lake, Striped Bass departed from April 8 —
May 9 (2016-2018) with a mean departure date of April 21. Water temperature at these times
ranged 4.5 - 9.2°C from the surface to waters 9 m deep. In Belleisle Bay all Striped Bass
departed by May 15" in each year of tracking when water temperatures were recorded as 8.0-
9.7°C throughout the water column. Belleisle Bay was the most upstream location with a
moderate proportion of Shubenacadie River origin Striped Bass and those individuals were

observed to depart prior to May 1 (i.e., ahead Striped Bass of SJR ancestry) in 2016 (mean =6°C)
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and 2017 (mean=4.3°C). Striped Bass of Shubenacadie ancestry had all departed by May 7 in
2018 at an average temperature of 7.0°C. Darling’s Lake was predominately occupied by
Striped Bass of non-SJR ancestry (i.e., Shubenacadie and US) and those individuals were
observed to depart from the lake April 11 -May 3 when water column temperatures exceeded

5°C, though few (n=2) were subsequently observed to depart from the river.

<A> Discussion

During winter in the SJR, Striped Bass occupied warmer (2-7°C), oxygenated (> 60%
DO), low salinity (< 4.6 ppt) and sheltered (either within coves, or below stratified water layers)
habitats to which individuals returned throughout the four winters of the study. Most Striped
Bass, 60%, returned each year to winter in Belleisle. These adults were a mix of SJR,
Shubenacadie, and USA ancestry. Interestingly, most SJR ancestry Striped Bass wintered
farthest upriver (Grand Lake and Washademoak lakes), with greater proportions of mixed
ancestry aggregations occurring closer to the river mouth. An additional finding was the fidelity
to the SJR and its wintering habitats by non-SJR ancestry Striped Bass which suggests individual
stocks may be more dependant on stable long-term habitats in non-natal rivers than previously
suspected.

Adult Shubenacadie origin Striped Bass have been detected in SJR winter habitats
(Bradford et al. 2001), but their fidelity to those winter habitats was neither documented nor
suspected. Striped Bass <age-3 do not commonly depart home rivers (Greene et al. 2009);
therefore, they are predicted to become accustomed to overwintering near, or within their natal
rivers. Young-of-the-year Striped Bass of Shubenacadie River ancestry; however, have been

documented in the Petitcodiac River (>200 km from the Shubenacadie River; Dustin et al. 2018)
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and could find their way to the SJR at an early age. Alternatively, the increasing size of the
Shubenacadie River population (COSEWIC 2012), and evidence of changing winter habitat
selection in individuals from that population (Gemperline et al. 2002) suggests that adults
occasionally emigrate from the Shubenacadie River to seek new winter habitats, e.g., the SIR or
Minas Passage (see Keyser et al. 2018). Dispersal mechanisms do exist i.e., migratory groups,
increasing population, and individual size (Waldman et al. 1990) and could possibly explain the
occurrence of Shubenacadie Striped Bass in the SIR overwinter, but this does not explain the
reoccurring wintering of these individuals in the SJR now observed. Similarly, Striped Bass with
USA ancestry were documented re-occupying winter habitats within the SJR through the study
and furthermore remained in the river in spring during the spawning period.

Of the winter habitats occupied in the SJR, Belleisle Bay was by far the most frequently
utilized location, sheltering ~60% of all Striped Bass amongst study years (Fig. 1). This high
rate of occupancy of Belleisle Bay occurred despite no Striped Bass being tagged in this location.
Belleisle Bay is also the farthest winter habitat from all possible spawning locations (see
Andrews et al. 2020) which would be the source of juveniles with SIR Ancestry and thus they
appear to bypass closer winter habitats in favour of this location. The high rate of occupancy in
Belleisle Bay is likely due to the strong thermal stratification and the related DO and salinity
stratification observed in most years attracting Striped Bass of SJR and non-SJR ancestry. The
winter conditions selected by Striped Bass throughout the SIR were well defined which also
suggests a limited availability of necessary winter habitats but strong stratification within
Belleisle may offer large expanses of “sheltered” habitat occurring below the halocline that could

be attractive to Striped Bass regardless of temperature.

