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USE OF TIME SERIES ANALYSIS IN FORECASTING FISH CATCH IN
SOME POMERANIAN LAKES
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ABSTRACT. Usefulness of time series analysis in forecasting fish catch in some Pomeranian lakes was
tested. Forecasting accuracy one year ahead was high for steadily exploited species such as bream, pi-
ke-perch or pike, and may be useful in fishery practice.

Key words: AUTOCORRELATIONS, AUTOREGRESSION, CATCH, FISHING GEARS,
EXPLOITATION

INTRODUCTION

Time series analysis was used for fish catch forecasting by many authors (Jensen
1976, Saila et al. 1980, Kwang Ming Liu, Jensen 1992). The results obtained using lin-
ear autoregression were sufficiently accurate so as to use them for commercial catch
forecasting.

Harvest of various fish species in Pomeranian lakes of South Baltic region (Fig. 1)
was analysed to verify this hypothesis. Fish yield for each lake was expressed in kg

ha'! year'l. Catches of various species in 1951-1992 in Lebsko, Gardno, Jamno, and

Bukowo lakes were analysed.

The lakes (Fig. 1) are shallow and connected with the Baltic Sea via channels
through which they drain. At high sea water levels caused by north winds, brackish
water enters the lakes, resulting in an increase of water level by about 1 m. The lakes
are supplied by therivers and streams, carrying water from local drainage areas. Lake
shores are surrounded with dense belts of macrophytes. Large area and low depth of
the lakes result in wind water mixing down to the muddy bottom. Due to water mix-
ing and vicinity of cold Baltic Sea, the lakes are considered colder than other inland
lakes of the region. Despite similar morphometry, water chemistry and bacterial com-
munities of Pomeranian lakes considerably differ. Zooplankton communities, and
their biomass are, however, similar (Zmudziniski et al. 1990).

Almost all lake fish species are found in these water bodies. Among coregonid
fish, whitefish is sometimes harvested in small numbers in the deepest L.ebsko Lake.
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Fig. 1. Situation, area, and average depth of West Pomeranian lakes used for fish catch analysis

Bream and roach predominate in commercial fish landings, and among the pred-
ators — pike-perch and perch (Ciepielewski 1992). Most valuable fish — eel - is caught
mainly in traps, from spring to autumn, together with other mentioned above species
and pike. Other fishing gears are also used, such as drag nets.

Numbers of traps and drag nets used in the lakes did not change much over the
time, but frequency of their use changed yearly, depending on weather. Changes of
fish exploitation intensity resulted in yearly differences of fish yields. Main tenden-
cies of catch dynamics over the study period are, however, quite clear, indicating that

the yield in kg ha™! year ™ is a sufficiently accurate measure.
y g y y

MATERIAL AND METHODS

Yearly catch (kg ha'! year‘l) of various fish species in the lakes was analysed us-
ing time series analysis. Correlation coefficients (autocorrelations) were calculated
between successive values, according to the following formula (Jensen 1976):
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where:

rj — autocorrelation related to time lag j (in years)
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T — number of observation periods
Ci+j, Ci - catch in i+j and i period

C- average catch yield in the observation time

According to Box and Jenkins (1970), at least 50 values should be analysed to ob-
tain autocorrelation useful for accurate forecast. In our study only 42 values were
available (1951-1992). Calculated values of series correlation coefficients are shown in
graphs (correlograms) as function of time lag (in years). The correlograms were then
used to evaluate autoreggresion equation order, indicating catch yield in year t fore-
casted from values observed in the previous years. In cases of a fading sinus curve,
forecasting should be done using linear autoregression equation of the second or
higher orders (Box, Jenkins 1970 — in Polish 1983).

For further calculations of forecasted catch yield, 3 equations were used: of the
first, second and third order. The results are shown in graphs compared with the ac-
tual catch.

Linear autoreggresion equation of the first order was:

The second order:

Yi=p+o Yig—-w+oy(Yip—w),
And the third order:

YVi=u+ 01 (Y= +0; (Yo =)+ 03 (YVi3-1),
where:
Yt - catch yield in year t
1 —average catch in the observation period

01, 92, 3 — constant equation coefficients calculated separately for each equation
order from series correlation coefficients (r1, r2, r3).

