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1. Introduction

Pacific krill (Euphausia pacifica) is a dominant euphausiid species, one of zooplanktons distributed
from subarctic to temperate regions of the North Pacific. It has diel migration behavior and plays important
roles in the marine ecosystem by consuming primary producers at surface layer and being eaten by higher
consumers in deep. It is also a fishery target at coastal area off shore of northeastern Japan in spring
(Average fishery catch/year: 60 thousands ton, average economic yields/year: 3.1billion yen in 1990's), and
the start and end of the fishing period depend upon the arrival of the Oyashio Current which influences the
water temperature around the area (Taki 2006). Yamamura (1998) reports that the krill consumption by
demersal fish at the local area was estimated to be 15-64% of the amount of the krill commercial catch, and
suggests that the krill fishery may have great impact on the ecosystem. However, yearly population
fluctuation of the krill has not been analyzed in spite of its magnificent role in the ecosystem and fishery.
Therefore, fluctuation of the krill abundance is examined in terms of effect of fishery, predation, water
temperature, and density effect in order to contribute to the evaluation of management of the krill and to the

ecosystem management focusing on the krill.

2. Materials and Methods
i) Fluctuation of the Pacific krill population based on Norpac net sampling (1993-1999)

The density of the krill, water temperature at the sea surface and 100m depth in Taki (2004) were
used for the area west of 145°E. As a predator, estimated stock size of 0 year old pollock was used (Mori
et al. 2011). Yearly fluctuation was analyzed in terms of difference in near and off shore, seasons, and
relation to predation and water temperature.

ii) Comparison of Norpac net sampling data and fishery statistics

The same data above (Taki 2004) and fishery statistics were used. Patterns of fluctuations of those
were compared to examine whether Catch Per Unit Effort (the effort is number of fishing boats times
number of fishing days) was suitable to use as abundance index. Three standardizations of CPUE were
assumed.

iii) Fluctuation of the Pacific krill population based on Fishery Statistics (1991-2010)

Catches and CPUEs were used (1991-2001:Taki(2002), 2002-2010: Bulletin of Tohoku Regional
Committee on Fisheries Oceanography). Estimated stock size of 0 year old pollock as a predator was from
Mori et al. (2011). Water temperatures were averaged for each month in each year referred to data in Japan
Oceanographic Data Center (http://www.jodc.go.jp/) and Japanese Agency for Marine-Earth Science and

Technology (http://www.jamstec.go.jp/). Effects of fishery, predation, water temperature, and density effect
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on the krill population were evaluated by following two methods; (1) multiple regression to explore the
effects of the above factors on the annual rate of change in population, (2) state-space surplus production

model to assess yearly population fluctuation.
Method1: The effects on the annual rate of change in Krill population
(U1 - Up)/U; = @ Ug+ B (C/Uy) + v (Pred/Uy) + Z by (Temp;y) + intercept + ¢
where U: CPUE, C: catch, Pred: weight of predator, Temp;: average water temperature at i month, &:

normal distribution with mean 0 and variance o2, t; year. Explanatory variables were selected by stepwise

method.

Method2: Surplus production model with state space model
Pt+1:{Pt+ I'(l - Pt/K )Pt- Ct' a(PrEdt)}XSt
Ui = XPy Xy

where P: abundance in weight, r: intrinsic rate of increase, K: carrying capacity, a: predatory coefficient

(amount in weight consumed by the predator per unit weight of the predator), g: catch ability, €: process
error (lognormally distributed with meanl) derived from the errors in the model, ®: observation error
(lognormally distributed with meanl) derived from the errors in measurement. Considering uncertainty in
the model and data, Bayesian approach was used to estimate parameters. Because each parameter has little
information, uniform distribution was given as prior distribution for each parameter. Posterior distributions

were obtained using the data (CPUE, catch, predator).

3. Results and Discussion
i) Fluctuation of the Pacific krill population based on Norpac net sampling (1993-1999)

The density near shore was lower than off shore. Yearly fluctuation for each season and all year
showed similar pattern. Population oscillations expected from Lotka-Volterra system was suspected to
occur between prey and predator. Clear relation between the density and water temperature was not found.
ii) Comparison of Norpac net sampling data and fishery statistics

There was a significantly positive correlation between density by norpac net sampling and a
standardized CPUE. The density and CPUE showed similar pattern in yearly fluctuation. Thus, CPUE was
used as abundance index.

iii) Fluctuation of the Pacific krill population based on Fishery Statistics (1991-2010)

The density effect (CPUE) and water temperatures in early spring were selected with negative partial
coefficient and the water temperatures in late spring were selected with positive partial coefficient. The
density effect might work on the krill population. The higher water temperature in late spring might work
positively and the higher water temperature in early spring might work negatively because the survival rate
of eggs and larvae would depend upon the temperature and vulnerability to predator (Taki 2006). From the
surplus production model, the effect of fishery and predation by young pollock at the present level were
supposed not to threaten the population of the krill since the amounts rarely exceeded the expected
replacement yields or surplus production.
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