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Giant Pacific or weathervane sea scal-
lops, Patinopecten caurinus, were first
fished commercially in the Gulf of
Alaska in 1967, when 3449 kg of
unshucked sea scallops (estimated 341
kg of meats) were landed at Kodiak,
Alaska (Haynes and Powell, 1968). The
discovery of commercially exploitable
stocks of giant Pacific sea scallops led
to a fishery that expanded rapidly, and
landings increased to 856 metric tons
(t) of schucked meats by 1969 (ADF&G,
1979). For the next two decades, scallop
landings fluctuated greatly (ADF&G,
1987), a result of limited stocks, restric-
tive regulations, and more lucrative
opportunities in other Alaska fisheries
(Kaiser, 1986). Since 1990, however,
the fishery has changed from a part-
time fleet to a dedicated full-time fleet
with the influx of larger, more efficient
vessels. This change has led to sus-
tained near-record harvests (up to 823
t) and the adoption of new manage-
ment measures for the fishery (Shirley
and Kruse, 1995; NMFS?).

Most of the biological literature on
giant Pacific scallops relates to fishing
exploration (Rathjen and Rivers, 1964;
Haynes and Powell, 1968; Ronholt
and Hitz, 1968; Haynes and McMul-
len, 1970; Bourne, 1988), aquaculture
(Beattie, 1985; Thompson et al., 1985;

1 National Marine Fisheries Service. 1996.
Fishery management plan for the scallop
fishery off Alaska. Unpubl. document.
Natl. Mar. Fish. Serv.,, P.O. Box 21668,
Juneau, AK 99802, 123 p.

Rhee, 1989), or reproductive biology
(Hennick, 1970 and 1971; Robinson
and Breese, 1984). Age and growth of
giant Pacific scallops have been stud-
ied in populations off Oregon (Starr
and McCrae, 1983), Washington and
the Strait of Georgia (Haynes and Hitz,
1971), northern Gulf of Alaska (Kaiser,
1986; Hennick?2), and the lower Cook
Inlet region (Hammarstrom and Mer-
ritt, 1985).

A lack of data on biological produc-
tivity has affected recent efforts to
develop a fishery management plan
(FMP) for Alaska giant Pacific scallop
stocks (NMFS?). It has inhibited the
development of yield models and a
numeric specification of overfishing (an
FMP requirement) and resulted in a
simple numeric range given for opti-
mal yield. However, there is a renewed
interest in acquiring better informa-
tion for stock assessments and biolog-
ical parameters needed to implement
an exploitation-rate harvest strategy
for the fishery (NMFS?).

This note presents results of a com-
parative growth study of stocks of giant
Pacific scallops in the Gulf of Alaska.
Samples for this study were collected
during the initial explorations for com-
mercial quantities of these scallops in
1968 (Haynes and Powell, 1968); thus

2 Hennick, D. P. 1973. Sea scallop, Pati-
nopecten  caurinus, investigations in
Alaska. Commer. Fish. Res. Develop. Act,
project 5-23-R, completion rep. (unpubl.).
Alaska Dep. Fish and Game, Juneau, AK
99801, 38 p.

these data yield prefishery biological
parameters that can provide a base-
line to evaluate fishery impacts on
the giant Pacific scallop populations in
Alaska.

Methods

Giant Pacific scallops were collected
at six locations in the Gulf of Alaska
from 27 April to 6 June 1968 (Fig. 1).
Sampling was done from the chartered
FV Viking Queen with a standard New
Bedford type sea scallop dredge 3.96
m wide (equipped with 10-cm rings). A
detailed description of this type of gear
is given in Posgay (1957) and Bourne
(1964). The locations and depths of
sampling were 1) on Albatross Bank
at 92-104 m, 2) on Marmot Flats
at 73-104 m, 3) in lower Cook Inlet
at 108-122 m, 4) off Cape St. Elias
at 91-102 m, 5) off Ocean Cape at
82-91m, and 6) off Lituya Bay at
64-75 m. Areas were selected for their
geographic separation and likely abun-
dance of scallops. Giant Pacific scallops
were shucked aboard the vessel, and
the upper valves were retained for age
and growth analyses. At each location,
59-248 scallops were selected (Table
1); the only criterion for selection was
that each sample include a wide range
of sizes. Because larger (and rarer)
scallops were more likely to be chosen,
samples were not selected at random.
Within a sample, however, the range of
sizes at any given age was not great; for
the purpose of fitting growth curves,
we assumed that each age class was
sampled randomly.

