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ABSTRACT

_ Gowmh rates were calculated for recently energed
juvenile pink sal non (Oncorhynchus gorbuscha) Hel d at™ const ant
wat er tenperatures of 4°, 8°, and 12° C for 6 weeks. The
juveniles in all treatnents were fed |ive zoopl ankton to
excess, and exhibited a mnimumgrowh rate of 1.64% bodg

wei 8ht per day (bw d) at 4°C and maxi num growth rate of 3.25%
bwd at 12°C.° Gowth rates were significantly different

(P < 0.05) between 4°, 8°, and 12°C treatnent groups. A

I'i near nodel of juvenile pink salmon growth was devel oped
using data fromthis and tive other studies. This nodel
provides a sinple and reliable means to project the potenti al
growm h rate of {uvem | e pink sal non when natural zoopl ankton
prey is abundant and estuarine water tenperatures are between

4.0° and 18.3°C
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| NTRODUCTI ON

The pink sal mon (Oncorhynchus gorbuscha) is the snall est
and nost abundant of the five species of Pacific sal non found
in Alaska. After spending 12-14 nonths at sea, adult pink
salmon return from the pelagic zones of the North Pacific,
Ccean bet ween JU|K and Septenber to spawn-in coastal streans
(Bailey 1969). The eggs and alevins develop with-in
interstices of the streanmbed gravel for several months. From
m d- March to m d-June, the pink salnon energe as fry and
m grate downstreamto the marine environnment (fBai ley et al.
1975). Once in the estuary, the pink salnmon fry formtight
schools in the nearshore surface waters and generally feed on
smal | zoopl ankters (Bailey et al. 1975). During this “period,
surface water terrgeraturesrange from about 3.5° to 13°C
(Ziemann et al. 1990) and prey-abundance ranges from5 to 55
organi sms per liter (Coyle and Paul 1990). pid growth of
juvenile pink sal non (>4% body wei ght per day [bw d]) during
their early marine residence nmay be-an inportant nechani sm
t hat evolved to reduce size-dependent predation by Iarger fish
(Parker 1971; Heal ey 1982; Hargreaves and LeBrasseur-1985).
This rapid growth is-thought to be related to environnental
conditions and food- availability. Water tenperature is a
significant environmental factor influencing the growth of
juvenile chum sal non (0. keta) and sockeye salmon (O nerka)
(Pal oheino and Dickie 1966; Brett et al. 1969,; Brett 1979;
Veatherley and G|l 1987). However, little work-has been done
to isolate and assess the effects of water tenperature on the
growth of juvenile pink sal non.

Qur objectives were to determne the maximumgrowh rate
of recently enmerged juvenile pink sal non over a range of-water
tenperatures nost likely to be encountered. in the wild and to
provide resource managers with a sinple-'nodel of growh rate

as a function of water tenperature.

METHODS

Juvenile pink sal non were captured between |ate April and
md-May at a weir at the mouth of Auke Creek in Southeast
Al aska. These fish were actively emgrating fromtheir natal
stream  The captured fish were reared at three different
tenmperatures, wWth tw aquaria for each tenperature treatnent.

We prepared the aquaria by punping seawater (salinity
29% directly fromthe 30 mmlevel (depth) of Auke Bay through
a 10 ymsand filter to three head tanks at 5 |/mn. A
subnersible electric water heater in each head tank warmed the
water to 4°, 8°, or 12°.C (+ 0.1°C). Each head tank supplied a
pair of 60 1 aquaria wth warnmed water at a rate of 1.0 [/ mn.
Two broad-spectrum 25 Wfluorescent lanps fitted with plastic
l'ight-diffuser panels provided each pair of aquaria with a
wat er surface light intensity of 0.900 pwWwcm nm,
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approxi mating the natural light intensity (1 hour after
sunrise on an overcast day at Auke Bay in md-April) and day
length (18 hours light) matched to the season and |atitude.

