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Abstract: This paper aimed to develop forecasting models and to assess the
trends in the production of freshwater crayfish in Turkey. Different trend
analysis methods (Box-Jenkins method, Sen’s innovative trend analysis, Mann-
Kendall test) were compared, and different autoregressive integrated moving
average (ARIMA) models were generated to forecast the future trend. The
results of the innovative trend analysis methodology and ARIMA models
revealed that freshwater crayfish production has a decreasing trend during the
study period, although there are some fluctuations. ARIMA models predicted
that the production of freshwater crayfish would continue to decrease in the
future period. The present paper is also the most temporally rich assessment of
the crayfish production in Turkey encompassing 100+ years from 1909 to 2018.
Several factors such as climate change, overexploitation, diseases, legal
regulations, and fisheries management policies might affect the production
amount. Therefore, appropriate policies for fisheries management and legal
regulations should be planned and implemented to improve the production.
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Oz: Bu calismanin amaci1 Tiirkiye’deki kerevit iiretiminin egilimlerini
degerlendirmek ve gelecege yonelik tahmin modelleri gelistirmektir. Farkli
trend analizi yontemleri (Mann-Kendall testi, Sen’in yenilik¢i trend analizi,
Box-Jenkins yontemi) karsilagtirilmis ve gelecekteki egilimlerin tahmin
edilmesi icin farkli otoregresif biitiinlesik hareketli ortalama (ARIMA)
modelleri gelistirilmistir. Yenilik¢i trend analizi metodolojisinin ve ARIMA
modellerinin sonuglar1 ¢alisma periyodu boyunca dalgalanmalar olmasina
ragmen kerevit iiretiminin azalan bir egilime sahip oldugunu gostermistir.
ARIMA modelleri kerevit Gretiminin gelecek dénemlerde azalmaya devam
edecegini tahmin etmektedir. Ayrica, bu c¢aligma Tirkiye’deki kerevit
iretiminin zamansal olarak 1909 ile 2018 yillar1 arasindaki 100 yildan fazla
siireyi kapsayan en genis degerlendirmesini sunmaktadir. Asirt avcilik,
hastaliklar, iklim degisikligi, yasal duzenlemeler ve balik¢ilik yonetimi
politikalar1 gibi birgok faktdr liretim miktarni etkileyebilmektedir. Dolayisiyla,
iretimin gelistirilmesi i¢in uygun balik¢ilik yOnetimi politikalar ile yasal
diizenlemeler planlanmali ve uygulanmalidir.
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1. Introduction

Freshwater crayfish, which are the largest forms of decapod crustaceans contain economically
important species living in the inland waters, are represented by 737 species and subspecies around the
world (Crandall and Buhay, 2008; Crandal and De Grave, 2017). Although it has been reported to be a
different subspecies of the species found in Turkey, the species were also reported to be genetically
Pontastacus leptodactylus (Akhan et al., 2014). Crayfish production is achieved by both fishing and
aquaculture methods. Although the number of species is high, fisheries and aquaculture activities
concentrate only on three economically important species (belonging to Cambaridae, Parastacidae,
Astacidae).

In Turkey, there are many researches on freshwater crayfish mainly focusing on biology and
reproduction (Balik et al., 2005 and 2006; Balik et al., 2005; Berber and Balik, 2006; Berber et al.,
2010; Harlioglu et al., 2012; Bok et al., 2013; Bolat and Kaya, 2016; Harlioglu et al., 2018),
population dynamics (Bolat, 2001; Berber et al., 2012; Yiiksel et al., 2013), fisheries technology
(Balik et al., 2002 and 2003; Bolat et al., 2010), genetic (Akhan et al., 2014), and polyculture (Berber
and Kale, 2018; Berber et al., 2019).