For equation of the first order:

P1=T17,

for the second order:
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and for the third order:
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Calculated values of linear autoregression were compared with the actual catch
yield.

RESULTS

AUTOCORRELATIONS

Correlograms of different shape were obtained for various fish species (Figs. 2-7).
It may be, however, assumed that in the majority of cases they represented a fading si-
nus curve, indicating that higher order (second or third) equations should be used.
Jansen (1976), however, concluded that the third order equation applied for forecast-
ing of menhaden (Bevortia tyrannis) catch did not increase forecasting accuracy.

AUTOREGRESSIONS

Autoregression curves were plotted for catches of bream, pike, and pike-perch.
No forecast was done for eel, although autocorrelation results indicate strong relation
between catch in t year and previous years (Fig. 3). Regular shapes of correlograms
(fading sinus curve) for Jamno and tebsko lakes confirm the hypothesis that equa-
tions of the second and third order should be used. However, it was taken into consid-
eration that these lakes were sporadiccally stocked during study period (1951-1992)
with various numbers of eel fry, while regular stocking of other inland lakes with this
species was discontinued in the last 20 years. Presumably this resulted in strongly re-
duced migration of eel to Pomeranian lakes, which might have caused high error of
catch forecasting.

No forecast was also done for roach and perch, although the correlograms were
similar to those for bream and pike, respectively. However, roach and perch catches
considerably varied over time, which made forecasting very inaccurate.
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Fig. 2. Correlograms of roach catch.
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Fig. 3. Correlograms of eel catch
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Plotted linear autoregression curves for bream (individuals over 0.5 kg) in all
lakes did not considerably differ from the actual values (Fig. 8). The smallest devia-
tion of calculated values from the real ones was observed for Jamno Lake, and the
greatest — for Gardno and Bukowo lakes in which theoretical values were almost
100% higher than the real values of maximum and minimum catches. Values calcu-
lated using 3 types of equations for Gardno and Jamno lakes do not considerably dif-
fer. For Lebsko and Bukowo — the forecasted values obtained using equation of the
third order differed from the real values, and values calculated using the first and sec-
ond order equations - up to 100%. This was especially true for the years of maximum
and minimum catches.

The curves for pike in Lebsko, Bukowo, and Gardno lakes (Fig. 9) plotted using
forecasted values fit better real values than the data for bream in the same lakes.

Theoretical values for pike obtained using all three types of equations are very
similar for Lebsko and Bukowo lakes, but for Gardno the third order equation values
are higher in the years of high catch (over 1 kg ha™ year'l), and lower for the years of
minimum catch (under 1 kg ha'! year'l).

Very regular correlograms (fading sinus curve) obtained for pike from these lakes
(Fig. 5) confirm the hypothesis that in such cases, the first or second order equations
are sufficient for accurate forecasting.

No forecast was done for pike catches in Jamno Lake despite regular correlogram
and high linear correlation values in the first two years (r1 > 0.8, r2>0.7). In the last de-

cades, however, pike catches considerably decreased under 0.1 kg ha'l year'l, thus

the error would be very high.

Pike-perch was observed every year in Jamno, Bukowo, and Lebsko lakes. Theo-
retical curves for this species are, however, less similar to those plotted using actual
data compared to the curves for bream or pike. In the years of maximum, and mini-
mum catches, theoretical values differed from empirical ones several fold — in plus or
in minus (Fig. 10). Moreover, in Bukowo and tebsko lakes, values obtained using all
three types of equations were similar, and in Jamno lake, the third order equation val-
ues considerably differed from the first and second order ones, and produced curve
was least similar to the one plotted using the actual values.

The curves for theoretical data indicate that the highest forecasting accuracy was
obtained for the periods in which fish catch did not differ over 100% in some successive
years, and for the periods of high fluctuations of catch, the forecasts were inaccurate.

