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Simulation of Perch (Perca fluviatilis L.)
Population Dynamics in Lake Constance

BY

Bernard BÜTTIKER1 and Erich STAUB2

Résumé.-BUTTIKER B. et STAUB E., 1992. Simulation de la dynamique des

populations de perches (Perca fluviatilis L.) dans le lac de Constance. Bull. Soc. vaud.
Se. nat. 82.1: 67-85.
La pêche de la perche constitue l'une des ressources piscicoles les plus intéressantes des

grands lacs suisses. Dans ces lacs, les populations de perches se caractérisent par une
mortalité naturelle et une croissance élevées. Nous avons développé un programme de
simulation sur ordinateur, dans le but d'examiner l'influence des mesures de gestion sur
le rendement piscicole. Les premiers résultats ont été obtenus pour les populations de

perches du lac de Constance. Ils indiquent que la dimension minimale des mailles des

filets, fixée actuellement à 32 mm, donne de bons rendements piscicoles et ne devrait
pas être augmentée.

Atoracf.-BÜTTIKER B. and STAUB E., 1992. Simulation of Perch (Perca fluviatilis
L.) Population Dynamics in Lake Constance. Bull. Soc. vaud. Se. nat. 82.1: 67-85.
The fishing of perch (Perca fluviatilis L.) is of major importance in the larger Swiss
lakes. Perch populations in these lakes are characterized by high natural mortality and
growth rates. To get a better understanding on how a perch population and its fishing
yield are dependent upon management and fishing rules, a computer program for the
simulation of perch populations was developed and tested. First results concerning the
management of perch in Lake Constance are presented. They show that the minimum
legal mesh size of 32 mm for gillnets is a good policy and should not be increased.
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1. Introduction

Perch (Perca fluviatilis L.) is one of the most important fish species for
commercial fisheries in Switzerland. As a consequence, the fishing effort for
perch is high in all larger Swiss lakes. The yield amounts to about 30% of the
mean total landings of 3,000 tons per year.

Important interannual fluctuations of the perch catch (2- to 10- fold in Lake
Constance) and substantial differences in the legal mesh size for perch nets in
different Swiss lakes, ranging from 23 mm in Lake Geneva to 34 mm in
lower Lake Constance, raise the question of optimal fishing policy. For
decision-making, a better understanding of the main factors governing perch
population dynamics and a tool to compare the effect of different
management alternatives are necessary.

Much information is available on the biology of perch in Lake Constance,
especially from the partially published data of Hartmann and Krämer. The
data used in this study have been compiled in Staub et al. (1987). We
developed a computer program for the simulation of fish population dynamics
and tested it with the biological data on Lake Constance perch.

The aim of this paper is to describe the concept of our model approach and
the performance of the simulation program. Furthermore, our initial results
provide advice for the future management of perch in Lake Constance.

2. Material and Methods

2.1. Description of the simulation program

The program was designed following the model of Menshutkin and Zhakov
(in Thorpe 1977) and the "self-generating stock model" of Tyler and
Galucci (1980; chap. 5.5). It is described by the simplified flow chart shown
in Figure 1.

The program computes all important data on the fish population in
bimonthly time steps (24 steps/year), separately for 7 age classes, and for both
males and females. A run starts with 500,000 males and 500,000 females of
the age class 1 in June. The main results of a run concern, for each age class,
the number of surviving fish after mortality, the number and weight of fish
caught, and the size distribution within the age classes. For the spawning
time, it computes the number and biomass of the spawners and the number of
eggs produced.

During each time interval, the perch population is subjected to the VON
BERTALANFFY growth function, the exponential survival function and the
BARANOV catch function (Table 1, Eq. 1 to 3).