Freshwater crayfish stocks should be improved, and alternative production methods should be
expanded. The current method of production is based only on the harvesting and is carried out in the
form of exploitation of stocks with continuous overfishing pressure without improving the available
stocks. In addition to fisheries, freshwater crayfishes are produced in the world by using culture
methods. These methods vary depending on the species; it can be listed as a monoculture, alternating,
extensive, and intensive. In these production routes, it is aimed to stock up individual or natural stock
to natural or artificial reservoirs (Diler, 2013). One of the methods of producing freshwater crayfish is
paddy crayfish alternating breeding systems. Researches on the crayfish-rice polyculture are quite
limited in Turkey (Berber and Kale, 2018; Berber et al., 2019).

Sen et al. (2019) provided a general description of a trend, as it could be usually directional
and in the forms of gradually decreasing or increasing average tendency in a time series. Trends in the
time series can be predictable visually. However, methodological and scientific approaches have
reasonably limiting assumptions to impartial documentation. Trend analysis aims to forecast the future
tendency based on the independent, measurable, and identification, detection systematically, and
estimate mechanisms while stochastic element displays itself as the residual nearby the trend (Sen et
al., 2019). The detection of trends has great importance and several techniques used for the assessment
of trends (Mann, 1945; Kendall, 1955; Sen, 1968, Box and Jenkins, 1976; Sen, 2012; Sen et al., 2019).
Trend analysis commonly used in statistical analysis for economical, hydrometeorological,
geophysical, environmental, and related time series. Many scientists applied trend analysis to
hydrological or climatic time series (Kale et al., 2016a and 2016b and 2018; Ejder et al., 2016a and
2016b; Kale, 2017a and 2017b; Kale and S6nmez, 2018a and 2018b and 2019a and 2019b and 2019c
and 2020; Arslan et al., 2020). However, there is no investigation on the assessment of the trends in
freshwater crayfish production in Turkey. Therefore, this paper aims to develop forecasting models
and to assess the trends in freshwater crayfish production in Turkey.

2. Material and Methods
2.1. Data

Data used in this study comprises the production amounts of freshwater crayfish (Pontastacus
leptodactylus) in Turkey between 1909 and 2018. The data was obtained from Deveciyan (2011) and
the website of Turkish Statistical Institute (TurkStat, 2020).
2.2. Change point analysis

The change point analysis is a non-parametric test, and it was firstly developed by Pettitt

(1979) in order to identify significant variations in the averages of a time series. Change point analysis
was executed by using R statistical software (R Core Team, 2020).
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The null hypothesis is that the parameters follow distributions that have a similar position
parameter and describes the non-appearance of change point, contrary to the alternative hypothesis
that directs the occurrence of a change point. The formulae are given below:

Ky = max|U.r|,and fort = 2,...... ,T; (1)
t T
Ur = Z Z sgn(xi - xj) 2
i=1 j=t+1

The null hypothesis is calculated with Ky and Uit confirms if two samples (Xi,..., X and
x+1,..., X7) are in the same population. Associated probability (p) is used to compute the level of
significance.

2.2. Trend analysis
2.2.1. Box and Jenkins method

Trend analysis is a frequently applied technique to define the trend in a hydrologic time series.
Box and Jenkins (1976) suggested a technique to discovery the best fit of a time-series model to
chronological values of a time series, and defined it as autoregressive integrated moving average
(ARIMA) model. This technique was implemented in order to determine the trend in the streamflow
data. Trend analyses were executed in SPSS and Minitab statistical software. In addition,
autocorrelation analyses were performed to calculate the consistency of trend analysis results. The
used ARIMA model is as follow:

Xt:C+¢1Xt_1+"'+¢pxt_p+Hlet_1+9qet_q+et (3)

Herein, X; is the variable will be defined in t time, e is the error in t time, & is the coefficient of
per g parameter, @ is the coefficient of per p parameter, and c is the constant.

Primarily, the order of differencing and grades of the AR and MA were determined by using
autocorrelation function (ACF) and partial autocorrelation function (PACF). Then, the parameters
were anticipated to check the residuals are white noise. In the last stage, the best-fit model was reached
over residuals analysis. Ljung-Box test statistic was used to approve the randomness. Normalized
Bayesian Information Criterion (BIC), R-squared, and p values were compared. ARIMA model with
minimum normalized BIC, p and R-squared values were chosen as the best fit model and used to
estimate. The precision of models was evaluated by using frequently used performance measures
which are root mean square error (RMSE), mean absolute error (MAE), and mean absolute percentage
error (MAPE).

