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Abstract:  Hokkai-shrimp, Pandalus latirostris, is one of the most important commercial species 
of shrimp in Hokkaido and eastern Russia, but its biology in only a few aquatic areas has been 
documented. We examined the population structure and seasonal growth of this shrimp in Notoro 
Lagoon, Hokkaido. The population consisted of three or four cohorts regarded as age groups. This 
shrimp generally matures as male at age-1 and then changes sex to female at age-2. In each age 
group, however, small proportions had sexual phases different from that of the majority, and their 
frequencies varied with age group. This shrimp grows from late-April to late-November, and the 
growth period is consistent with changes in water temperature in the lagoon. The critical water 
temperature for its growth was estimated at 4ºC. We suspect that size-selective fishing potentially 
affects not only its growth rate but also its life history variation because it increases fitness of only 
small individuals.
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　＊1  Laboratory of Marine Biodiversity, Graduate School of Fisheries Sciences, Hokkaido University, Hakodate 041-8611, Japan.

The  Hokkai-shrimp,  Pandalus  latirostris 
Rathbun (Pandalus kessleri Czerniavsky is a 
synonym of this species1,2)) is one of the most 
commercially impor tant species of shrimp 
in nor thern Japan and eastern Russia3,4). 
For estimation of the spawning stock of this 
shrimp, fishermen simply assume that males 
and females belong to age-1 and age-2 groups, 
respectively, because it is taken for granted 
that this shrimp changes sex from male to 
female at age 2. However, the assumption does 
not accurately reflect the population structure 
because the timing of maturation as male or 
female varies locally and annually5,6). Although 
the shrimp is widely fished in northeastern 
Hokkaido, accurate age-sex relationships and 
annual fluctuations have been reported in only 
Notsuke Bay7,8) and Saroma Lagoon6). Since 
this shrimp inhabits seagrass beds and does 
not have a planktonic larval stage, the popula-
tion in each habitat may be genetically isolated 
from other populations. Because there is varia-

tion in the life histories between populations in 
Notsuke Bay and Saroma Lagoon, it is worth-
while confirming the population structure in 
other habitat areas.

Some studies have reported that growth dif-
ference is one of the potential factors affecting 
the annual life history variation of P. latirostris5,9). 
In Hokkaido, seasonal growth of this shrimp 
in Notsuke Bay7) and Akkeshi Bay10) had been 
described. Although the population structure 
in Akkeshi Bay is still unclear, the growth rate 
is slightly higher than that in Notsuke Bay. If 
the growth pattern affects the timing of repro-
duction in this shrimp, life history variations 
would arise from growth variations among 
populations. Indeed, P. latirostris has a shorter 
life cycle and longer growth period in Yamada 
Bay, Iwate, which is the southern limit of their 
distribution, than in Hokkaido11). Therefore, the 
growth pattern in each population should also 
be described to fully understand their life histo-
ries.
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In the present study, four-year surveys were 
conducted to assess annual fluctuations in the 
population structure of P. latirostris in Notoro 
Lagoon, which is one of the main fishing areas 
in Hokkaido12). We examined their seasonal 
growth patterns using monthly data and then 
compared them with the patterns in other popu-
lations.

Materials and Methods

Field sur veys were conducted from 1997 
to 2000 in Notoro Lagoon, Hokkaido, Japan 
(Fig. 1). Pandalus latirostris was collected 
from bottom depths of 1.5 m and 3.0 m in sea-
grass (Zostera marina and Z. caespitosa) beds. 
Sampling was carried out at Station 1 (Fig. 1b) 
from May 1997 to May 1999, and at Stations 1, 
2 and 3 from July 1999 to September 2000 (Fig. 
1b). A sled net (mouth opening 1.0 m × 0.5 m, 
length 1.8 m, mesh 1 mm) was trawled with a 
boat along the bottom for 30 m at each station 
at a constant speed of about 0.3 m/s. Although 
this boat sampling was not conducted from 
December to March, during which time the 
water surface of the lagoon froze, the shrimps 
were collected from ice holes (mouth opening 
1.5 m × 1.0 m) on the frozen surface by the 
same method used at Station 1 in February 
1999. The collection was repeated four times 
from May 1997 to May 1999 and twice from July 
1999 to September 2000 at each depth. The car-
apace length (CL) was measured to the nearest 
0.01 mm using calipers (Mycal E-Z Digimatic 
Caliper, Mitutoyo Corporation) after checking 
the sexual phase based on the form of the first 
and second pleopods, according to the descrip-
tions by Onishi et al.6) All data were pooled 
for each sampling month, and then length-
frequency distributions were constructed for 
0.5-mm-size classes. Separation of cohorts that 
were assumed to represent year classes in the 
length-frequency distributions were made using 
the computer program PROGEAN13), which 
estimates the frequencies of individuals in each 
cohort in each size class. We defined the age 
of individuals in a size class in which ＞－95% of 
individuals belonged to single cohort.