17



389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

Striped Bass appear to select sheltered locations which either occurred below the
thermo/halocline or within coves in order to avoid tidal movement and secondarily select the
warmest available water providing sufficient oxygen is available i.e., >80%. Striped Bass may
also be affected by rain events during winter that alter their exiting winter conditions, i.e., runoff
of freshwater (Chaisson et al. 2002). Striped Bass in this study appeared to move downstream
following large rainfall events and the subsequent increase in river discharge. The downstream
movement may have been the result of physical displacement following increased river
discharges or the added freshwater may have altered river salinities or temperature causing
Striped Bass to move in response. Further evidence of the environmental control of habitat was
observed in spring when departure from the winter habitat coincided with the dissipation of the
cold surface waters and loss of thermal stratification. Overall, the evidence suggests that winter
habitats in northern waters are very well defined and limited and in the case of the SIR are not

occupied opportunistically.

<A> Conclusion

The SJR offers a rare opportunity for comparison of multiple, distinct Striped Bass stocks
and their winter habitats. We demonstrated that Striped Bass of SJR ancestry seek out the same
overwintering locations annually in the SJR beginning as early as age-2 (Andrews et al. 2020b).
Interestingly, this behaviour also holds true for Striped Bass of non-SJR ancestry with all bass of
various ancestries (i.e., Shubenacadie, USA) returning to specific river habitats across all years
of monitoring. This observation suggests winter habitat fidelity driven by persistent
environmental conditions is another component of the known fidelity to natal rivers. Belleisle

Bay was favoured as winter habitat most probably because of its stratified
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warm/saline/oxygenated water, and this bay has a well established and long-documented winter
presence of Striped Bass (Reviewed in Andrews et al., 2017).

Given the high use and fidelity to the winter habitats we observed, the heavy commercial
fishing on overwintering habitats, particularly Belleisle Bay occurring until 1978 (Andrews et al.
2017) may have historically resulted in near extirpation of the 68% of SJR ancestry Striped Bass
observed to occupy that location. Winter habitat fidelity to other regions of the SIR, namely
Grand Lake; however, may have spared the entire SJR stock from collapse notwithstanding
subsequent impacts imposed by the Mactaquac Dam (see Andrews et al. 2020).

The results of this study should prompt mangers to examine the sustainability of current
and future Striped Bass commercial and recreational fisheries throughout the species range
which may inadvertently target distinct winter contingents instead of the overall Striped Bass
stocks. Depending on location and stock origin fixed gear fisheries occurring near known winter

habitats may impart significant localised effects on multi ancestry stocks with unknown effects.

<A> Acknowledgements

We would like to thank the Wildlife Trust Fund for funding the purchase of the Vemco
depth/temperature sensing tags, Chris Palmer and Meghann Bruce for their many long days
spend on the SJR ice, and Steve Delaney for his invaluable observations of Striped Bass around
the Hampton Marsh and Kennebecasis River. Finally, we would like to thank NSERC CRDPJ

462708 — 13 for their financial assistance in funding this project.

19



435

436

437

438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

<A> References

Andrews SN, Linnansaari T, Curry RA, Dadswell MJ (2017) The Misunderstood Striped Bass of
the Saint John River, New Brunswick: Past, Present, and Future. N Am J Fish Manage
37: 235-254.

Andrews SN, Wallace B, Gautreau M, Linnansaari T, Curry RA (2018a) Seasonal movements of
Striped Bass Morone saxatilis in a large tidal and hydropower regulated river. Environ
Biol Fishes 101:1549-1558.

Andrews SN, Zelman K, Ellis T, Linnansaari T, Curry RA (2018b) Diet of Striped Bass and
Muskellunge Downstream of a large Hydroelectric Dam. A Preliminary Investigation
into suspected Atlantic Salmon Smolt Predation. N Am J Fish Manage 38:734-746.