2.2.2. Innovative trend analysis method

Innovative trend analysis methodology was firstly proposed by Sen (2012). In this method,
dataset in the time series is firstly sorted from the past to the recent date, and then it is divided into two
equivalent halves. Both sets are independently sorted again in ascending order. Plotting is carried out
on the Cartesian coordinate system. The first part of the time series is positioned on the horizontal X-
axis, and the other part is positioned on the vertical Y-axis. If data are plotted on the 1:1 (45°) line, it
indicates that there is no trend. On the other hand, if data are located on the lower/upper area of the 1:1
line, it indicates that there is decreasing/increasing trend in given time series (Sen, 2012 and 2014).
The null hypothesis of this method is that there is no statistically significant decreasing/increasing
trend. Otherwise, the alternative hypothesis is the existence of a statistically significant
decreasing/increasing trend in the given time series. Sen’s innovative trend analysis methodology was
commonly implemented to hydroclimatological time series observed at different locations through the

975



YYU TAR BIL DERG (YYU J AGR SCI) 30 (Ek say1/Additional issue): 973-988
Kale and Berber / Trend Analysis and Comparison of Forecast Models for Production of Turkish Crayfish (Pontastacus leptodactylus Eschscholtz, 1823) in Turkey

world (Sen, 2014 and 2015; Kisi et al., 2015; Ay et al., 2018; Gedefaw et al., 2018; Alifujiang et al.,
2020).

2.2.3. Mann-Kendall and Spearman’s Rho Test

Mann-Kendall test was initially suggested by Mann (1945), and then it was advanced by
Kendall (1955). The Mann-Kendall test is a comprehensively accomplished test to examine a trend in
a time series. One advantage of this non-parametric test is that the data do not require to track any
specific distribution. The formulae are given below:

n—-1 n
S=) ) sgnGu—x) (4)
i=1 k=i+1
In this formula, the time series x;is fromi=1, 2, ..., n-1, and xx fromk =i+ 1, ..., n.
+1, 0>0
sgn(8) = y 0, 0=0 5)
-1, 0=0

Normalized test statistic is calculated by the next equation:

S—-1

_, S$>0
7 = Jvar(S) 6
cT ) S+1 S$=0 (6)

Jvar(s)’ $<0

In this formula, the test statistic is Z. and when |Z¢| > Z1_4», in which Z;_,» are the standard
normal variables, and « is the significance level for the test, Ho will be rejected. The size of the trend is
calculated by the formula given below:

B =Median (xzj"),v,-< i,,wherel < j < i < n (7)

A positive value of £ points to an increasing trend, while a negative value of £ points to a
decreasing trend.

Non-parametric Spearman’s rho test was carried out to compute the strength of a monotonic
relationship between two parameters (Lehmann, 1975; Sneyers, 1990). Non-parametric Spearman’s
rho test and Mann-Kendall test suggest more truthful outcomes than parametric tests (Kale and
Sénmez, 2018a).

3. Results
Pre-whitening processes were not implemented to the data, and original raw data was used to
keep the originality of the time series in the trend analysis methodology. Table 1 describes the basic

statistics of the time series. The results of the Mann-Kendall and Spearman’s rho tests were provided
in Table 2. The number of available data is 62.
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Table 1. Descriptive statistics of time series data

Period Mean SE SD CS CVv CK Min Max
First half 2270.97 463.20 2578.97 2.12 1.14 -0.63 3 7937
Second half  949.58 101.03 535.51 3.67 0.59 0.11 320 2317
All data 1610.27 249.85 1967.31 2.04 1.22 2.56 3 7937

Note: SE is the standard error, SD is the standard deviation, CS is the coefficient of skewness, CV is the
coefficient of variation, CK is the coefficient of kurtosis, Min is the minimum value, and Max is the maximum
value.

