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INTRODUCTION

The stock abundance of the northern Atlantic cod, Gadus morhua, is presently at
2 historic low level. In the mid 1960's the spawning stock biomass (historically assumed
to be fish aged 7+ for statistical purposes) exceeded a million metric tons (Lear and
Parsons 1993), but overfishing eventually caused the cod stock to collapse. Consequently
a moratorium on domestic fishing was established by the Canadian Federal Government in
1992 (Hutchings and Myers 1994a). By 1992 the total stock size (fish aged 3+) had
dropped to 125,000 mt (Bishop ef al. 1993). In 1993 the spawning biomass of the
northern cod stock was estimated at 22,000 mt (Lear and Parsons 1993). Age at 50%
‘maturity since the late 1980's has shown a trend toward younger (4-5 yrs old) fish
(Taggart et al. 1994). The present spawning biomass is composed of relatively young
cod.

The intent of the current moratorium on fishing cod in Atlantic Canada is to allow
the cod stocks to recover. However a recovery of the northern cod stock has not been
detected (Fisheries Resource Conservation Council 1996). One management option is
intervention to increase the spawning biomass (Wroblewski ef a/. 1996). It may be
possible to increase the numbers of mature cod through release of farmed fish and thus
enhance recruitment to the northern Atlantic cod population (Working Group on Cod
Enhancement 1994). This could be achieved operationally by capturing young cod in
traps, holding them in pens, feeding them to satiation throughout the growth season, and
releasing them back into the wild. Cod farmers in Newfoundland have demonstrated that
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fish taken from the wild, held in sea cages, and fed a natural diet, can double in weight and
grow several centimeters in length over the summer months (Fisher 1988). Late in the
growth season most weight gain appears as gonadal tissue rather than somatic tissue (Lee
1988). Some juvenile cod may reach sexual maturity one year earlier in farms than in the
wild (Waiwood 1982; Karlsen e al. 1995). Once released, farm fish could augment the
spawning biomass of cod resident in Newfoundland bays (Wroblewski ef al. 1994;
Ruzzante ef al. 1996; Wroblewski ef al. 1996). There is generally a positive relationship
Barrowman 1996).

The method of stock enhancement being investigated in this study, termed “grow-
out and release” (Working Group on Cod Enhancement 1994), is novel in terms of
stock programs. Traditionally, fish are raised in a hatchery from

the egg stage and then released into the wild at various life-history stages (depending on
the species), but generally as juveniles (Richards and Edwards 1986). Hatchery based
stocking programs have met with much criticism over the years, especially regarding their
effectiveness at increasing numbers of fish, and the fitness of fish after release (Howell
1994; White et al. 1995). There have been numerous accounts of behavioral, genetic,
hysiological, and i i iated with hatchery released fish (see

reviews by Blaxter 1975; Marnell 1986; Heggberget et al. 1993; Washington and Koziol
1993; White et al. 1995); hence the need for other stock enhancement strategies (eg.

Blankenship and Leber 1995). The grow-out and release method involves growth



advancement of wild fish, rather than production of eggs and juveniles in a hatchery.

However there may be behavioral effects of captivity stemming from holding and feeding.

There is information available on the fecundity of cod cultured from the egg stage
(eg- Kjesbu 1989; Kjesbu er al. 1991), but published information on the potential fecundity
of wild cod fed in captivity is limited. Chambers and Waiwood (1996) report the
fecundity of captive cod as the number of eggs released, rather than quantity of eggs in the
ovary prior to spawning (potential fecundity). They also do not report the feeding level of
their experimental fish.

The first objective of this study (chapter 1) was to determine if wild northern cod
would have significant gains in potential fecundity, after being fed to near satiation every
2-3 days over several growing seasons. I hypothesized that farmed cod would have
significantly greater fecundity than wild cod of the same length, weight, or age. A second
objective (chapter 2) was to determine if cod, held captive over several growing seasons in
nearshore waters, would have a similar spawning period as wild cod. I hypothesized that
holding cod in sub-zero waters over the winter would delay their spawning period relative
to wild cod which overwinter in deeper, warmer waters. Related to the second objective,
I also examined the viability of eggs and larvae of farmed cod. A third objective (chapter
3) was to test the hypothesis that captive cod would become domesticated by feeding (ie.
the cod would become tame and accustomed to their new home). Therefore once

released, the time to leave the farm site would be significantly longer for captive cod than



wild cod (released at the same time and place). As part of this third objective, I also
wished to determine if captivity had any effects on fishing mortality of cod after their

release back into the ocean.