Ages were determined by counting
clearly visible annuli (growth rings) on
the outer surface of the upper valve.
The first annulus is formed halfway
during the second year of life; scallops
spawn in the summer and the annuli
are formed in the winter (Haynes and
Hitz, 1971). This aging method has
been used extensively to study mol-
lusk growth, such as in studies on
the North Atlantic sea scallop, Placo-
pecten magellanicus (Stevenson, 1934;
Stevenson and Dickie, 1954; Merrell et
al., 1961), and on the European sea
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Figure 1
The six areas in the Gulf of Alaska sampled for giant Pacific sea scallops during the

Viking Queen survey, 1968.

scallop, Pecten maximus (Gibson, 1956; Mason, 1957), and
shows reasonably good agreement with “true” (isotopi-
cally predicted) ages when growth rings are clearly visible
(Dare and Deith, 1989). Application of the method to Pati-
nopecten caurinus has been verified by Haynes and Hitz
(1971).

Terminal shell heights (size of shell to the last annulus;
hereafter called “shell heights”) were used to fit a growth
model for each sample (Table 1). No attempt was made to
determine the sex of the scallops because of indications
that growth differences between sexes were insignificant.3
After our sampling, scientists of the ADF&G provided sex
and age data for scallops taken in August 1970 northwest
of Kodiak Island. The von Bertalanffy growth model was
fitted to these data, and growth differences between sexes
were tested as described in the following section.

Estimation and fitting of von Bertalanffy curves

Mean shell heights by age were plotted for sea scallops
in each sample (Fig. 2). Growth decreased steadily with
age, suggesting that sigmoid growth was not present or
that the shell heights used were beyond the point of inflec-
tion; thus the von Bertalanffy growth model was consid-
ered appropriate for our study. In this model, length of the
ith individual at age ¢ is

=0 1= +e; e ~ N(©0,6%).

Kimura (1980) showed that maximum likelihood esti-
mation for the von Bertalanffy curve is equivalent to

3 ADF&G. 1970. Unpubl. observations. Alaska Dept. Fish
and Game, Kodiak, AK 99615.

finding least-square estimates of model parameters (see
also Cerrato, 1990). Least-square estimates for the three
parameters were obtained by nonlinear regression meth-
ods. Analysis of residuals showed that the von Bertalanffy
model provided an adequate fit for all samples. The pre-
cision (variance) of parameter estimates varied with age
composition of the sample. For example, samples with few
young scallops showed relatively large variances for the
parameters K and ¢, whereas samples with few old scal-
lops resulted in imprecise estimates of asymptotic length
(Table 2). However, the residual mean square error (MSE),
denoting variability about fitted growth equations, did not
vary widely among samples.

Comparison of growth curves for different areas

No significant difference (P>0.15) in growth between sexes
was detected in the ADF&G samples, supporting the pre-
survey decision not to determine the sex of the scallops.
Growth of scallops from the six areas was compared by
likelihood ratio tests by using two probability models:
model 1 specified equality of the von Bertalanffy para-
meters of each area; model 2 allowed separate parameters
for each area (Kimura, 1980). The first model consisted
of pooling the data over all areas, yielding one growth
equation; the second model allowed separate growth equa-
tions for each area. Because there was no a priori hypoth-
esis concerning growth differences between the areas, 15
simultaneous tests were performed to evaluate pairwise
differences in growth. These tests were equivalent to test-
ing %k independent hypotheses at a significance level of o.
Applying Bonferonni’s inequality (Miller, 1966) to the 15
tests resulted in an experimental-wise significance level
< k x o. We chose o to equal 0.003, giving an experimen-
tal-wise significance level of 0.045. Likelihood ratio tests
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indicated highly significant differences
(P<0.003) in growth between scallops
from each area.

Results and discussion

Sea scallops from the Gulf of Alaska
showed a consistent trend in growth geo-
graphically: from southeastern Alaska
northward and then westward around
the perimeter of the Gulf of Alaska, sea
scallops tended to be larger. Differences
in mean shell height were small at early
ages but became more pronounced as
the scallops grew older (Fig. 2).