In Tab. 1 forecast of bream, pike, and pike-perch catch is shown for 1993, which
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Fig. 4. Correlograms of bream catch
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Fig. 5. Correlograms of pike catch
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Fig. 6. Correlograms of pike-perch catch
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Fig. 7. Correlograms of perch catch
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Fig. 8. Catches of bream. I — actual values, II - calculated using the first order autoregression equation, III —
using the second order equation, IV — using the third order equation
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Fig. 9. Catches of pike. I — actual values, II - calculated using the first order autoregression equation, III -
using the second order equation, IV — using the third order equation
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Fig. 10. Catches of pike-perch. I-actual values, I - calculated using the first order autoregression equation,
III - using the second order equation, IV — using the third order equation
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was excluded from the time series analysis. Calculated values of bream catch are most
similar to the actual ones for Bukowo and Lebsko lakes — the differences are equal to
14 and 21%, respectively. For Gardno Lake the difference is 110%, and for Jamno —
67%.

The forecast of pike catch is even more inaccurate. Values calculated for all lakes
are over 100% higher compared to the empirical ones. The differences for pike-perch
were: 12% in Jamno, 36% in Bukowo, and 127% in Lebsko.

DISCUSSION

Fishery catch forecast obtained using linear autoregression equations is accurate
when fish population numbers do not considerably fluctuate over the study period,
and exploitation remains at a constant level.

It was already mentioned that fishery techniques, and type and numbers of the
fishing gear in the lakes under study did not highly vary over the study period. The
fish were harvested using traps and drag nets. Occasionally gill nets were used. Ex-

ploitation, however, differed due to different frequency of discharge limited by the

weather.
Some data on fish catch in 1991-1993 are shown in Tab. 2.

TABELA 1
Theoretical and actual fish catch yield values in 1993 (kg ha™)

Real catch Theoretical catches

Lake Species
I 11T

Eebsko Bream

Pike

Pike-perch

Gardno Bream

Pike

Bukowo Bream

Pike

Pike-perch

Bream

Pike

Pike-perch
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High intensity of traps is characteristic for Pomeranian lakes, in which eel is of
particular fishery interest. Eel traps are set in the lake usually from April to Novem-
ber, and are removed before the first frosts.

In autumn and winter fish are harvested using drag nets. In these periods over

90% of hauls take place, usually one haul a day. The data in Tab. 2 show that drag nets
are used about 1 month a year.

TABLE 2
Number of days of drag nets use (P), number of trap inspections (N), and total fish

catch in the lakes in 1991-1993

1992 Drag net

Total ca- Total ca-
tch- | tch- | V%
kg-ha kg-ha

Jamno 17 16710 | 33,1 29 43,5 18 25,5
Bukowo | 28 7440 | 28,9 40 35,4 20 28
Gardno 24 41400 | 16,2 36 18,5 21 24

Lebsko | 47* | 39100 | 21,2 108* 27,5 84*
(19+28) (51+57) (38+46)

* - Fish caught with two drag nets

standard deviation
p
mean

The traps are checked almost every day,depending on the weather. In 1991-1993
six fishermen used traps in Jamno, 4 in Bukowo, 8 in Gardno, and 14 in Lebsko. In
Jamno, Bukowo, and Gardno lakes each fisherman used 30 traps, and in Gardno - 25.
Exceptionally, in 1993, each Gardno fisherman used 50 traps.

In that period (1991-1993) the highest intensity of trawling was noted in 1992
(Tab. 2), when number of hauls was much higher than in 1991. In case of Lebsko Lake,
the difference was 130%. Also number of trap inspections was in 1992 higher than in
1991. In Jamno - by 2.3%, in Bukowo — 38.7%, and in Lebsko — 14.7%. Only in Gardno
Lake number of trap inspections was 5.3% lower. Total fish catch in all lakes was
higher in 1992 than in 1991.

In 1993 drag net use was less frequent by 22-50% than in 1992. Number of
trap inspections in Jamno, Bukowo, and Gardno was higher by 14, 28, and 60%

respectively. In Lebsko Lake it was lower by 5.3%. Fish catch yield dropped in all
lakes.
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Thus, it may be concluded that total fish catch per 1 ha was higher in the years of
more intense drag net use. This is confirmed by the fact that despite higher frequency
of trap use in Jamno, Bukowo, and Gardno in 1993 compared to 1992, fish catch was
lower due to lower number of hauls.