Andrews SN, Buhariwalla CF, Fleet-Pardy B, Dadswell MJ, Linnansaari T, Curry RA (2019a)
Left out in the cold: the understudied overwintering ecology of striped bass in Canada.
Environ Biol Fishes 102:499-518.

Andrews SN, Leblanc N, Linnansaari T, Pavey S, Curry RA (2020a) Interannual Variation in
Spawning Success and Juvenile Ecology of Striped Bass (Morone saxatilis) in the Saint
John River New Brunswick. (in review)

Andrews S N, Leblanc N M, Linnansaari T, Pavey S A, Curry R A (2020b) Interannual Variation
in Spawning Success and Juvenile Ecology of Striped Bass (Morone saxatilis) in the

Saint John River New Brunswick. River Res Appl 36:13-24

20



458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

478

Bednarski MS (2007) Overwintering biology of Striped Bass (Morone saxatilis) in the Thames
River, Connecticut. Master’s thesis, Queens College of the City University of New York,
New York, USA.

Bentzen P, Paterson IG (2008) Genetic analysis of Striped Bass collected by Kingsclear First
Nation in the Saint John River, New Brunswick. Report to the Department of Fisheries
and Oceans, Dartmouth, Nova Scotia.

Bernier R (1996) Relation entre la croissance minimale et la mortalité hivernale sur les classes
d’age de la population the bars rayés (Morone saxatilis) de la Miramichi. Université de
Moncton, Département de Biologie. Initiation de la recherche BI-4416.

Biro PA, Morton AE, Post JR, Parkinson EA (2004) Over-winter lipid depletion and mortality of
age-0 rainbow trout (Oncorhynchus mykiss). Can J Fish Aquat Sci 61:1513-1519.

Bradford RG, Tremblay G, Chaput GJ (1998) Winter distribution of Striped Bass (Morone
saxatilis) and associated environmental condictiones in Kouchibouguac National Park
during 1996-1997. Ecosystems Monitoring and Data Report 0003.

Bradford RG, LeBlanc P, Bentzen P (2012) Update status report on Bay of Fundy Striped Bass
(Morone saxatilis). Can Sci Advis Sec Res Doc 2012/021.

Bradford RG, Cairns D, Jessop B (2001) Update on the status of Striped Bass (Morone saxatilis)
in eastern Canada in 1998. Can Sci Advis Sec Res Doc 2001/007.

Carter JCH, Dadswell MJ (1983) Seasonal and spatial distributions of planktonic Crustacea in
the lower Saint John River, a multi-basin estuary in New Brunswick, Canada. Estuaries

6:142-153.

21



479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

Chaisson G, Gallant PA, Mallet P (2002) Traditional and local knowledge: estuarine fisheries
by-catch in the southern Gulf of St. Lawrence; ecosystem-based fisheries management
consideration. Can Manus Report Fish Aquat Sci 26/13.

COSEWIC (Committee on the Status of Endangered wildlife in Canada) (2012) COSEWIC
Assessment and status report on the Striped Bass (Morone saxatilis) in Canada.
Committee on the Status of Endangered Wildlife in Canada. Ottawa. Iv + 79 pp.

(www.registrelep-sararegistry.gc.ca/default_e.cfm)

Countant CC (1985) Striped Bass, Temperature, and Dissolved oxygen: A Speculative
Hypothesis for Environmental Risk. Trans Am Fish Soc 114:31-61.

Cunjak RA, Monk WA, Haralampides K, Baird DJ (2011) River habitats. Pages 57-75 in Kidd S
D, Curry RA, Munkittrick KR (eds) The Saint John River: a state of the environment
report. Canadian Rivers institute, Fredericton, New Brunswick.

Dadswell MJ (1975) Mercury, DDT, and PCB content of certain fishes from the Saint John River
estuary, New Brunswick. Transactions of the Atlantic Chapter, Canadian Society of
Environmental Biologists annual meeting. Huntsman Marine Laboratory, St. Andrews,
New Brunswick.