The fish length in each age class and sex is normally distributed (Table 1,

Eq. 4) among 11 length classes of equal width. Based on the observed data,
the standard deviation, ct, is 6% of the mean length (Staub et al, 1987). The
fish that fall outside of the 99% confidence limits (mean ± 2.6 a) of the length
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Figure 1.-Simplified flow chart of the simulation program.
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Table 1.-Basic functions and values used in the simulation model (Compiled in Staub
et al. 1987). Numbers in brackets mean alternative growth or mortality coefficients
used.

number function unit values used
males

in this study
females

1. VON BERTACANFFY growth function:

/.(/)=/_ (1-EXP[-K(/-to)])

where L(f) : fish length at time t cm

l~ : asymptotic length cm 25.5 28.8
K : growth coefficient year' 0.53(0.43) 0.48(0.39)
t : time year 1to7 Ho 7
to : correction for time year 0.2857 0.3005

2. Exponential survival function:

N(f+df)=N(f) VULNEXP[-dt{M+EF)]

where N(t) : number of fish at time t
dt : time step 1/24 year
VULN : vulnerability to fishing 0\oHm 0toHm

(see eq.(5))
M : instantaneous rate of

natural mortality year-' 0.8(0.5) 0.7(0.4)
E : fishing effort in time step (see Table 2)
F : instantaneous rate of

fishing mortality year' 1.5(1.8) 2.1 (2.4)

3. BARANOV catch function:

C=N VULN E FI(M+E F) t-EXP[-df (Mt£ F)\)

where C : number of fish caught in 1 time step (dt)
N number of fish at time 1

4. normal distribution:

V=EXP[-0.5 ((X-n)/o)z]/(cn/27r)

where p. : mean value

a : standard deviation

5. Amplitude of the selectivity function:

^ms \Ccpt,msl '•opti)'

where ms

"-opLms

Lopib

f

: mesh size mm
: optimal fish length for

mesh size ms cm
: optimal fish length for

reference mesh size b cm
: factor for cruising speed of fish

0.704 11

0.5

6. Number of eggs produced:

NE=aV

where NE
a
b
L

: number of eggs produced per female
: coefficient
: coefficient
: length of female cm

2.85
2.94

7. Length-weight function:

W=aU>

where W

a
b

: weight of one fish
: coefficient
: coefficient

g
0.011
3.037

0.5

0.011
3.037
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distribution are neglected. The fish are regrouped among the length classes
after each time step, considering growth.

The perch are assumed to grow only from mid-June through the end of
September. The VON BERTALANFFY growth function gives the length of
the fish of each age class at the beginning and end of the growing season.

The selectivity functions of the gillnets (Fig. 2) have been computed using
the method of Holt (1963). The amplitude of each selectivity function
depends on the cruising speed of the fish (Rudstam et al. 1984), which is
proportional to fish size, and, therefore, increases with increasing mesh size.
It is defined to be unity for 32 mm mesh size (the reference mesh size in this
study), which is the minimum mesh size used for commercial perch fishery in
Lake Constance. The amplitude of the selectivity function for all other mesh
sizes is given by Eq. 5 in Table 1. Its exponent, f=0.5, falls within the range of
different experimental (see Rudstam et al. 1984) and theoretical (Bainbridge
1961) values. Its standard deviation is set to 40% of the mesh size.

The program is written in TURBO BASIC language.

1.4-- E E E E E E E E E
E E E E E E E E E

o ro IO co o CSI -* r^ o
CS CM CN CM K) to ro K) -=f>- 1.2--

>
CJ

0.8
m
w 0.6>
< 0.4--
Ld
cr

0.2--

10 15 3020 25
FISH LENGTH

35
cm

Figure 2.-Gillnet selectivity curves for perch in Lake Constance in relation to the total
fish length. The mesh sizes are given above each corresponding curve. The reference
mesh size is 32 mm, and its amplitude is 1.
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2.2. The relative amount offish vulnerable to the fishing gear

The relative amount of fish vulnerable to the fishing gear, VULN (see
Table 1), is the product of the length distribution of the fish and the selectivity
function of the fishing gear.

Figure 3, A and C, show the distribution of VULN for female perch of the
age classes 3+ and 5+, each in the first half of June. The resulting values
range from 0 (fish too small or too large to be caught) to a maximum value
equal to the amplitude of the selectivity function. This maximum value is
reached if the optimum of the fish length distribution corresponds to the
optimum of the selectivity function.

2.3. Input data for the simulation

All mesh size values given in this paper correspond to the local knot to knot
measuring method using 1 kg weight for stretching the net. They must be
reduced by 7 % if they are compared to unstretched mesh sizes.