CHAPTER 1

Fecundity of farmed northern Atlantic cod

For cod enhancement by “grow-out and release” to be feasible there must be a
significant gain in the fecundity of farmed cod over wild cod. Hence, a study was
conducted to compare fecundities of both groups. This involved determining the
fecundities of fish with a known history from a cod farm, and comparing them to
published fecundity data of wild cod. Condition factors, as an indication of nutritional
well-being, were also compared between farmed and wild fish (sampled at the same time).
I hypothesized that the fecundity of farmed cod would be significantly greater than the
fecundity of same size (or age) wild cod.

1.1 Materials and Methods

The study was conducted in the Random Island region of Trinity Bay (Figure 1.1).
During June 1992 several thousand juvenile and adult cod were captured in a cod trap
near East Random Head, Trinity Bay and transported by boat (Fisher 1988) to a sea cage
in Gooseberry Cove (Figure 1.2). The sea cage measured approximately 9x 11 x Sm
deep and was moored in water of 18 m depth. The number of cod in the cage declined
over time as some fish were harvested each fall. There was an annual loss of
approximately 5% of the fish due to natural mortality (eg. predation by sea otters). On 17
April, 1995 there were approximately 1000 cod remaining in the cage. By 4 April 1996

there were only about 300 cod in the cage. These were the fish used in the present study.



The fish were maintained in the cage for four years and fed natural prey
(fresh/frozen: capelin, herring, or squid based on local availability) through the growth
season (May to October). The fish were fed to satiation every 2-3 days. Feeding ceased
with the onset of cold water temperatures in the late fall (October to November), as
expected (Waiwood et al. 1991).

Landfast ice covered the site annually from early February until mid-late April.
During the winter months the fish survived in sub-zero water by producing antifreeze
glycoproteins (Fletcher et al. 1997). Temperature and salinity profiles adjacent to the
cage were taken periodically during the winter of 1993-94 using a Seabird Electronics Inc.
Seacat SBE 19-03 (see Fletcher er al. 1997). Salinity profiles indicated a salinity of
approximately 32 ppt below a depth of 1 m. Freshwater runoff lowered the salinities of
the upper meter occasionally below 15 ppt. Temperature at 5 m depth was recorded near
continuously from 17 April 1995 to 4 April 1996 (Figure 1.3) using a Vemco Ltd. Sealog-

TD, attached to the bottom of the sea cage.

Mor i and ition factors of farmed and wild cod
On 17 April 1995 twelve farmed fish were sacrificed for health evaluation.
Analyses were at two ies: Fisheries and Marine Institute,

ial University of and the Atlantic Veterinary College, University of
Prince Edward Island.
During 17-18 April 1995, 244 farmed fish were randomly sampled from the cage

for fork length (L) (nearest 0.5 cm), whole wet weight (W) (+ 10 g), and presence of the



gill parasite Lernaeocera branchialis (Appendix A). For comparison, 267 wild cod
caught in Smith Sound, Trinity Bay (Figure 1.2) on 24-25 April 1995 were sampled for
fork length (nearest cm), whole wet weight (£ 5 g) and external parasites (Appendix B).
The fish were caught using an otter trawl (# 36 Yankee) at a depth of 154 meters by the
C.R.V. Shamook. The duration of the tow was five minutes. Sagittal otoliths were
removed from 37 farmed and 50 wild cod for aging by personnel at Science Branch, DFO,
St. John's (Appendix A, B).

Farmed and wild fish were also sampled in September, 1995 for an indication of
post-spawning condition. On 7 September 1995, 45 farmed fish were randomly sampled
for fork length (to nearest 0.5 cm), whole (W) and gutted (W) weights (+ 10 g), and liver
weight ( 10 g) (Appendix C). On 26 September 1995, 49 wild fish were randomly
sampled from a sentinel fishery (Davis and Jarvis 1996). The fish were caught with
gillnets (5.5 inch mesh) set in Smith Sound (Figure 1.2). Measurements were made in the
same manner as for the farmed fish (Appendix D). The presence of L. branchialis was also
noted for each group. All fish sampled in September were aged using sagittal otoliths.