Dunning JD, Waldman JR, Ross QE, Mattson MT (1997) Use of Atlantic Tomcod and other
Prey by Striped Bass in the Lower Hudson River Estuary during winter. Trans Am Fish
Soc 126:857-861.

Duston J, Manriquez-Hernandez J, Maclnnis GM, Reesor CM, Astatkie T (2018) Striped Bass
Early Life History in the Macrotidal Shubenacadie River. Trans Am Fish Soc 147:919-

938.

22

[ Formatted: English (Canada)



http://www.registrelep-sararegistry.gc.ca/default_e.cfm

501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

516

517

518

519

520

521

522

523

Frichot E, Francois O (2015) LEA: and R package for Landscape and ecological association
studies. Methods Ecol Evol 6:925-929.

Frichot E, Mathieu F, Trouillon T, Bouchard G, Francois O (2014) Fast and efficient estimation
of individuals ancestry coefficients. Genetics 196:973-983.

Gemperline PJ, Rulifson RA, Paramore L (2002) Multi-way analysis of trace elements in fish
otoliths to track migratory patterns. Chemometr Intell Lab systems 60:135-146.

Greene KE, Zimmerman JL, Laney RW, Thomas-Blate J (2009) Atlantic coast diadromous fish
habitat: a review of Utilization, threats, recommendations for conservation, and research
needs. Atlantic States Marine Fisheries Commission Habitat Management Series 464.

Hakala A (2004) Meromixis as a part of lake evolution — observations and a revised
classification of true meromictic lakes in Finland. Boreal Environ Res 9:37-53

Hollis EH (1952) Variations in the Feeding Habits of the Striped Bass, Roccus saxatilis
(Walbaum), in Chesapeake Bay. U.S. Fish and Wildlife Service Department of the
Interior.

Hurst TP (2007) Causes and consequences of winter mortality in fishes. J Fish Biol 71:315-345.

Hurst TP, Connover DO (2003) Seasonal and interannual variation in the allometry of energy in
juvenile Striped Bass. Ecology 84:12.

Johnsen PB, Hasler D (2011) Winter aggregations of carp (Cyprinus carpio) as revealed by
ultrasonic tracking. Trans Am Fish Soc 106:556-559

Keyser FM, Broome JE, Bradford RG, Sanderson B, Redden AM (2016) Winter presence and
temperature-related diel vertical migration of Striped Bass (Morone saxatilis) in an
extreme high flow passage in the inner Bay of Fundy. Can J Fish Aquat Sci 73:1777-

1736.

23



524  Leblanc NM, Andrews SN, Avery TS, Puncher GN, Gahagan BI, Whitely AR, Curry RA, Pavey
525 SA (2018) Evidence of a Genetically Distinct Population of Striped Bass Within the Saint
526 John River, New Brunswick, Canada. N Am J Fish Manage 38:1339-1349.

527  Maclnnis G (2012) Spatiotemporal distribution of eggs and age-0 Striped Bass (Morone

528 saxatilis) in the Shubenacadie River Estuary. Master’s thesis. Dalhousie University,

529 Halifax, Nova Scotia.

530  Overton AS, Manooch II1 CS, Smith JW, Brennan K (2008) Interactions between adult

531 migratory Striped Bass (Morone saxatilis) and their prey during winter off the Virginia
532 and North Carolina coast from 1994 through 2007. Fishery Bulletin 106:174-182.

533  Poland JA, Brown PJ, Sorrells ME, Jannink JL (2012) Development of high-density genetic
534 maps for barley and wheat using a novel two-enzyme genotyping-by-sequencing

535 approach. PLoS ONE 7 32253.

536  Ridgway MS, Hurley DA, Scott KA (1990) Effects of winter temperature and predation on the
537 abundance of Alewife (Alosa pseudoharengus) in the Bay of Quinte, Lake Ontario. J
538 Great Lakes Res 16: 11-20.