The input data for the program are given in Tables 1 and 2. These
fundamental data are saved in a file read in each run. The mesh size of the
gillnets used and, optionally, the level of fishing effort are entered in each run
interactively.

The simulations have been run assuming two strategies:
-fishing with unique mesh sizes (20, 23, 26, 28, 30, 32, 34, 37 and 40

mm);
-fishing with a lower mesh size limit from 20 through 40 mm (as for

unique mesh size) and an upper mesh size limit of 44 mm, which corresponds
to the upper mesh size normally used in Lake Constance. If mesh size ranges
are used, the program works with a selectivity function composed of a

selectivity function for the smaller mesh size and a separate one for the 44
mm mesh size. The amplitude is equal to the amplitude of the selectivity
function of the smaller mesh size. The composed selectivity curve for a lower
mesh size of 32 mm and the vulnerability of 3+ and 5+ female perch are
shown in Figure 3, B and D.

As fishermen seldom adapt the mesh sizes of their nets to fish growth, the
simulation with unique mesh sizes seems reasonable. The strategy with
composed mesh sizes could, nevertheless, be closer to reality: in spite of the
fact that fishermen do not use larger meshed nets to catch big perch, these fish
are actually caught in the coarser nets intended for other fish species.
Therefore, unless otherwise specified, the mesh sizes used in this work stand
for the lower mesh size limit with an upper mesh size limit of 44 mm.

2.4. Data on observed population structure and water temperature

Catch survey data collected by Hartmann (unpublished data) from 1976 to
1981 and by local Swiss fishery administrations (Krämer, unpublished data)
from 1982 to 1990 were used. These data include length, weight, age, and sex
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of perch collected monthly with 32 mm gillnets (legal gear for commercial
fishery). Information on total monthly perch catch are also available.

Water temperature is measured daily at the outflow of Lake Constance
(FEDERAL OFFICE OF ENVIRONMENT, FORESTRY AND LANDSCAPE

1975 and following).

Table 2.-Input data used for the simulation

a) annual variation of relative fishing efforts E

(annual mean=1 ; values of 0.00 signify total protection)

month 1st half 2d half month 1st half 2d half

January 0.93 0.93 July 1.56 1.56

February 0.93 0.93 August 1.56 1.56

March 0.93 0.93 September 1.56 1.56

April 0.93 0.93 October 1.17 1.17

Mai 0.00 0.93 November 0.93 0.00
June 0.93 1.17 December 0.00 0.93

b) percent of mature females per age class

age % mature

1 +

2 +
3+ and older

50
100
100

c) life-cycle

date of hatching
begin of biological year)

date of spawning period
begin of growth period
end of growth period

:1st June
: mid May
: second half of June
: second half of September



0.2- -A
-a- fish length

rs

^ — gillnet selectivity / X \

8: 0.1

¦» vulnerability j
11 u \

n-

VULMAif
—i—i—i—i—\ummrm

F \ \

,—i—i—i—5;9H—r-"i i i—

B

rW/Y=0.45

-H 1 1 1 i 1 1 1-

¦0.5

po

CO

O

0.2

Or
i_é_I

£ 0.1 +

KW/V=0.19

H 1 1 1 1 h
12 14 16 18 20 22 24

LENGTH (cm)

•
D

0.5

WLN= .00

16 18 20 22 24

LENGTH (cm)

26 28

Figure 3.-The vulnerability of perch to fishing with gillnets. The relative fish length frequency distribution of the 3+ (A & B) and 5+ (C
& D) female perch, each in the first half of June, the selectivity curves for single 32 mm gillnets (A & C) and the combinded selectivity
curves for 32 to 44 mm gillnets (B & D), and the relative vulnerability (product of the length frequency distribution and selectivity), are
shown. VULN: total vulnerability sum of the vulnerabilities of each 1 cm length class.

m

§

H
>
C
DO



PERCH POPULATION DYNAMICS 75

3. Results

3.1. How do yield and egg production respond to the mesh size of the gillnets
used in commercial fishery

The total catch and egg production for one cohort, followed through the
seven-year period and caught with nets of different mesh sizes, was simulated
with 3 different basic assumptions: a) standard settings for natural mortality
and fishing with a range of mesh sizes; b) reduced natural mortality
(alternative values in Table 1) and fishing with a range of mesh sizes; and c)
standard settings and fishing with only one mesh size. The results are shown
in Figure 4.