To describe seasonal growth of P. latirostris, 
we used the von Bertalanffy growth equation 
that was modified by Moreau14) who added a 
sine function as follows:

Lt = L∞ (1－exp(－K(t/12－t0)
＋(CK/2π)sin (2π(t/12－ts))))

where L t = carapace length (CL) at age t ; 
L ∞ = asymptotic CL; K = growth coef ficient; 
C = degree of seasonality; t = monthly age; 
t0 =age at length 0; ts = seasonal phase constant. 
The mean CL just after hatching was estimated 
from published data15).

In this study, we used daily water tempera-
tures (WT) recorded at a depth of 3 m from 1997 
to 2000 (Fig. 1b, Nishi-Abashiri Fishermen’s 
Cooperative Association, unpublished data). 

Fig. 1. (a) Locations of Saroma Lagoon, Notoro Lagoon, 
Notsuke Bay and Akkeshi Bay in which biology 
of Pandalus latirostris was reported. (b) Sampling 
stations at seagrass beds (dotted area) in Notoro 
Lagoon. Water temperature was recorded at WT from 
May to November.
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From 16 November 1999 to 31 May 2000, as the 
surface of the lagoon was frozen, we recorded 
the daily water temperature of water pumped 
from the lagoon. On 18 and 19 April, there 
was ice-out, but the water temperature was not 
recorded because shrimps in the aquariums 
would be affected by fresh water from the melt-
ing ice.

Results

Population structure
Figure 2 represents the length-frequency 

distributions of Pandalus latirostris in Notoro 
Lagoon. The population in the lagoon consisted 
of three or four cohor ts. The cohor ts that 

Fig. 2. Length frequency distributions of Pandalus latirostris in Notoro Lagoon from May 1997 to 
September 2000. Each triangle indicates the mode of cohorts in each sampling month.

15

10

5

0

20

15

10

5

0
20

15

10

5

0

20

15

10

5

0

20

15

10

5

0

15

10

5

0

15

10

5

0
15

10

5

0

15

10

5

0

10

5

0

15

10

5

0

15

10

5

0
15

10

5

0

15

10

5

0

15

10

5

0

Fr
eq

ue
nc

y 
(%

)

0 10 20 30 0 10 20 30 0 10 20 30

Carapace length (mm)

May 20 1997
n = 858

Jul 1 1997
n = 923

Jul 31 1997
n = 1051

Jul 1 1998
n = 2258

Jul 27 1998
n = 2258

Jun 10 1998
n = 451

Apr 24 1998
n = 931

Nov 19 1997
n = 1309

Nov 25 1998
n = 1435

Oct 29 1997
n = 1353

Oct 22 1998
n = 1829

Aug 25 1997
n = 1663

Aug 24 1998
n = 2189

Sep 25 1997
n = 2269

Sep 25 1998
n = 1521



378 S. Chiba and S. Goshima

appeared in late-July were obviously indepen-
dent of the other connected cohorts in each 
distribution, indicating that the members of 
the cohorts were estimated as new recruits 
(age-0) to the population simultaneously. Thus, 
each observed cohort roughly would be a year 
class (same age group). The proportions of the 
oldest cohort assumed to be age-3 were dras-
tically decreased from August, and then the 
number of cohorts became rare in subsequent 

months.
Pandalus latirostris in the lagoon generally 

did not mature at age-0 but matured as male 
at age-1 and changed sex at age-2 (Fig. 3). All 
age-3 individuals were females. However, small 
fractions of each age group showed different 
sexual phases in the breeding season, from 
late-August to late-September (Figs. 3, 4). For 
example, mature males at age-2 (late reversing 
males, LRMs) in 1998 and 1999, mature males 

Fig. 2. Continued.
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at age-0 (early maturing males, EMMs) in 1999 
and 2000, and mature females at age-1 (early 
maturing females, EMFs) in 2000 occurred in 
the population.