539  Robitaille JA, Ouellette G (1991) Problématique de la réintroduction du bat rayé (Morone

540 saxatilis) dans le Saint-Laurent. Ministére du Loisir, de la Chasse et de la Péche,

541 Direction de la gestion des especes et des habitats. Rapport Technique, ix + 62 pp.

542  Rulifson RA, McKenna SA, Gallagher ML (1987) Tagging Studies of Striped Bass and River
543 Herring in Upper Bay of Fundy. North Carolina Department of Natural Resources and
544 Community Development Division of Marine and Fisheries, North Carolina.

545  Rulifson RA, Dadswell MJ (1995) Life history and population characteristics of Striped Bass in

546 Atlantic Canada. Trans Am Fish Soc 128:613-624.

24



547

548

549

550

551

552

553

554

555

556

557

558

559

560

561

562

563

564

565

566

567

568

569

Scott WB, Scott MG (1988) Atlantic fishes of Canada. Can J Fish Aquat Sci 219:359-360.

Waldman JR, Dunning DJ, Quentin ER, Mattson MT (1990) Range Dynamics of Hudson River
Striped Bass along the Atlantic Coast. Trans Am Fish Soc 119:910-919.

Williamson FA (1974) Populations studies of Striped Bass Morone saxatilis in the Saint John
and Annapolis River. Master’s thesis. Acadia University. Wolfville Nova Scotia. 60p.

Wingate RL, Secor DH (2007) Intercept Telemetry of the Hudson River Striped Bass Resident
Contingent: Migration and Homing Patterns. Trans Am Fish Soc 136:95-104.

Winslow L, Read J, Woolway R, Brentrup J, Leach T, Zwart J, Albers S and Collinge D (2019) r
LakeAnalyzer: Lake Physics Tools. R package version 1.11.4.1.https://CRAN.R-project.o
rg/package=rLakeAnalyzer

Wirgin 1, Jessop B, Courtenay S, Pederson M, Maceda S, Waldman JR (1995) Mixed-stock
analysis of Striped Bass in two rivers in the Bay of Fundy as revealed by mitochondrial

DNA. Can J Fish Aquat Sci 52:961-970.

Table I: Biometric table for acoustically tagged Striped Bass including their annual winter
location within and exterior to the Saint John River over four years of tracking (2014-2018).
Genetic origin is also displayed as SJR (Saint John River ancestry), SHUB (Shubenacadie River,
Nova Scotia), USA (United States origin) or admixed (SJR/US). Genetic Origins followed by
“?” had too much missing data to assign true population of origin but the origin was inferred

based on chosen spring spawning locations (i.e., SHUB? Individuals travelled to the
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570

571

572

573

574

575

Shubenacadie river NS during each spawning period, SJIR? Individuals travelled to Fredericton,

NB). Striped Bass that died or were undetected following tagging (n=10) were omitted from the

table. Striped Bass are sorted by tagging date and overwintering location. Note: two individuals

switched from Belleisle Bay to Washademoak Lake each in one year of tracking, they are

marked in dark grey.