The normality of the dataset was analysed by Shapiro-Wilk and Kolmogorov-Smirnov tests. In
these tests, the null hypothesis is that the sample data are not significantly different from a normal
population. On the other hand, the alternative hypothesis is that the data are meaningfully different
from a normal population. The statistics of the normality tests were found 0.699 and 0.265 by Shapiro-
Wilk test and Kolmogorov-Smirnov test (with Lilliefors significance correction). The p-values for
both tests were found 0.00. The results of the normality test exhibited that these data are significantly
different from normal. Therefore, non-parametric Spearman’s rank correlation and Mann-Kendall test
tests were implemented to the dataset. The results of the tests were given in Table 2. In addition, Sen’s
slope value was calculated as 6.952381.

Table 2. The results of the non-parametric tests

Statistical parameters Values Trend
Kendall’s tau 0.100 v

p 0.251

Spearman’s rho 0.148 v

p 0.251

Note: V¥ indicates statistically insignificant decreasing trend

Change point analysis results stated that the change point of the time series was 1967. On the
other hand, one more analysis was performed for further understanding the trends and patterns in the
freshwater crayfish production by using a specific part of the time series covering the period from
1965 to 2018 since the production amounts regularly recorded at this period. The results of this
analysis directed to 1988 as the change point. After 1988, the production amount fell by half year by
year. The main reason for this decrease was the crayfish plague.

Sen’s innovative trend test result is presented in Figure 1. The results of the innovative trend
analysis methodology revealed that freshwater crayfish production in Turkey has a monotonic
decreasing trend.
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Figure 1. Scatter diagram of freshwater crayfish production in Turkey according to the Sen’s
innovative trend analysis method.

Box and Jenkins (1976) recommended that the practice of the autocorrelation function (ACF)
and the partial autocorrelation function (PACF) as the main analyses to decide the model sequence of
ARIMA. The results of ACF and PACF of ARIMA (1,1,1), ARIMA (2,1,2), ARIMA (0,1,1), ARIMA
(1,0,1), and ARIMA (1,1,0) models were presented in Figure 3, Figure 5, Figure 7, Figure 9, and
Figure 11, respectively. The best fitted model is the model over and done with random residuals at a
certain significance level. Henceforth, the level of significance of ARIMA models was compared. In
addition, Ljung-Box test statistic was performed to approve the randomness. The values of R-squared
were deliberated to choose the best fitted model. Values of R-squared that closer to zero and lower
values of normalized Bayesian Information Criterion (BIC) demonstrate a good fit. Therefore,
ARIMA (0,1,1) model was chosen to estimate the future trends of the freshwater crayfish production
in Turkey. The precision of models was evaluated by using frequently used performance measures
which are root mean square error (RMSE), mean absolute error (MAE), and mean absolute percentage
error (MAPE) (Table 3).

Time series plots and future predictions of different ARIMA models were illustrated in Figure
2, Figure 4, Figure 6, Figure 8, and Figure 10. Upper confidence limits, lower confidence limits, fit
and forecast values were also demonstrated in these figures. ARIMA (1,0,1) model predicted a
statistically significant increasing trend in the production amount of freshwater crayfish, while other
ARIMA models predicted a decreasing trend. ARIMA (1,1,1) model pointed out that the decreasing
trend in the production amount of freshwater crayfish was found statistically insignificant whereas the
decreasing trend was found statistically significant by ARIMA (0,1,1), ARIMA (1,0,1), and ARIMA
(2,1,2) models.
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Figure 2. Output of ARIMA (1,1,1) model for freshwater crayfish production in Turkey.
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Figure 3. Residuals of autocorrelation functions and partial autocorrelation functions of ARIMA
(1,1,1) model for freshwater crayfish production in Turkey
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Figure 4. Output of ARIMA (2,1,2) model for freshwater crayfish production in Turkey.
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Figure 5. Residuals of autocorrelation functions and partial autocorrelation functions of ARIMA
(2,1,2) model for freshwater crayfish production in Turkey.
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Figure 6. Output of ARIMA (0,1,1) model for freshwater crayfish production in Turkey.
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Figure 7. Residuals of autocorrelation functions and partial autocorrelation functions of ARIMA
(0,1,1) model for freshwater crayfish production in Turkey
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Figure 8. Output of ARIMA (1,0,1) model for freshwater crayfish production in Turkey.
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Figure 9. Residuals of autocorrelation functions and partial autocorrelation functions of ARIMA
(1,0,1) model for freshwater crayfish production in Turkey.
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Figure 10. Output of ARIMA (1,1,0) model for freshwater crayfish production in Turkey.
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Figure 11. Residuals of autocorrelation functions and partial autocorrelation functions of ARIMA
(1,1,0) model for freshwater crayfish production in Turkey.