On 4 April 1996, 15 female farmed cod were sampled prior to spawning.
Measurements of whole body wet weight and gutted weight (+ 20 g), gill, liver and ovary
weights (+ 1 g), and fork length (to nearest cm) were taken (Appendix E). The presence
of external and internal parasites was noted. Sagittal otoliths were removed for aging.
Spawning checks between growth rings were noted when present (May 1960). Fulton’s
condition factor (K) was calculated as K =W /L’ x 100. K, uses gutted wet body weight,
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W, , rather than W. The gonado-somatic index (GSI) was calculated as GSI = (gonad wet
weight / W) x 100. The hepato-somatic index (HSI) was calculated as HSI = (liver wet
weight / W) x 100.
Fecundity analysis of farmed cod
Sampling of the 15 female farmed cod on 4 April 1996 was conducted before
spawning to avoid loss of hydrated eggs. Gonads were collected late enough in the annual

cycle so that vitellogenic (present ion) and previtellogenic (<250
pm)(second generation) oocytes could be separated by size (May 1967; Kjesbu et al.
1990). Previtellogenic oocytes were not included in fecundity estimates, since they would
not be released until the following spawning season. Following Kjesbu e al. (1991),
potential fecundity was defined as the number of vitellogenic oocytes in an ovary prior to
spawning.

The fifteen females sampled on 4 April 1996 were identified by cannulation for
fecundity analysis, whereby a plastic tube (2.0 mm inside diameter) was inserted into the
genital pore and a small number of oocytes were sampled via suction. If the biopsy
showed no hydrated oocytes, the female was selected for subsequent analysis. Later

examination of the ovaries revealed that two of these fish had commenced hydration, so

their ination was not i beyond i and
factors.

The potential fecundity of the remaining 13 fish was determined using the
gravimetric wet weight method (Bagenal 1978; Kjesbu 1989). This method gave values



consistent with two other methods for measuring fecundity (Wroblewski et al. 1997);
hence, it was used for this study (easiest of the three methods). Three subsamples of
ovarian tissue (each 100-300 mg) were taken from the middle of the right ovary (Table
1.1). Kjesbu (1988) found sampling from the centre of the ovary as reliable as sampling
from other locations. This homogeneous nature occurs since the germinal epithelium is so
highly convoluted that it completely fills the ovary (Beverton and Holt 1957).
Vitellogenic oocytes in each subsample were counted using a dissecting microscope with
an ocular micrometer. Very few oocytes smaller than 250 pm were observed and
consequently only oocytes > 250 um were counted. Subsample counts were averaged.
Potential fecundity was then calculated using the wet weight of the ovary.

The fecundities of Gooseberry Cove farmed cod were then compared to fecundity
data of wild cod from Labrador and eastern Newfoundland (May 1967) and from Trinity
Bay (Pinhorn 1984). Our data was also compared to Norwegian cod cultured from the
egg (Kjesbu 1989; Kjesbu ef al. 1991).

Statistical analysis

All equations were derived from regression analyses, and the weight-length
relationships for farmed and wild cod were compared using ANCOVA (general linear
model, Minitab, 1989), with type I error rate & = 0.05, following the procedures described
in Sokal and Rohif (1995).

1.2 Results

Feeding captive Trinity Bay cod for four growth seasons in sea cages, to near



10
satiation levels with natural feed (natural feed is considered a high growth diet; see Jobling
1988), resulted in the weight-length relationship shown in Figure 1.4, expressed by the
equation W =0.0302 L*™ (r* = 0.69, p <0.0005). Wild Trinity Bay cod sampled in
Smith Sound on 25 April 1995 had a lower weight at length relationship, expressed by W
=0.0115L** (*=0.91, p < 0.0005) (Figure 1.4). The data was log-transformed for a
straight line relationship according to:

W=al®
logW=loga+blogL
and an ANCOVA was performed to determine if the two groups of fish were significantly

different. The slopes of the log- data were not signif different (F, o5 =

1.32, p = 0.252) so a revised model was used without the interaction term. The means for
the two groups and hence the intercepts differed significantly (F, s = 728.87, p <

0.0005). The revised model was:
W=aL>*®

log W=loga +2.89logL
where: 2, =-1.72125 (the intercept for farmed cod)
', =-1.88606 (the intercept for wild cod)
and: W =0.019 L*® (for farmed)
W =0.013 L**® (for wild)
This clearly indicates that farmed cod were heavier (approx. 1-2 kg) over the length range
tested. The residuals were not associated with the fitted values; therefore the model is

acceptable. Also, the residuals plotted against the normal scores was a straight line.



Therefore the p-values from the ANOVA tables could be trusted.

Figure 1.5 shows that near the end of the fourth growth season (September 1995),
farmed cod were almost twice the weight of wild cod of the same age. The weight-age
relationship for 45 Trinity Bay farmed cod was W, =758 A - 1549 (©=0.30,p <
0.0005), and for 49 wild cod was W, =411 A - 464 (= 0.38, p < 0.0005).

The farmed cod were in good health as necropsy reports from both pathology
laboratories on the fish sampled on 17 April 1995 confirmed the absence of infectious
organisms. The farmed fish had a higher condition (K) than wild cod at the times of
sampling in April (F, s, = 101.31, p <0.0005), and September (F, o = 8.28, p < 0.005),
1995 (Table 1.2). As well, in September the K for farmed cod was greater than that
computed for wild cod (F, s =4.93, p = 0.029) (Table 1.2). A higher HSI also revealed
the farmed fish had larger livers in the post-spawning condition during September (F) 5 =
52.97, p < 0.0005) (Table 1.2).

Four percent of 242 farmed cod examined on 17-18 April 1995 had one or more
gill parasites (L. branchialis) (Appendix A), while 11% of 267 wild cod from Smith
Sound examined on 24 April 1995 were infected (Appendix B). L. branchialis may cause
slow growth of Atlantic cod (Kahn et al. 1990). A few Anisakis sp. were found on the
livers of farmed cod sampled for fecundity measurements on 4 April 1996; however, these
larval nematodes were not observed in Gooseberry Cove farmed fish before this date.
There were no L. branchialis present on the 4 April 1996 samples. Spawning checks on

otoliths were clearly observed in 4 out of 15 farmed cod examined on 4 April 1996.
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Multiple spawning was evident in 3 fish, with first spawning check at age 4 in one fish and
at age S for the others.
Potential fecundity of farmed cod

The potential fecundity of the farmed Trinity Bay cod was a function of the whole
wet body weight of the fish, expressed as F = 1.19x 10° W - 6.0 x 10* (* = 0.29, p=
0.035). The potential fecundity of the farmed cod plotted against the gutted-gilled weight
of the fish (Figure 1.6) was F = 1.43 x 10° W, + 4.3 x 10° (* = 0.23, p = 0.058) where
W, is the gutted-gilled weight. Pinhorn (1984) did not plot fecundity against weight for
wild Trinity Bay cod, so the relationship for 21 northern Grand Bank cod, F = 4.1 x 10
W, +4.2x 10° (7 = 0.52, p < 0.01) ( May 1967) , was used for comparison in Figure 1.6.

The potential fecundity of the farmed Trinity Bay cod as a function of length
(Figure 1.7) was not statistically significant (i.e. the slope of the relationship was not
different from zero) (= 0.06, p = 0.199). Pinhorn (1984) found a relationship between
fecundity of 78 wild Trinity Bay cod and length, F = 1.778 L*® (=0.61, p=0.01)

(Figure 1.7). Comparing his data to that of May (1967), Pinhorn (1984) found no

significant diffe in dity-length relationships between Trinity Bay cod and cod
from the eastern Newfoundland continental shelf.

The fecundity of farmed Trinity Bay cod could not be related to the age of the fish
(Figure 1.8). Pinhorn (1984) found a relationship between age and fecundity for 78 wild
Trinity Bay cod, and his equation F = 21878 A'*' (r = 0.52, p = 0.01) where A is age has

been plotted in Figure 1.8.