Each aquari um was stocked with 250 juvenile pink sal non
(4.2 fish/l). After the first 24 hours, any dead fish were
replaced with live fish. Initially, average fish weight
ranged from 266 to 290 ng (Table 1

The fish were fed zoopl ankton collected from nearshore
areas (3 to 20 mfrom shore) of Auke Bay by towing a 0.233 nm
mesh, 1 mdianmeter conical net about 1 m bel ow the water
surface behind a small skiff. The live zoopl ankton were
i medi ately placed in a 250 1 holding tank with about 200 1 of
6°C filtered and aerated seawater. Zoopl ankton were collected
continuously during the day to ensure an adequate supply of
prey for the experiment. The collected zoopl ankton consi sted
primarily of small cal anoid copepods (Pseudocal anus sp. and
Acartia sp.), copepodids and copepod nauplii, euphausiid
| arvae; polychaetes, barnacle nauplii and cyprids, and bivalve
| arvae. The relative nunber of each of the zoopl ankters was
not determned. COccasionally when the anount of live
zoopl ankton col |l ected was not sufficient to feed the fish to
satiation, the diet was supplenented with frozen zoopl ankton
concentrate collected in Auke Bay before the experinment.

Zoopl ankt on were placed in each aquariumat 2-hour _
intervals during the 18- hour Iight cycle, providing a standing
zoopl ankton crop of at least 100 plankters per liter (pl/l).

For 6 weeks, 25 juvenile salnon were renoved weekly from
each tank (15 fromeach 12°C tank for weeks 5 and 6) and
i mobilized wth a solution of M5-222 (methane tricaine-
sul fonate) at the appropriate water tenperature. The sal nmon
were then weighed to the nearest mlligramand allowed to
recover in a tank of seawater held at the appropriate
tenperature before being returned to-the test aquaria.

The growth rate of the fish in each aquarium was
described using an exponential nodel

Wy =W, x e, (Eg. 1)

where d is tine in days, Gis the daily growh rate, and W
and W are the fish weight at the beginning and end of the
time-period. Using this nodel, weight can be expressed as a
l'inear function of tine,

~1n(w,) = Gd + 1n(W,). ‘ ' (Eq. 2)

Li near regression was used to fit the natural |og of
observed weights to this equation. The conmputed slope of the
regression equation is then the sBecific grow h rate over the
interval, which, when nultiplied by 100, can be expressed as
percent body weight gained per day (%w d).



Table I.--Mean weights (ng) and standard deviations (in parentheses) of juvenile pink

salmon reared at water tenperatures of 4°, 8°, and 12°C over a 42-day period
(n = 25).
4-0 C 8.° C 120 C
Replicate Replicate Replicate
Day | 2
0 290 (30.52) 283 (18.82) 285 (17.78) 274 (23.66) 279 (34.69) 266 (25.57)
7 310 (33.99) 294 (25.67) 306 (30.79) 331 (38.04) 302 (31.49) 311 (22.82)
14 366 (34.40) 362 (39.01) 412 (25.56) 430 (48.90) 448 (64.89) 406 (54.59)
21 388 (35.17) 424 (27.04) 473 (76.68) 472 (47.43) 543 (89.91) 520 (66.68)
28 462 (70.43) 450 (49.66) 607 (59.48) 634 (53.38) 646 (74.89), 648 (74.89),
35 503 (21.99) 501 (83.57) 718 (73.97) 734 (59.93) 831 (52.86), 831 (88.53),
42 587 (48.73) 567 (59.01) . 848 (86.64) 872 (34.16) 987 (77.39) 1010 (97.96)
* (n = 15) ‘ -
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An anal ysis of covariance (ANCOVA) was used to determ ne
whet her growth rates (slopes of the regression |ines) anong
different treatnment groups of fish were equal (Zar 1974). If
the growth rates were significantly different (P < 0.05), then
t he Newman-Keuls nultiple-range-test was used to test for
differences between each pair of growth rates (Zar 1974).

A sinple linear nodel,
G= a + bt, (Eg. 3)

where Gis growth rate (%wd), a is the water tenperature at
a zero growth rate, b is growmh acceleration rate, and tis
wat er tenperature was then used to predict maxi mum grow h
rates of juvenile pink salnmon fed at nmaxi mumrations at
various water tenperatures between 4° and 18.3°C. Data were
i ncorporated into the analysis fromfive additional studies
which cultured juvenile pink salmn: two studies involved
short-termrearing in seawater net-pens (Martin et al. 1981;
A. C. Wertheiner, Fisheries Biologist, Auke Bay Lab. Pers.
commun., Septenber 1989), and three involved culture of
juvenile pink salnmon in laboratory aquaria (Brett 1974,
Kepshire 1976; Ml es and Rice 1983). In all five studies the
fish were fed to excess with a commercially prepared fish
food, and water tenperatures were cal cul ated as neanval ues
over the rearing period.