Observations of age structure of the harvested fish carried out by the author for
three decades (unpublished) did not reveal any ,strong” age-classes of bream, roach,
pike-perch or pike which would predominate over some period causing higher fish
catch. It should be mentioned that all exploited fish species are long-living (bream,
roach), so share of new age-classes was not so well pronounced as in case of species
with short life span.

It seems that unstable exploitation intensity, dependent on weather, and number
of fishing gears used, were the main factors causing the differences in fish catch in
Pomeranian lakes. This resulted in high differences between the successive years and
rapid changes of the trends.

Thus, forecasting of fish catch one year ahead seems highly inaccurate, and only
for some species (bream, pike-perch, pike), under conditions of stable exploitation,

forecasting accuracy may be sufficiently high for practical use.
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STRESZCZENIE

PRZYDATNOSC ANALIZY SZEREGOW CZASOWYCH (TIME SERIES ANALYSIS)
W PROGNOZOWANIU POLOWOW RYBACKICH W KILKU JEZIORACH PRZY-
MORSKICH

Aby sprawdzi¢ przydatnos¢ analizy szeregéw czasowych do prognozowania wielkosci odlowow
przemystowych, poddano analizie polowy rybackie roznych gatunkéw ryb z jezior przymorskich potud-
niowego Battyku (rys. 1). Analizowano potowy leszcza, ploci, sandacza, okonia, szczupaka i wegorza z lat
1951-1992. Przyijeto, ze roczny odtow (kg~ha'1~r0k 1 jest odpowiednim parametrem do tego rodzaju anali-
zy. A mianowicie, obliczono wspétczynniki korelacji szeregowej i sporzadzono korelogramy potowow
wspomnianych gatunkow (rys. 2-7). Do obliczen wielkosci przewidywanych odlowow wykorzystano trzy
réwnania autoregresji liniowej,

pierwszego rzedu

Yimu+o1(Yyg-p),

drugiego,

Yi=pt (Y g-1+9(Yy 1)
i trzeciego,

Y=+ (Yy -+ (Y i o-)+03(Y 3-1),

gdzie, Y- odlow w roku t

u - $redni odlow w analizowanym okresie obserwacji

¢1, 2, p3 — stale parametry rownania obliczone oddzielnie dla rownania kazdego rzedu z wspotczyn-
nikow korelacji szeregowej (r1, 2, 13).

Dla réwnania autoregresji pierwszego rzedu

(\Dl =r1 7
drugiego

(1 A n)

a dla trzeciego
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2 3 2
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2
rn D2y n, 1

D3

Obliczone z kazdego z trzech rodzajéow (rzeddéw) réwnan autoregresji liniowej, przewidywane wiel-
kosci odlowoéw, poréwnano z rybackimi (rys. 8-10). Krzywe autoregresji wykreslono tylko dla leszcza,
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szczupaka i sandacza wychodzac z zalozenia, ze duza zmiennos¢ odlowoéw wegorza, okonia i ptoci
w poszczegolnych latach analizowanego okresu, przy braku widocznych trendéw potowowych obniza
praktycznie do zera trafnos¢ przewidywan. Z przebiegu krzywych wykreslonych dla danych teoretycz-

nych wynika, ze najwyzsza trafno$¢ prognozy uzyskano dla lat w ktorych odlowy rzeczywiste nie roznity
sie w kilku kolejnych latach o ponad 100%. W latach duzych wahan polowéw trafno$¢ prognozy byla nie-
wielka. Dlatego, prognozowanie odlowdéw z rocznym wyprzedzeniem jest obarczone duzymi btedami
i tylko, jak sie wydaje, w przypadku niektoérych gatunkéw (leszcz, sandacz, szczupak), moze mie¢ prak-
tyczne zastosowanie, jezeli podlegaja one wzglednie ustabilizowanej eksploatacji.

ADRES AUTORA:

Doc. dr hab. Wladystaw Ciepielewski
Instytut Rybactwa Sr(’)dladowego
Zaktad Ichtiologii

10-719 Olsztyn, ul. Oczapowskiego 10