Relative fecundity of farmed cod

Following Kjesbu and Holm (1994), the relative fecundities of the farmed cod
were calculated as F/S were F is the potential fecundity and S is the somatic weight
(whole body wet weight - wet weight of ovary). Moderately fed (2-3% body weight every
2-3 days) farmed Placentia Bay cod (Wroblewski ef al. 1997) were compared to the
farmed cod of this study (fed to satiation every 2-3 days). The mean relative fecundity (+
sd) of farmed Placentia Bay cod was 916 (401, n = 35) oocytes per gram of somatic
weight (Figure 1.9). The mean relative fecundity (+ sd) for farmed Trinity Bay cod was
1187 (+249, n=13). Since the variances of the two groups were unequal, a Smith-
Satterthwaite one-tailed t-test (Devore 1987, pg. 339) was used to determine whether the
farmed cod in this study had a higher relative fecundity than the farmed Placentia Bay cod.
The farmed Trinity Bay cod had significantly more oocytes per gram somatic weight (t =
2.56, p=0.015, df =36).

The relative fecundity achieved by farming at Gooseberry Cove was nearly
identical to that of cod cultured under a high feeding regime in a laboratory experiment
(Kjesbu and Holm 1994, Fig. 1). For comparison, the mean relative fecundity (& sd) for
wild cod from the Guif of St. Lawrence (Buzeta and Waiwood 1982) is 409.8 (+ 174,n=
32), shown in Figure 1.9.

1.3 Discussion

The farmed cod fecundity data of this study was compared to wild cod fecundity

reported by May (1967) and Pinhorn (1984). It was assumed that fecundities of
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Newfoundland cod have not changed since these original studies. Kjesbu (1989) found
that fecundities of coastal Norwegian cod in 1986-1987 were not significantly different
from that reported in 1959. However, during the collapse of the cod fishery off
Newfoundland’s east coast, reduced fecundities within the spawning biomass due to poor
condition (reduced food availability) may have occurred. There may also have been a
‘multi-year trend in reduced fecundity leading up to the collapse of the fishery.
vitellogenic oocyte production, and hence potential fecundity, compared to free-living
cod. The potential fecundity of farmed fish is a function of weight of the fish, as it is in the
wild (May 1967, Pinhorn 1984). Weight-at-length and weight-at-age of the farmed cod
‘were considerably higher than observed in wild cod, indicating an advanced fecundity at
length (age). Moreover, the relative fecundity (potential fecundity per unit somatic
weight) of farmed cod was higher than in the wild, suggesting that wild cod do not always
feed to satiation or they have different energy expenditures from farmed cod. In
comparison to farmed cod from Placentia Bay the higher relative fecundity of the farmed
Trinity Bay cod (Figure 1.9) was also related to feeding levels. The field results were
consistent with relative fecundities achieved in cod raised in the laboratory. First time
spawners raised in the laboratory by Kjesbu and Holm (1994) had similar relative
fecundities to the repeat spawners of this study. Thus, it appears that one growth season
in captivity may be sufficient for wild cod to maximize their relative fecundity during the

subsequent spawning period.



Recruitment potential represented by the weight of farmed cod released into
Newfoundland bays would be underestimated if one simply used fecundity-weight
relationships based on wild cod (eg. May 1967 Pinhorn 1984). My data indicate that
feeding cod to satiation over four growth seasons resuited in greatly advanced fecundity.
Cod from Trinity Bay farmed over four growth seasons and fed to satiation obtained
fecundities 2-4 times that of their wild counterparts (Figures 1.6, 1.7). Good condition, as
a result of satiated feeding, of the farmed cod after spawning likely resulted in high
fecundities the following year. Kjesbu er al. (1991) found that cod with high condition
factors produce more previtellogenic oocytes and used a larger fraction during
vitellogenesis. Few oocytes, < 250 um, were observed in the ovarian samples of the
farmed cod indicating that most oocytes were maturing, or that the ovarian tissue
examined undersampled the lamellae containing small oocytes.

Whether released farmed cod will continue to produce more eggs, compared to

their wild counterparts, in subsequent years after release has yet to be determined. Kjesbu

et al. (1996) suggested that for cod raised in the y, high rep:

in one season negatively affected egg production and growth in the following