RESULTS

Gowh rates of juvenile pink salnon in each treatnment
oup in our study ranged from 1.64% to 3.25% bw d (Table 2).
sh held at 12°C grew significantly faster (3.25% bw d)

P < 0.05) than those at 4°C and 8°C, and fish held at 8°C
2.77% bw/ d) grew significantly faster than those at 4°C
(1.71% bw d). There was no significant difference (P < 0.05)
between paired tenperature groups. Assuming these rates
remain constant, it would-take 41-42 days for a juvenile pink
gal mon to double in weight at 4°C, at 12°C it would take 21-22
ays.

_ During the experinent, fish in both 12°C aquaria became
di seased. This epizootic, diagnosed as a conbination of
several stress-related bacterial infections, began at day 33
of the experinment with the death of a few fish in each
aquarium At this point each of the tanks was treated with
Diquat at |evels recommended by personnel at the State of

Al aska Fish Pathology Laboratory in Juneau, Al aska. However,
within a week, the 12°C aquaria |lost 102 and 107 fi sh,

gr
Fi
(
(

"Reference to trade nanes does not inply endorsenent by the National
Marine Fisheries Service, NOAA.
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respectively. The remaining fish continued to feed actively
but exhibited a |owlevel chronic infection rate. Dissolved
oxygen |levels in each tank averaged about 5.5 ppm throughout
the epizootic. The 4°C and 8°C aquaria each | ost fewer than
20 fish over the 42-day study period.

The sinple linear growh nodel, based on data from our
stpdy and five others (Table 3), provided a satisfactory fit
(r®=0.92, P=10.00, Fig. 1). The paraneters of the linear
regression were G = 0.925 + 0.224t, where G = growh as %wd

and t= water tenperature.

Table 2. --Gowmh rates with upper and |ower confidence limts
(CL) for juvenile pink salnmon held at 4°, 8°, and
12°C. Gowh rate was determ ned as the slope
resulting fromthe regression of the natural |og of
wei ghts of individual fish as a function of tine in
days and expressed as Perpent body wei ght gained per
day (%%w d). The coefficients of determnation (r°)
are al so presented.

Gowh rate

Wt er
t enperature Lower Upper )
(°C) Replicate % bw/ d CL CL r
4 1 1.64 1.59 1.68 0.72
4 2 1.71 1.67 1.74 0..83
8 1 2.71 2.68 2.75 0.91
8 2 2. 77 2.73 2.81 0.92
12 1 3.11 3. 07 3.15 0. 88
12 2 3.25 3.21 3.30 0. 88
DI SCUSSI ON

~ The growth pattern disPIayed by {uvenile pi nk sal non was
simlar to that docunented for juvenile sockeye salnon (Brett
et al. 1969) and for juvenile rainbow trout (0. nykiss)
(Hokanson et al. 1977). The growth rates of the juvenile
sockeye and rainbow trout were roughly linear between |° and
12°C but declined to an asynptote near 15°C. Cbserved growh
rates of juvenile pink salnmon fromour study seened to
approach an asynptote at 12°C but it may be an artifact of the
di sease outbreak in these groups. The actual tenperature
where an asynptote is reached coul d be higher.



Table 3. --Daily growth rates of juvenile pink salmon fromthis study conpared to the
growth rates of juvenile pink salnmon from other studies. Water tenperatures
remai ned constant except where parentheses encl ose tenperature range during
the study period. Al juvenile salnon were fed near maxinumration with wld
zoopl ankton or a prepared diet.