60

50

40

cn

30

20

10

0

15

cn

YIELD

-t—i—i—i—\—i—i—i—i—i—i—i—i—i—i—i—i—\—\—i—t—i—t-

NUMBER OF EGGS PRODUCED

-e- standard settings

-•- reduced natural mortality rate

¦*- one mesh size only

18

i—i—i—i—i—i—i—i—i—)—i—i ttt—\ \ ——t—i
26 30 34

MESH SIZE (mm)

42

Figure 4.-Simulated annual yield and egg production for 1 million 1-year-old perch,
plotted in relation to the lower mesh size limit of gillnets. Standard settings: standard
natural and fishing mortality rates (see Table 1) and combined selectivity function (with
44 mm upper mesh size). Reduced natural mortality rate : see alternative values for M
in Table 1. One mesh size only: standard natural and fishing mortality rates and
selectivity function for single mesh sizes.
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For assumption a), yield is not strongly dependent on minimum mesh size
up to about 30 mm, and decreases for larger mesh sizes. For assumption b),
the yield reaches a maximum value at about 30 mm mesh size. These results
suggest that the simulated yield is extremely sensitive to the values assumed
for the natural mortality rate. For the rather unrealistic assumption c), the
yield also reaches a maximum value for about 30 mm mesh size.

The egg numbers increases with increasing mesh size (more surviving
females), except under assumption c). In this case, several maxima appear
below 30 mm mesh size. This can be explained by the survival of females
larger than selectivity range.

Figure 5 shows that the proportion of females caught (66%) is higher than
for males. This is a consequence of more rapid female growth rates, as well as
the fact that males are exposed for a longer time to a higher natural mortality.
This simulated sex ratio in the simulated catch agrees well with the sex ratio
observed in the real catch (a mean of 61 % females for the cohorts 1980 to
1987).

For a simulated exploitation using 32 mm nets, the age classes 2+, 3+ and
4+ are nearly exclusively represented in the catch (Fig. 5). This also agrees
with the occurrence of age classes in the observed catch (Staub and Krämer
1991).

250000

?^
oo 200000

37 mm150000

34 mm
100000 32 mm

30 mm
50000

28 mm

26 mm

females

males

1+ 2+ 3+ 4+ 5+ 6+ 7+

AGE CLASS

Figure 5.-Number of perch caught per age class (assuming a start with 500,000 1-year-
old females and 500,000 1-year-old males) versus lower mesh size limit, assuming
composed selectivity functions with an upper mesh size limit of 44 mm.
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3.2. Simulation of catch curves

The catch curves for males and females (i.e. the virtual number of fish in a

cohort) are represented in the left part of Figure 6 A, for a simulation run
based on 32 mm mesh size, and standard settings for natural and fishing
mortality. The virtual population of perch decreases about 100 times after an
exploitation period of 2.5 to 3 years. A decrease of the same magnitude was
observed in Lake Constance for strong cohorts, for example the cohorts 1973
and 1976 (Fig. 6, B). For the weaker cohorts 1980 and 1983 (Fig. 6, C), the
correspondence with the simulated catch curves is not as good. This might be
a consequence of density-dependent growth rates and different fishing effort
in years with a low yield. Methodological problems in estimating the virtual
population, such as underestimation of weak cohorts in the presence of a

strong one, is another possible explanation.
The similarity of the shape and of the steepness of the simulated and the

observed catch curves suggests that the model is a good representation of the
actual dynamics of fish populations in Lake Constance.

standard natural mortality rate reduced natural mortality rate

FEMALESHEMAUESLT)

<o

: MÂLES0.1 3+ MALES

cr>

4+
<=> 0.01

Od + 2+ 2+ 3+i\4+ 5++5+ao

0.001 i 1 u
0 24 48 72 96 24 48 72 96 120

TIME (STEPS)