2014/2015 2015/2016 2016/2017 2017/2018
Weight Genetic Winter Winter Winter Winter
TagID __ Tagging date Tagging location FL (cm kg Origin location location location location
32646 2014-05-23 Grand Lake 725 5.35 SR Grand Lake Died in Grand Lake in winter 2015/16
24952 2014-06-11 Grand Lake 67.4 3.95 SIR Grand Lake Grand Lake Grand Lake Grand Lake
24942 2014-07-16 Mactaquac Hatchery 73 5.62 Grand Lake Grand Lake Grand Lake Grand Lake
&J 22139 2015-06-15 Grand Lake 61 3.36 SIR? Grand Lake Grand Lake Grand Lake
3 22138 2016-05-11 Flowers Cove 73 5.20 SR Grand Lake Grand Lake
e} 21323 2016-05-11 Flowers Cove 68 413 SIR Grand Lake Grand Lake
E 21324 2016-05-11 Flowers Cove n 4.59 SR Grand Lake Grand Lake
o 21328 2016-05-20 Grand Lake 66 3.00 SIR/IUS Grand Lake Grand Lake
11242 2017-10-14 Mactaquac 97 8.02 SIR/US Grand Lake
11232 2017-10-25 Mactaquac 90 10.64 SIR Grand Lake
11430 2017-10-26 Mactaquac 97 15.04 SIR Grand Lake
o ML 200611 Grand Lake 78.4 7.08 SIR &a;‘;;;e:az‘
g 24946 2014-08-21 Mactaquac hatchery 76 6.53 SIR?
E 24944 2014-08-22 Mactaquac hatchery 76 4.94 SIR
§ 21326 2015-10-24 Washademoak 79 6.40 SR
'5) 22132 2015-10-24 Washademoak 79 7.03 SR
g 22135 2016-05-27 Grand Lake 94 1235 Washademoak ~ Washademoak
11250 2017-10-23 Mactaquac 79 6.27 SIR Washademoak
32645 2013-10-04 Mactaquac hatchery 83.6 9.30 Belleisle Bay Died in Belleisle Bay in winter 2015/16
32647 2013-10-04 Mactaquac hatchery 76.5 6.52 SHUB? Belleisle Bay Belleisle Bay Belleisle Bay Belleisle Bay
32648 2013-10-04 Mactaquac hatchery 90.9 9.66 us Belleisle Bay Captured in Bay of Fundy?
24949 2014-06-11 Grand Lake 76.6 6.58 SHUB? Belleisle Bay _ Belleisle Bay Belleisle Bay
22136 2015-06-20 Hampton Marsh 94 9.34 SR Died in Belleisle Bay in winter 2014/15
24948 2014-08-22 Mactaquac hatchery 67.6 4.54 SIR Belleisle Bay Belleisle Bay Belleisle Bay Belleisle Bay
> 24950 2014-08-22 Mactaquac hatchery 69.3 4.49 SIR? Belleisle Bay Belleisle Bay Belleisle Bay Belleisle Bay
5 24953 2014-08-22 Mactaquac hatchery 85 9.25 SIR Belleisle Bay Died in Belleisle Bay in winter 2015/16
@ 24954 2014-09-12 Mactaquac hatchery 80 7.35 SIR Belleisle Bay Belleisle Bay Belleisle Bay Belleisle Bay
z’ 24956 2014-09-12 Mactaquac hatchery 715 6.40 SIR Belleisle Bay Belleisle Bay Belleisle Bay Belleisle Bay
% 24958 2014-0913  Reversing Falls 8L5 7.48 SHUB Belleisle Bay ~ Belleisle Bay  Belleisle Bay g:s‘g;e;’uin“ X
oM 32652 2014-09-13 Reversing falls 75.8 4.94 SHUB? Belleisle Bay Belleisle Bay
22141 2015-06-10 Grand Lake 68 5.76 SIR Belleisle Bay Belleisle Bay Belleisle Bay
11254 2017-10-14 Mactaquac 76 5.46 SIR/US Belleisle Bay
Died in
11258 2017-10-15  Mactaquac % 1197 SR Bellesle in
201718
11256 2017-10-15 Mactaquac 89.5 9.47 SHUB Belleisle Bay
11252 2017-10-23 Mactaquac 83 7.3 SIR Belleisle Bay

26



576
577

578

579

580

581

582

583
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585
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587