Seasonal growth
Seasonal growth of this shrimp was described 

by the following equation (Fig. 5):

L t = 43.676 (1－exp(－0.322(t/12＋0.256)
＋0.070sin (2π(t/12－0.598))))

Fig. 3. Length frequency distributions of Pandalus latiro-
stris in September (the breeding season) in Notoro 
Lagoon. Each triangle indicates a size class in which 
early maturing males, early maturing females or late 
reversal males occurred in each cohort.

Fig. 4. Enlargements of Fig. 3.

Fig. 5. The von Bertalanffy growth model that was modified for seasonal growth with a sine function 
fit. Dots represent modes of each cohort in each sampling month from May 1997 to September 
2000. Body length was estimated from carapace length (see Materials and Methods). Vertical bars 
indicate standard deviation.
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This equation was consistent with data from 
monthly sampling from April to November, 
but dif fered from data of age-0 and age-1 in 
February. Dif ferences in modes of each age 
cohort between late-November and late-April 
were ＜1.0 mm (Fig. 2).

Seasonal changes in water temperature
Mean water temperature in Notoro Lagoon 

increased rapidly from May to August (Fig. 6). 
The water temperature pumped from Notoro 
Lagoon gradually decreased from approxi-
mately 3ºC at the end of November and main-
tained a nearly constant 0ºC from January to 
mid-April (Fig. 7). Subsequently, it increased 
rapidly after ice-out and reached 3ºC within one 
week.

Discussion

Population structure in Notoro Lagoon
The population structure of Pandalus lat-

irostris in Notoro Lagoon was consistent with 
that in other distribution areas in Hokkaido6,7). 
New cohorts that were observed from July 
were recruits that hatched between late-May 
and late-June (S. Chiba, unpublished data). 
Rapid decreases in the frequency of the oldest 
cohorts (age-3) occurred as a result of shrimp 
fishing because only large individuals at age-
＞－2 are selectively caught from late-July to mid-
August12), and longevity of this shrimp is esti-
mated at ＞－4 years7). Moreover, fishing would 
also decrease the mode in the second oldest 
cohorts (age-2) because only smaller individu-
als at age-2 remained after fishing. In Notoro 
Lagoon, therefore, the population structure is 
largely skewed artificially every summer.

Figure 8 shows the scheme of the life his-
tory of P. latirostris in Notoro Lagoon. They 
generally matured as male at age-1 and became 
female at age-2, in the same manner as that 
in other distribution areas in Hokkaido5,6). 
However, a small fraction of each age group 
showed a different sexual phase, and timing of 
maturation as male or female varied between 

Fig. 7. Daily changes in water temperature in Notoro 
Lagoon from 19 November 1999 to 31 May 2000. F 
and T represent dates that about 80% of the surface 
of the lagoon froze and thawed, respectively.

Fig. 8. Schema of life history of Pandalus latirostris in 
Notoro Lagoon. Arrows indicate the breeding season 
in each age group. Bold line represents the general 
life history pattern in the lagoon. IM, immature male. 
EMM and EMF, early maturing male at age-0 and 
female at age-1, respectively. LRM, late maturing male 
at age-2.
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years. Some males matured at age-0 (early 
maturing males, EMMs) and females at age-1 
(early maturing females, EMFs), and such 
development patterns have also been observed 
in Notsuke Bay5,16) and Saroma Lagoon6). Age-2 
males reaching typical female size (late revers-
ing males, LRMs) have been reported only in 
Saroma Lagoon6). These results indicate that 
the population structure in Notoro Lagoon is 
similar to that of Saroma Lagoon rather than 
Notsuke Bay. Although spawning stock of 
P. latirostris in Hokkaido is generally estimated 
by the number of females, it is necessary to 
monitor the relationship between age and 
sexual phase because the reproductive sched-
ule of this shrimp is labile.