The production of freshwater crayfish gradually increased from 1908 (the first recorded time
of the crayfish production) until 1985. A disease titled crayfish plague occurred in 1985 and the
production was suddenly ground to a halt. Crayfish plague is an infectious fungal disease affecting
freshwater crayfish. The occurrence of the plague has caused the closure of fisheries in the Egirdir
Lake Basin and Burdur Lake Basin.
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Table 3. Parameters of ARIMA models for predicting of freshwater crayfish production in Turkey

Models ARIMA (1,1,00 ARIMA (0,1,1) ARIMA (1,1,1) ARIMA (2,1,2) ARIMA (1,0,1)
AR MA

Parameters AR MA AR MA Lagl Lag2 Lagl Lag? AR MA
Coefficient 0.253 -0.367 -0.224 -0.554 -1.402 -0.561 -1.855 -0.999 0.838 -0.437
SE of coefficient 0.127 0.123 0.343 0.294 0.128 0.132 1.640 1.766 0.075 0.129
p-value 0.051 0.004 0.516 0.758 0.000 0.000 0.263 0.574 0.000 0.001
Normalized BIC 13.590 13.557 13.631 13.704 13.562
R? 0.838 0.843 0.845 0.860 0.854
RMSE 807.405 794.066 796.920 772.478 771.114
MAPE 181.472 172.505 185.721 117.929 233.100
MAE 410.889 421.529 430.202 410.249 452.196
Ljung-Box Statistics 16.646 15.126 14.700 10.886 14.496
Ljung-Box p-value 0.479 0.586 0.547 0.695 0.562

4. Discussion and Conclusion

Seafood has global importance to human nutrition and is the most traded food commodity
(Gephart et al., 2017). Unexpected interruptions or shocks for food production may harmfully affect
the trade and admission to food commodities. The trends and patterns of shocks to aquaculture and
fisheries are poorly considered, and therefore it restricts the capability to generalize or forecast
reactions to environmental, economic, and political changes.

There are different methods to forecast the trends in any time series. A frequently used
Spearman’s rho and Mann-Kendall tests have some limiting assumptions. Kisi (2015) indicated those
restrictive assumptions as of the length of the data, normal distribution, and independent structure of
the time series. Trend analysis was commonly applied to hydrometeorological time series by many
scientists (Kale et al., 2016a and 2016b and 2018; Ejder et al., 2016a, and 2016b; Kale, 2017a, and
2017b; Kale and Soénmez, 2018a and 2018b and 2019a, and 2019b and 2019c; S6nmez and Kale,
2020, Arslan et al., 2020). Likewise, Sen’s innovative trend analysis methodology was also frequently
applied to hydroclimatological time series observed at different locations through the world (Sen, 2014
and 2015; Kisi et al., 2015; Ay et al., 2018; Gedefaw et al., 2018; Alifujiang et al., 2020).