588
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Died in

11240 2017-10-25 Mactaguac 77 7.18 SIR Belleisle in
winter
201718
11238 2017-10-25 Mactaquac 76 7.28 SIR? Belleisle Bay
11246 2017-10-25 Mactaquac 83 8.89 SHUB Belleisle Bay
11230 2017-10-25 Mactaquac 7 6.35 SIR Belleisle Bay
11234 2017-10-25 Mactaquac 82 10.27 SIR Belleisle Bay
11426 2017-10-25 Mactaquac 88 10.11 SHUB Belleisle Bay
24941 2014-07-25 Hampton Marsh 95.2 10.52 Darling's Lake Darling's Lake Darling's Lake Darling's Lake
[¢5) 24943 2014-07-25 Hampton Marsh 100 13.79 Darling's Lake Darling's Lake Darling's Lake Darling's Lake
X
f_ﬁ 24945 2014-07-25 Hampton Marsh 112 19.60 Darling's Lake Died in Darling's Lake in winter 2015/16
_g 24959 2014-09-12 Mactaquac hatchery 775 6.03 SHUB? Darlings Lake Died at reversing falls, catch and release?
E 24957 2014-09-12 Mactaquac hatchery 80.8 7.67 SHUB? Darling's Lake Darling's Lake Darling's Lake Darling's Lake
E 22137 2015-06-15 Grand Lake 74 5.03 SJRIUS Darling's Lake Darling's Lake Darling's Lake
D 22133 2016-06-09 Hampton Marsh 79 7.06 us Darling's Lake Darling's Lake
24945* 2016-06-17 Hampton Marsh 112 19.83 us Darling's Lake Darling's Lake
o 32650 2014-06-09 Hampton Marsh 58.7 2.95 SHUB? Outside SIR Outside SIR Captured or did not return to SIR
b .
ﬁ 24960 2014-09-13 Reversing Falls 83.7 771 SHUB? Outside SIR Outside SIR Outside SIR QABIS::SQS
S s oor0s Mactaguac 93 11.33 SHUB Minas
2 Passage
5 1244 20171025 Mactaquac 80 7.33 SHUB Minas
o q ) Passage

*Striped Bass 24945 tagged in 2014-07-25 died overwinter in Darling’s lake in 2016, this same

tag (denoted as 24945a) was re-implanted into a Striped Bass on 2016-06-17

Figure 1: The lower Saint John River, New Brunswick including the four major tributaries with
Striped Bass winter aggregations in 2014-2017 including overall percentages of all tracked
Striped Bass at each location calculated from individuals tagged at Mactaquac Dam. Proportions
of Striped Bass of each identified stock ancestry occupying each winter habitat are graphicaly
denoted. Saint John River ancestry (blue), suspected Saint John River ancestry (blue stipple),
Shubenacadie River ancestry (green), suspected Shubenacadie River ancestry (green stipple),
United States ancestry (yellow), USA/SJR admixed (yellow/blue stripe) and unknown (grey). All
Striped Bass departing from the Saint John River prior to winter were of known (n=2) or

suspected (n=2) Shubenacadie River origin.
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Figure 2: Locations of Striped Bass tagging (fish symbols), project specific VR2W receiver
placements (black points), and OTN receivers (black open circles) which detected tagged Striped

Bass along the Saint John River, New Brunswick from 2014-2018.

Figure 3: Striped Bass winter activity in Grand Lake, Saint John River, New Brunswick: Panels
(A) 2015-16; (B) 2016-17; and (C) 2017-18. Panels 1(A-C) show the receiver locations at points
with a line to match panels 2 (A-C) and river kilometers. Panels 2 (A-C) are density isopleths of
mean hourly upstream location (n=6332 (A), 16816 (B), and 14044 (C) points) for detected
individuals, the outermost contour is the 90% isopleth. Horizontal lines correspond to receivers
in panels 1 (A-C). Panels 3 (A-C) are the winter residency times for individual detected Striped
Bass including date and water temperature of first and last detection, blue lines indicate Striped
Bass of Saint John River ancestry or SIR/USA admixed individuals, grey line indicates Striped
Bass of unknown ancestry. Panel 4 (C) is water temperature of Grand Lake over winter recorded
continuously at a receiver in the wintering ground at 7 m depth. Note: This figure contains data

from Striped Bass tagged from 2013-2016 (i.e., non-sensor acoustic tags) only.