This geographic trend in growth was
probably not related to time and depth
of sampling. Time of sampling varied
little between areas; all areas were
sampled within a period of 45 days.
Depth of sampling did vary between
areas, however, because scallop growth
rates are known to vary by water depth,
e.g. scallops off Oregon are smaller
in deeper waters and have reduced
asymptotic lengths (Ronholt and Hitz,
1968; Starr and McCrae, 1983). If this
depth-size relationship holds true in
Alaska waters, then current estimates
of asymptotic size for scallops from the
northern areas are biased downwards
compared with those from Lituya Bay,
where scallops were sampled in shal-
lower waters.

Comparisons of our growth results
with two analyses of giant Pacific scal-
lop samples taken after the start of
commercial fishing (Kaiser, 1986; Hen-
nick?) showed significantly different
estimates of asymptotic size. For scal-
lops off Kodiak, values of /_ from Hen-
nich’s data (182.8 mm) and Kaiser’s
data (189.8 mm) are larger than our
estimate (175.7 mm); for scallops off
Yakutat, values of [ from Hennick’s
data (151.5) and Kaiser’s data (143.7
mm) are smaller than our estimate
(158.6 mm). Scallop fishing before 1980
occurred entirely in these two areas
(Shirley and Kruse, 1995). The reduc-
tion in asymptotic size for scallops off
Yakutat may indicate an increase in
fishing mortality on larger individuals.
Both analyses also showed that giant
Pacific scallops for a given annular ring
are larger from the Kodiak area than
from Yakutat, a result that supports
our conclusions of geographic growth
trends for the giant Pacific sea scallop.

Table 1
Mean shell heights (mm) and standard deviations (SD, in parentheses) and number of giant Pacific sea scallops of given ages sampled from six areas in the Gulf of Alaska.

Areas listed are from northwest to southeast.

Sampling areas
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Figure 2
Mean shell heights by age for sea scallops collected in the Gulf of Alaska, 1968.

Table 2

Von Bertalanffy growth parameters (and standard errors) for sea scallops from six Gulf of Alaska areas. Sample areas are given in
order from northwest to southeast.

Parameter estimates (standard errors)

Area Sample size o? L, k ¢,

Albatross Bank 128 23.71 170.1 (4.5) 0.346 (0.035) 1.791 (0.156)
Marmot Flats 59 15.13 175.7 (4.2) 0.265 (0.033) 0.455 (0.387)
Lower Cook Inlet 231 36.88 161.7 (4.1) 0.328 (0.030) 1.353 (0.139)
Cape St. Elias 121 37.64 159.7 (2.8) 0.326 (0.021) 0.974 (0.116)
Ocean Cape 248 34.80 158.6 (3.3) 0.244 (0.017) 0.265 (0.141)
Lituya Bay 204 4741 130.5 (2.5) 0.367 (0.036) 0.962 (0.207)




NOTE Ignell and Haynes: Growth patterns of Patinopecten caurinus

853

Literature cited

ADF&G (Alaska Department of Fish and Game).

1979. 1976 Alaska catch and production—commercial fish-
eries statistics. Statist. Leafl. 29, Alaska Dep. Fish and
Game, Juneau, AK 99801, 47 p.

1987. Alaska 1985 catch and production—commercial fish-
eries statistics. Statist. Leafl. 8, Alaska Dep. Fish and
Game, Juneau, AK 99801, 61 p.

Beattie, J. H.

1985. The weathervane scallop Patinopecten caurinus
(Gould): a candidate for aquaculture? J. Shellfish Res.
5:49.

Bourne, N.

1964. Scallops and the offshore fishery of the Maritimes.
Fish. Res. Board Can., Bull. 145, 60 p.

1988. Scallop resources of British Columbia, Canada. J.
Shellfish Res. 7:150.

Cerrato, R. M.

1990. Intrepretable statistical tests for growth comparisons
using parameters in the von Bertalanffy equation. Can.d.
Fish. Aquat. Sci. 47:1416-1426.

Dare, P. J., and M. R. Deith

1989. Age determination of scallops, Pecten maximus (Lin-
aeus, 1758), using stable oxygen isotope analysis, with
some implications for fisheries management in British
waters. In World aquaculture workshops, no. 1 (S. E.
Shumway and P. A. Sandifer, eds.) p. 118-133. The World
Aquaculture Soc., Baton Rouge, LA.

Gibson, F. A.