Gephart et al. (2017) documented shocks to fish production, and they noted identification,
trends, and consequences of fish production in detail. Recent trends in the production of fisheries
resources have been investigated by several studies. For instance, Srivastava (2004) investigated the
latest trends in export and production of fish in India. The authors examined the temporal production
of fish and noted that marine and inland fish production in India significantly grew over time.
Moreover, the authors indicated that the comparatively higher growth of inland fish production point
out that aquaculture is being deliberated as the employment for avocation generating and promising
income for local people. Karimpour et al. (2011) investigated the status of freshwater crayfish in Iran.
Oladimeji (2017) examined the trend in the production of fish in Nigeria from 1970-2014. The author
indicated that the estimated demand for fish develops faster than variation in local fish production.
Correspondingly, Oladimeji (2018) examined the trend of artisanal fisheries production in Nigeria and
documented that demand for fish products and gross domestic product of Nigeria progressively
increased during the study period, while the domestic production of fish commodity and other
agricultural products fluctuates. In addition, the author put forward that there was no interconnection
between either aquaculture or artisanal fisheries production and economic growth from 1970 to 2014.

In Turkey, there are few reports on the current status of the freshwater crayfish (Harlioglu and
Holdich, 2004; Harlioglu and Harlioglu, 2004 and 2009; Harlioglu, 2008; Aydin et al., 2012; Tiirel et
al., 2015; Cilbiz et al., 2020; Berber, 2020). In addition, Kale et al. (2020) documented the first report
of the albinism in P. leptodactylus and Kale et al. (2021) reported blue color anomaly in P.
leptodactylus from Atikhisar Reservoir, Canakkale. These anomalies attributed to genetic recessive
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due to lack of melanin and carotenoid pigments. Berber et al. (2014) documented problems and
solutions for ensuring the sustainability of crayfish stocks in terms of fisheries management. On the
other hand, there is no study on the assessment of trends and patterns of the freshwater crayfish
production. The present paper is the first study on the future forecasting and the assessment of the
trends in the freshwater crayfish production in Turkey. Moreover, this is the most temporally rich
assessment of the crayfish production in Turkey encompassing 100+ years from 1909 to 2018.

Freshwater crayfish stocks should be enhanced, and alternative production approaches should
be considered. The current method of production is only depending on the harvesting and is
conducting by the exploitation of stocks with continuous overfishing pressure without improving the
existing resources. Similarly, Cilbiz et al. (2020) noted that available freshwater crayfish stocks are
encountered some problems such as habitat destruction, aquatic pollution, fishing pressure and
disease. Therefore, the production of freshwater crayfish by only harvesting the natural stocks has no
potential to be increased in the future period. Hence, investigations on monoculture or polyculture
(e.g., suggested by Berber and Kale, 2018; Berber et al., 2019) of freshwater crayfish should be
progressively carried out. Berber and Kale (2018) suggested the rice-crayfish polyculture as an
alternative, applicable, and economic approach to growth crayfish with rice production. Berber et al.
(2019) determined the ideal stock density of freshwater crayfish in polyculture with rice. Limited
studies on polyculture of crayfish and rice revealed that crayfish polyculture with rice production in
paddy fields are successfully accomplished in Turkey. Therefore, rice-crayfish polyculture can be
applied due to the abundance of paddy fields in Turkey. Thus, the increase in the production of
freshwater crayfish can increase the income level of relevant people and also it may provide
employment opportunities, economic growth, and social welfare. Artisanal fisheries and sport fishing
activities could be more attractive in such water bodies allowing self-fishing in the water resources.

In conclusion, this paper assessed the trends in the production of freshwater crayfish in
Turkey. Moreover, different trend analysis methods and forecasting models were compared. The
present paper is also the most temporally rich assessment of the crayfish production in Turkey
encompassing 100+ years from 1909 to 2018. The results of the innovative trend analysis
methodology and ARIMA models revealed that freshwater crayfish production has a decreasing trend
during the study period, although there are some fluctuations. ARIMA models predicted that the
production of freshwater crayfish would continue to decrease in the future period. Several factors such
as climate change, overexploitation, diseases, legal regulations, fisheries management policies might
affect the production amount. Therefore, appropriate policies for fisheries management and legal
regulations should be planned and implemented to improve the production.
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