Figure 6.-A: simulated catch curves (virtual population), for fishing with composed
mesh sizes, with a 32 mm lower mesh size limit and a 44 mm upper mesh size limit.
Twenty-four time steps represent one year. Vertical dashed lines: 1st of June. Left:
standard mortality rates. Right: reduced instantaneous rate of natural mortality.
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cohort 1973 cohort 1976
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Figure 6.-B and C: observed catch curves for Lake Constance perch. B: examples of
strong cohorts (more than 2 million individuals caught); C: examples of weaker cohorts
(less than 2 million individuals caught). Vertical dashed lines: 1st of June.
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3.3. Simulation of annual and monthly yields

Table 3 lists the simulated annual catch data for the cohorts from 1970
through 1988 (yield from January to December). As the simulation starts with
1 million 1-year-old fish, these data have been corrected by multiplying by
the quotient

Q observed VCSI simulated VCS
where VCS is the virtual cohort strength (number of fish of one cohort

caught during its whole life span). The totals of the columns give the
simulated annual yield for all cohorts present, which is shown in Figure 7

together with the observed yield. We proceeded the same way with the
monthly simulated and observed catch data for the years 1982 to 1984 (inlet of
Fig. 7).

The observed and simulated yield curves are similar for periods with low
to average yields. However, for very high yields, an important discrepancy is
observed, because the very strong cohorts (like the one born in 1982) are
caught later than weaker cohorts, probably as a consequence of a density-
dependent reduction of growth. As no data on density-dependent growth of
perch in Lake Constance are available, we reduced the growth coefficient, K,
by 20 % for the cohort born in 1982 (alternative values in Table 1). However,
even with this reduced growth rate, the correspondence between the yield
curves was unsatisfactory for the years 1985 and 1986.

m
z:
o

1982 1983 1984 - OBSERVED YIELD

£> SIMULATED YIELD (standord settings)

100 SIMULATED YIELD (Jfrsducod (or cohort 82) -

0

"50
A A •!

/*i */ \ •-A -«5a

«.
' *'1 A

U

maA^- • ¦' / • \

m ' / \ \\

¦

i 1 r—

u / \

1 1 h

7 'ù \

—i—i—i—i—i—i—i—i—i—

¦1500

¦1000
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1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990

YEAR

Figure 7.-Simulated and observed annual yields of Lake Constance perch. The standard
settings concern the values of growth parameters and mortality rates M and F (M, F and
K: see Table 1).
The inlet shows the detail of monthly yields for the years 1982, 1983 and 1984
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Table 3.-Simulated catch data for the years 1975 to 1988, in tons. The catch for the
cohort borne in 1982 has been corrected for reduced growth rate (alternative value for
K, eq. 1 in Table 1).
VCS : observed virtual cohort strength (million fish).

year of catch

cohort VCS 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

1970 2.71 0.8 0.1 - - - - -

1971 5.61 16.1 1.7 0.2 - - - • - - - - -

1972 0.83 18.3 2.4 0.3 «0.1 - - - - - - -

1973 6.17 455.4 136.3 17.7 1.9 0.2 - - -

1974 0.66 24.9 48.7 14.6 1.9 0.2 <0.1 - - - - -

1975 2.27 «0.1 85.7 167.5 50.2 6.5 0.7 0.1 - - - - -

1976 7.34 - <0.1 277.3 541.7 162.2 21.0 2.3 0.2 - - - -

1977 0.33 <0.1 12.5 24.4 7.3 0.9 0.1 «0.1

1978 0.14 - - - «0.1 5.3 10.3 3.1 0.4 «0.1 «0.1

1979 4.64 - - - - <0.1 175.3 342.5 102.5 13.3 1.4 0.1

1980 0.34 - - - - <0.1 12.8 25.1 7.5 1.0 0.1 «0.1 -

1981 0.72 - - - - - <0.1 27.2 53.1 15.9 2.1 0.2 <0.1

1982 18.58 - - - - «0.1 89.9 1203.1 973.7 204.5 26.6 2.9
1983 0.15 - - - - - - «0.1 5.7 11.1 3.3 0.4 «0.1