1956. Escallops (Pecten maximus L.) in Irish waters. Sci.

Proc. Dublin Soc. 27:253-270.
Hammarstrom, L. F., and M. F. Merritt.

1985. A survey of Pacific weathervane scallops (Pecten cauri-
nus) in Kamishak Bay, Alaska. Alaska Dep. Fish and Game,
Div. Commer. Fish., Inform. Leafl. 252, Juneau, AK, 23 p.

Haynes, E. B., and C. R. Hitz.

1971. Age and growth of the giant Pacific sea scallop, Patino-
pecten caurinus, from the Strait of Georgia and outer Wash-
ington coast. J. Fish. Res. Board Can. 28:1335-1341.

Haynes, E. B, and J. C. McMullen.

1970. Relation between meat weight and shell height of the
giant Pacific sea scallop, Patinopecten caurinus, from the
Gulf of Alaska. Proc. Natl. Shellfish Assoc. 60:50-53.

Haynes, E. B., and G. C. Powell.

1968. A preliminary report on the Alaska sea scal-
lop—fishery exploration, biology and commercial process-
ing. Inform. Leafl. 125, Alaska Dep. Fish and Game,
Juneau, AK 99801, 20 p.

Hennick, D. P.

1970. Reproductive cycle, size at maturity, and sexual com-
position of commercially harvested weathervane scallops
(Patinopecten caurinus) in Alaska. J. Fish. Res. Board
Can. 27:2112-2119.

1971. A hermaphroditic specimen of weathervane scallop,
Patinopecten caurinus,in Alaska. J. Fish. Res. Board Can.
28:608-609.

Kaiser, R. J.

1986. Characteristics of the Pacific weathervane scallop
(Pecten [Patinopecten] caurinus, Gould 1850) fishery in
Alaska, 1967-1981. M.S. thesis, Oregon State Univ., Cor-
vallis, OR, 100 p.

Kimura, D. K.

1980. Likelihood methods for the von Bertalanffy growth

curve. Fish. Bull. 77:765-777.
Mason, J.

1957. The age and growth of the scallop, Pecten maximus (L.),

in Manx waters. J. Mar. Biol. Assoc. UK. 36:473-492.
Merrell, A. S., J. A. Posgay, and F. E. Nichy.

1961. Annual marks on shell and ligament of sea scallop

(Placopecten magellanicus). Fish. Bull. 65:299-311.
Miller, R.

1966. Simultaneous statistical inference. McGraw-Hill,

New York, NY, 271 p.
Posgay, J. A.

1957. Sea scallop boats and gear. U.S. Fish Wildl. Serv,,

Fish. Leafl. 442, 11 p.
Rathjen, W. F., and J. B. Rivers.

1964. Gulf of Alaska scallop explorations, 1963. Commer.

Fish. Rev. 26(3):1-7.
Rhee, Y. W.

1989. Scallop culture in Washington State. J. Shellfish
Res. 8:415.

Robinson, A. M., and W. P. Breese.

1984. Spawning cycle of the weathervane scallop Pecten
(Patinopecten) caurinus Gould along the Oregon coast. .
Shellfish Res. 4:165-166.

Ronholt, L. L., and C. R. Hitz.

1968. Scallop explorations off Oregon. Commer. Fish. Rev.
30(7):42—49.

Shirley, S. M., and G. H. Kruse.

1995. Development of the fishery for weathervane scallops,
Patinopecten caurinus (Gould, 1850), in Alaska. J. Shell-
fish Res. 14(1):71-78.

Starr, R. M., and J. E. McCrae.

1983. Weathervane scallop (Patinopecten caurinus) investi-
gations in Oregon, 1981-1983. Oregon Dep. Fish. Wildl.
Info. Rep. 83-10, 55 p.

Stevenson, J. A.

1934. The growth rate of Canadian scallops. Fish. Res.

Board Can., Progr. Rep. Atl. Biol. Sta. 11:10-11.
Stevenson, J. A., and L. M. Dickie.

1954. Annual growth rings and rate of growth of the giant
scallop, Placopecten magellanicus (Gmelin), in the Digby
area of the Bay of Fundy. J. Fish. Res. Board Can.
11:660-671.

Thompson, D. S., C. Mason, and N. Bourne.

1985. Recent progress in the artificial breeding of four spe-

cies of scallops. J. Shellfish Res. 51:54-55.