Figure 4: Striped Bass winter activity in Washademoak Lake, Saint John River, New Brunswick:
Panels (A) 2015-16; (B) 2016-17; and (C) 2017-18. Panels 1(A-C) show the receiver locations at
points with a line to match panels 2 (A-C) and river kilometers. Panels 2 (A-C) are density
isopleths of mean hourly upstream location (n=7403 (A), 22537 (B), and 16907 (C) points) for
detected individuals, the outermost contour is the 90% isopleth. Horizontal lines correspond to
receivers in panels 1 (A-C). Panels 3 (A-C) are the winter residency times of detected Striped

Bass including date and water temperature of first and last detection, blue lines indicate Striped
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Bass of Saint John River ancestry, green are Shubenacadie River ancestry and the greys lines
represents Striped Bass of unknown ancestry. Panel 4 (C) is water temperature of Washademoak
Lake over winter recorded continuously on a temperature line (star point, panel 1A, 1B) and
receiver stationed at 5 m depth at river km 76 (C). Note: This figure contains data from Striped

Bass tagged from 2013-2016 (i.e., non-sensor acoustic tags) only.

Figure 5: Striped Bass winter activity in Belleisle Bay, Saint John River, New Brunswick: Panels
(A) 2015-16; (B) 2016-17; and (C) 2017-18. Panels 1(A-C) show the receiver locations at points
with a line to match panels 2 (A-C) and river kilometers. Panels 2 (A-C) are density isopleths of
mean hourly river kms (n=27480 (A), 18561 (B), and 19891(C) points) for detected individuals,
the outermost contour is the 90% isopleth. Horizontal lines correspond to receivers in panels 1
(A-C). Panels 3 (A-C) are the winter residency times of detected Striped Bass including date and
water temperature of first and last detection, blue lines indicate Striped Bass of Saint John River
ancestry and green lines are Shubenacadie River ancestry individuals. Panel 4 (C) is water
temperature of Belleisle Bay over winter recorded continuously on a temperature line at star
points on panels 1(A-C). Winter 2016/2017 and 2017/2018 exhibit ectogenic meromixis with
saline bottom layers remaining near 13°C despite surface ice cover. Note: This figure contains

data from Striped Bass tagged from 2013-2016 (i.e., non-sensor acoustic tags) only.

Figure 6: Vertical movement of a single Striped Bass tagged with a pressure and temperature
sensing tag (black dotted line; Tag ID: 22138) occupying Belleisle Bay Oct 28-May 3, 2017-18.
Black and grey lines represent the average daily minimum, maximum and median depth of all

pressure/temperature tagged Striped Bass detected in Belleisle Bay over winter (n=8, 2017-

29



637

638

639

640

641

642

643

644

645

646

647

648

649

650

651

652

653

654

655

656

657

2018). Temperature (°C, indicated by colour scale) was measured continuously at 1-hour
intervals across the winter season using a temperature logger string (loggers positioned at
6,9,12,15,18,21,24,27,30.5 m depth; Latitude 45.59076, Longitude -65.93513). The white band
at the top of the chart (surface) indicates missing temperature data from 0-6m near surface ice

cover.

Figure 7: Striped Bass winter activity in Darling’s Lake, Saint John River, New Brunswick:
Panels (A) 2015-16; (B) 2016-17; and (C) 2017-18. Panels 1(A-C) show the receiver locations at
points with a line to match panels 2 (A-C) and river kilometers. Panels 2 (A-C) are density
isopleths of mean hourly river kms (n=12557 (A), 19820 (B), and 18272 (C) points) for detected
individuals, the outermost contour is the 90% isopleth. Horizontal lines correspond to receivers
in panels 1 (A-C). Panels 3 (A-C) are the winter residency times of detected Striped Bass
including date and water temperature of first and last detection, blue lines indicate SIR/USA
admixed Striped Bass, green lines indicate Striped Bass of Shubenacadie River ancestry, yellow
are USA ancestry and grey lines are Striped Bass of unknown ancestry. Circle and Triangle
points on panel 3 (A-C) indicate entry and exit route to and from Darling’s Lake. Panel 4 (C) is
water temperature of Darling’s Lake over winter recorded continuously on a temperature line
(temperature line located at Star point on panel 1 A-C). Note: This figure contains data from
Striped Bass tagged from 2013-2016 (i.e., non-sensor acoustic tags) only. Striped Bass tag ID
24945 in panel A3 died in winter (black point), this same tag was re-implanted in Striped Bass

24945* that was detected in 2016-17, 2017-18.
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