In terms of evolution, fishing that exploits 
only larger shrimp at age-＞－2 would also change 
the size-sex relationship. Size-selective fish-
ing potentially increases fitness of small indi-
viduals that have intrinsically slow growth17). 
In the P. latirostris population, not only does 
fishing increase fitness of small individuals, it 
also facilitates the life history variation. Since 
EMMs and EMFs were age-＜2, and LRMs are 
relatively small in age-2 group, they seldom 
suffer fishing mortality. Moreover, gene flow 
between P. latirostris populations would not 
occur frequently because of the lack of a plank-
tonic larval stage. Therefore, we suspect that 
those unusual individuals become adaptive 
rapidly in each population. Fluctuation of the 
population structure should be examined very 
carefully even though only a small fraction of 
each cohort shows unusual sexual phases at the 
present moment.

Seasonal growth
The von Bertalanffy growth equation with 

an added sine function fitted the growth pat-
tern during spring-fall but showed negative 
growth during winter. Although the size-
selective fishing artificially affected size distri-
bution in the population, it would not pose the 
negative growth because only age-＞－2 groups 
were exploited between late-July and mid-
August and negative growth never observed in 
summer. Moreover, almost all crustaceans do 

not decrease body size between molts. Thus, 
the negative growth would be due to errors 
within this model. Differences in mode of each 
cohort between late-November and late-April 
in the next year were within 1 mm, indicating 
that they scarcely grow during this period. 
Therefore, the growth season of P. latirostris in 
Notoro Lagoon is between late-April and late-
November.

The growth season in Notoro Lagoon was 
consistent with changes in water temperature. 
Water temperature recorded during winter 
might be slightly higher in the laboratory than 
in field because the water under the ice of the 
lagoon is usually about -1ºC18). If we simply 
assume that the water temperatures recorded 
in the laboratory were 1ºC higher than that in 
field, the critical temperature for their growth is 
estimated at about 4ºC because temperatures at 
the beginning and the end of the growth period 
were about 3ºC.

The growth period of this shrimp and the sea-
sonal changes in water temperature in Notoro 
Lagoon are similar to those in Akkeshi Bay10) 
and Notsuke Bay7,19), although a critical tem-
perature for their growth is not mentioned for 
either bay. However, the growth rate in Notoro 
Lagoon is slower than that in both bays. For 
example, mean sizes of age-0 individuals are 
about BL 60 mm (CL 18.4 mm) in Akkeshi 
Bay10,20) and about BL 50 mm (CL 15.3 mm) 
in Notsuke Bay5) during the breeding season 
(September), while the mean size was about BL 
30 mm (CL 9.0 mm) in Notoro Lagoon. Factors 
affecting growth differences between habitats 
in Hokkaido are still unclear because com-
parable data are few and old. In Yamada Bay 
(39º30′N, 141º50′E), Iwate, water temperature 
of the growth stagnation period from October to 
March in the next year declined from 20.6ºC to 
7.0ºC11). This temperature range in Yamada Bay 
is the same as that during the growth period in 
Hokkaido. Growth differences of this shrimp 
on a latitudinal scale cannot be explained 
by simple dif ferences in water temperature, 
because shrimp would have genetically differ-
ent metabolic systems. We suggest that the biol-
ogy of each population of P. latirostris should be
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examined because they may adapt locally.
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北海道能取湖におけるホッカイエビの個体群構造と成長

千葉　晋・五嶋聖治

ホッカイエビ Pandalus latirostris は北海道やロシア東部における重要な産業種であるにもかかわら

ず，その生態は一部の個体群でしか調べられていない。本研究では北海道能取湖における本種の個体

群構造と成長を調べた。個体群は 3 つから 4 つの年令群から構成されており，多くの個体は 1 才で雄

として成熟し，2 才で雌へ性転換した。しかし，一部の個体は異なる年令で成熟・性転換しており，

その頻度には年変動がみられた。本種は 4 月下旬から11月下旬にかけて成長していた。成長期は能取

湖の水温変化と一致しており，成長を開始・停止する水温は約 4℃であると推定された。ホッカイエ

ビ漁業で広く取り入れられている大型個体だけを漁獲するサイズ選択的漁業は，大型個体の適応度を

下げ，結果的に本種の小型化を促進するばかりでなく，その生活史をも変化させる可能性がある。
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