Mean initial Growth rate Mean water
wet weight (mg) Days (%bw/d) temperature (-°C) ~ Source
290 42 1.64 4.0 Our study
283 42 1.71 4.0 non
285 - ' 42 2.71 8.0 . nwon
274 ) 42 2.77 8.0 . non
279 42 3.11 12.0 noon
266 42 3.25 12.0 : won
270 30 2.37 4.7 (4.0 - 6.8)" Martin et al. 1981
236 28 2.19 7.9 (7.8 - 8.1) Wertheimer (pers. comm.)
325 40 3.23 8.0 Moles and Rice 1983
236 34 : 3.25 9.6 (7.8 - 11.1) Wertheimer (pers. comm.)
1810 40 3.95 12.8 Kepshire 1976
2870 » 28 4.49 15.0 - Brett 1974
- 1800 40 4.74 15.6 Kepshire 1976
2110 40 5.13 18.3 " "
1770 40 4.80 18.3 "w. "

*Heard et al. (1977)



%bw/d

| G=0.925+0.224t

rko2 . m

B 9‘5%10.'. : -
B Observed data
| Calculated Adata

i T T T T = — T
6 8 10 12 14 16 18

Figure 1. --Predict ed(%r owh rate (Y%w d) and 95% confi dence

i nterval ) for growmh data presented in Table 3.
G =growth rate; t = water tenperature; observed
data = data solely fromour study; calcul ated data
= conbi ned data fromour study and Brett 1974,
Kepshire 1976, Martin et al. 1981, Mles and Rice
1983, and Wertheimer (pers. conmun.).
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_ Several studies-have conputed growh rates of wld
juvenile ﬁlnk sal non during seaward migration. Phillips and
Barrcl ough (1978) found that juvenile pink salnmn sanpled in
the Straits of CGeorgia, British Colunbia, grew about 3.6-4.5%
bw d durln% 70-88 days between April and June. Lebrasseur and
Par ker (1964) establ|shed that in the marine waters of central
British. Colunbia the juvenile pink salnon grew about |.8-5.5%
bw d between mid-April and mid-July. Al though neither study
presented water tenperature data, Healey (1979) reports that
estuarine tenperatures in British Columbia can range from|0°
to 15°C during these nonths. Coded-wire ta%?ed juvenile pink
sal mon in Auke Bay, Alaska, grew from 3.6% bw d (over 63 days,
nmean ten'Ferature 8.1°C to 4.9% bw d (over 71 days, nean tenp-
erature 11.4°C) fromApril to June (Mrtensen and Wert hei ner
1988).

In conparison, the observed growth rates and those
predicted by the sinple linear nodel for juvenile pink sal non
In our study were lower than growh rates cal cul ated from
juveniles actually captured in estuarine rearing areas.

Hi gher ?romﬁh rates of the fry captured in estuaries naﬁ
result from several factors. The sinple |inear nodel at we
devel oped by including data fromother studies may not
accurately predict the growth of juvenile salmon. Those
studies were not originally designed to determne growh rates
of juvenile pink salnon at various tenperatures under
controlled conditions. The juvenile pink salmon in the
estuary were probably a m xture of ages, resulting in m xed
growth rates which would differ from juveniles in our study.
Si ze-sel ective predation (Parker 1971) may elimnate smaller
fish-from the natural population, resulting in artificially
high calculated growth rates. Also, at tinmes the water
tenperatures may have exceeded 12°C, resulting in higher
growh rates during those studies.

Alternatively, lower growmh rates may have been
precipitated by the types of prey fed to juvenile pink sal non
reared in tanks and net-pens. For exanple, Volk et al. (1984)
found that the epibenthic harpacticoid copepod Tigriopus
californicus was converted nore efficiently than the pel agic
cal anoid copepod Pseudocal anus mnutus. Therefore, the
consistently lower growth rates indicated by. our prediction
nodel may have resulted fromthe use of small pelagic
organi sns and comrercially prepared food.

A fifth explanation may be that stress from crowding,
confinenent, and handling may have reduced growth rates of
cultured pink salmon relative to free-ranging fish. T h e
di sease probl em observed at 12°C in our study is evidence of
stress-related conplications of crowding or confinenent.

Al though the data presented in our study may not reflect
the exact growth rates of juvenile pink sal non under natural
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conditions, the results demonstrate that growth rate s
directly relatedto water tenperature over the nor mal
tenperaturér ange encountered by these fish. Agj mpl e linear
model describes the rel ati onshi p; fishery biol Ogi sts and
hatchery manager can use the nodel to optinize rel ease tinmng
to achieve the maxinum growth rate in the early parine

envi ronnent
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