1984 0.15 - - - - - - <0.1 5.7 11.1 3.3 0.4
1985 2.49 - - - - ¦ - - «0.1 94.1 183.8 55.0
1986 1.41 - - - - - - - - <0.1 53.3 104.1

1987 1.1 - ¦ - - - ¦ <0.1 41.6
1988 7.3 - - - - - - «0.1

TOTAL CATCH 515.5 275.0 477.5 608.2 198.7 214.7 361.7 155.5 163.8 1227.1 992.8 313.2 267.4 204.0

3.4. How can fluctuations in yield be explained?

Cohort strength or recruitment do not necessarily depend directly on the
parental stock present in the lake. Proceeding the same way as for the total
catch (see section 3.3. and Table 3), we estimated, from the simulated results,
the number of eggs produced each year and the total biomass of adult perch in
the first half of June of the same year. The observed VCS (virtual cohort
strength total numbers of fish of each cohort actually caught) were divided
by these simulated egg numbers to obtain a value related to the survival of the
population of one cohort, from the eggs to the exploited fish. This value is
named "survival" for simplification. A multiple regression was computed
with the natural logarithm of survival as dependent variable, and with the
natural logarithm of the biomass of adult perch and the water temperature,
given in degree-days over 14°C (from June to October), as independent
variables (multiple R2 0.83). The regression was forced through the origin,
because the constant term (-0.55) is not significant (P=0.S4), while the
regression coefficients are highly significant (P<0.001). This relation is
shown in Figure 8.
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Figure 8.-Relation of the natural log of survival vs. natural log of biomass of Lake
Constance perch and water temperature (cohorts 1976 through 1989). For the definition
of "survival" see text in section 3.4. The lines show the limits between temperature
ranges for 300, 400 and 500 degree-days over 14°C.

4. Discussion

4.1. Mortality rates

The mortality rates were amongst the most difficult basic parameters to
estimate (Staub et al. 1987).

Lang (1987) found total annual mortality rates for adult female perch in
Lake Geneva ranging from 73.1 to 82.1% (corresponding to an instantaneous
rate of mortality ranging from 1.3 to 1.7), based on two different methods.
These values are lower than the basic values for mortaliy rates used in this
study (Table 1). Craig (1982, in Craig 1987) estimated that instantaneous
rates of total mortality for perch in Lake Windermere, which are considered to
be equal to rates of natural mortality, because the population is nearly
unexploited, ranged from 0.1 to 1.2. These values are closely related to the
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coefficient K of the VON BERTALANFFY growth function (Eq. 1 in
Table 1). For a AT of about 0.5 (as in Lake Constance), the estimated value is
about 0.8. This value is equal to the instantaneous rate of natural mortality we
used in this study. In their simulation model for perch and pikeperch in Lake
Ijssel (Netherlands), Buijse et al. (1992) used length-dependent annual rates
of natural mortality M: for perch smaller than 25 cm, this rate was assumed to
be M=1.79 EXP(-0.087 L), where L is the total fish length; for larger perch,
M was assumed to be constant (M=0.2)

Krämer (pers. communication) tagged about 17,000 young perch in Lake
Constance. However, none of these tags could be recovered. This gives a
further indication that the rate of natural mortality must be very high.

The simulated catch curves in the right part of Figure 6 A are based on
reduced natural mortality rates. The steepness of the graphic based on
standard mortality rates (left part of Fig. 6, A) is in better agreement with the
graphics based on observed data (Fig. 6, B and C).

The facts discussed in this chapter and the good agreement of our
simulated results with the observed data lead us to the conclusion that the
standard mortality rates we first assumed (Table 1) are realistic. However, the
curves for simulated catch (Fig. 7) show that the global results of the
simulation are not very sensitive to differing mortality rates. They are, in fact,
much more influenced by fish growth rates.

4.2. Actual number offish

At the end of October 1983, a hydroacoustic survey was carried out on Lake
Constance. The estimated standing stock of all fish species was about 600
million fish (Hartmann 1988). At the time of this survey, the very strong
cohort born in 1982 (age class 1+) was dominant in the lake. This cohort gave
later landings of about 18 million perch. The virtual stock of older perch at
that time was about 1 million. This corresponds to a total stock of about 5

million perch. The simulated stock for the first half of November is 731,766
perch of age class 1+, which is rounded off to 750,000 in the calculations that
follow.

Starting with 1 million 1-year-old perch, the simulaton results in a total
catch of 195,000 individuals, if fishing is based on gear with 32 mm mesh
size (left part of Fig. 6, A). After conversion of this number to the real number
of perch caught in the lake, the number of 1-year-old individuals belonging to
the 1982 cohort can be estimated to be 750,000 • 18,000,000/195,000 about
69 million fish. The total number of older perch (born in the years before
1982) left in the lake at end of October 1982 is estimated to be about 5

million individuals. The total number of perch present in the lake in the first
half of November 1983 is, therefore, estimated to be about 74 million. This
number is not in contradiction with the 600 million total stock of all fish
species estimated by the hydroacoustic method.
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4.3. Sources of inaccuracy and improvement of the simulation program

By its nature, a simulation program cannot give the absolutely true image of
reality. It is important to be aware of its limits. The most important sources of
inaccuracy are as follows:

-the use of fishing gear other than gillnets is neglected. In Lake Constance,
the main fishing effort comes from these nets; for the analysis of other lakes,
fishing with bow-nets and recreational fishery may have to be introduced in
the model;

-growth parameters have been computed from age-length data of exploited
perch in Lake Constance. The growth rates could be underestimated because
of LEE's phenomenon (Ricker 1969);

-growth and mortality parameters could possibly undergo annual
variations, depending on cohort strength and climatic conditions. The data
available for Lake Constance were insufficient to detect such differences;

-the gillnet selectivity functions used in this study have been computed by
the simple model of Holt (1963), in which normal selectivity curves are
assumed. In many cases however, selectivity functions are not normal
(Hamley 1975). Hartmann and Quoss (1986) compared selectivity
functions computed for Lake Constance perch using the methods of HOLT
and ISHIDA (Hamley 1975). The optimal lengths computed by the method
of ISHIDA were 4% shorter than the optimal lenghts computed by the method
of HOLT. The available data for Lake Constance perch (Staub et al. 1987)
do not allow computation of the real shape of the gillnet selectivity functions.
In the context of general management problems, this inaccuracy is negligible
in comparison with unpredictable factors such as the behaviour of fishermen
(e. g. numbers of nets actually used), net quality (e. g. elasticity and hanging
factor of the mesh, which strongly influence selectivity) or differences in the
behaviour and activity of fish belonging to different age classes. A higher
degree of complexity of the computer model would only mask the inaccuracy
of the basic data used for the investigations;

-as shown in Figure 3, the fish in one age class are not equally vulnerable
to fishing, depending on their length. In fact, this selective fishing should
result in a deformation of the length frequency distribution of the fish in one
age class. The program does not take in account this fact: after each time step,
the remaining fish are normally distributed again.

This study shows that our simulation program may already lead to realistic
and useful results for managing perch populations. It could easily be adapted
for simulation of other fish species. Nevertheless, we have decided to improve
it. In its final version (prepared by Dr. Yury TYUTYUNOV, Univ. of
Lausanne), the program will be able to simulate the populations of fish for an
unlimited number of years, under variable conditions of exploitation and
environment. Such a dynamic program should be able to compute recruitment
in function of the stock of adult fish and water temperature. For Lake
Constance, such a function could be based on the data shown in section 3.4.
and Figure 8.
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The possibility of fishing simultaneously with both gillnets and other types
of gear will also be introduced into the simulation program. Finally, functions
for density-dependent mortality and growth parameters would probably
improve the results of the simulations.

5. Conclusions concerning the Management of Perch
in Lake Constance

The results obtained in this study lead to the following conclusions
concerning the management of perch populations in Lake Constance:

-an increase in minimum mesh size would lead to a reduction in yield. A
slight reduction of the mesh size to 30 mm would possibly increase yield
without endangering the reproductive capacity of the population. However,
since the influence of the mesh size on year class fluctuations is not known at

present, mesh size should not be changed in the near future;
-even assuming a low rate of natural mortality, the optimal mesh size limit

would be close to the present legal mesh size. Thus an increase of the mesh
size cannot increase the yield.
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