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EXTENDED ABSTRACT

Introduction: The Caspian Kutum (Rutilus frisii) is one of the most important bony fish species
of the Caspian Sea and has high conservation and commercial value. There were decreasing
trends in its catch levels in the last years. Identifying temporal trends of its catch could help
adopt proper plans to maintain the stocks of this important species and achieve sustainable
exploitation goals. In the present study, we conducted a time-series analysis for catch data of
the species over a decadal period.

Material and Methods: The commercial catch data of Caspian Kutum, over the seine net
fishing points of the northern coastal regions of Iran during catch seasons 2002/03 to 2011/12,
were used as catch-per-unit-of-effort (CPUE). A 5-point moving average of CPUE was used to
distinguish the fishing points as optimum (with normalized CPUEs > 0.6) and non-optimum
(with normalized CPUEs < 0.6) fishing locations. Time series modeling was conducted using
the seasonal autoregressive integrated moving average (SARIMA) model based on seasonal 3-
month intervals. The performance and predictive ability of the models were assessed using a
set of indices, including Akaike’s information criteria (AIC), Bayesian information criterion
(BIC), root mean squared error (RMSE), normalized root mean squared error (\RMSE), mean
absolute error (MAE), normalized mean absolute error (NMAE) and the Pearson correlation
coefficient (r). CPUE trends over the five years of 2013 to 2017 were predicted using the best-
fitted SARIMA models.

Results and Discussion: Five optimum (HR) and six non-optimum ranges (CR) were identified
over the whole fishing points range (WR). The fitted SARIMA models based on the whole data
of all fishing locations as well as classified optimum and non-optimum ranges of fishing
locations did not have significant non-seasonal autoregressive and moving average
components, indicating no increasing nor decreasing trends for CPUE over the study period,
while for some of the ranges of fishing points, there were significant autoregressive and moving
average components with clear seasonal increasing trends. The overall trend of CPUES showed
mainly an increase from 2002 to 2006, and then after relatively constant levels, there were
decreases from 2009 to 2013. The obtained predictions from the models for data sets having
sudden temporal fluctuations were less accurate. In contrast, higher accuracy levels of
predictions and trends were observed for fish catch time series with no sudden alterations in
CPUE levels over the studied period. Most of the obtained predictions for 2013-2017 similarly
presented stationary fluctuation trends with apparent seasonal increases in CPUEs.

Conclusion: Time-series modeling for R. frisii using the SARIMA method mainly indicated
clear increasing seasonal trends without any general trend of change over the whole fishing
points. The simplicity of the obtained models considering the obtained seasonal and non-
seasonal components could be explained by the short time frame and the low number of data
points. However, spatial classification of fishing points resulted in more detailed models and
higher recognition potential of them. The findings of this research could lead to a better
understanding of the temporal trends in catch levels of Caspian Kutum and use them by fisheries
managers to adopt efficient management plans regarding the available stocks of this species in
the future.
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Fig. 2- The optimum (HR) and non-optimum (CR) ranges of fishing points for the Caspian Kutum along the coastal fishing points
based on the normalized seasonal mean CPUEs
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Table 1. fitted SARIMA (p,d,q)(P,D,Q)s models for time series of all fishing points (WR), and optimum (HR) and non-optimum (CR)
ranges of fishing points

Parameters

2t SARIMA

Area ar; may sar; sar, smay Ljung-Box (P-value)
WR (0,0,0) (0,1,0)4 - - - - 0.790
HR1 (0,0,0) (2,0,0)4 - - 0.279 0.305 - 0.982
HR2 (0,0,0) (0,1,1), - - - 0.726 0.978
HR3 (0,0,0) (0,1,0)4 - - - - 0.327
HR4 (0,0,1) (2,1,0)4 0.227 - 0.256 0.216 - 0.866
HR5 (0,0,0) (0,1,1), - - - 0.431 0.925
CR1 (0,0,0) (2,1,0)4 - - - 0.805 - 0.296 - 0.934
CR2 (0,0,0) (1,1,0)4 - - -0.591 - - 0.650
CR3 (0,0,0) (0,1,1), - - - -0.741 0.563
CR4 (0,0,0) (0,1,0)4 - - - - 0.673
CR5 (1,0,0) (0,1,1)4 0.127 - - -0519 0.974
CR6 (0,0,0) (0,1,0)4 - - - - 0.409
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Table 2. Comparison of best fitted SARIMA models for all fishfng "points (WR), and optimum (HR) and non-optimum (CR) fishing
locations
cds b psls

sl

hree AlC BIC (kglse'\i/lrfr:zour) nRMSE (kg/s'\e/lilrl;\.ﬁour) NMAE r
WR 621.8 623.3 1257.24 0.135 584.13 0.063 0.86
HR1 743.8 750.6 2347.4 0.154 1083.9 0.081 0.52
HR2 617.1 620.2 1098.4 0.143 486.2 0.064 0.77
HR3 713.5 715.1 4491.1 0.148 2086.9 0.062 0.78
HR4 640.1 646.4 14721 0.136 875.3 0.071 0.81
HR5 581.2 584.3 687.5 0.103 4133 0.062 0.94
CR1 613.3 618.1 1018.4 0.149 448.7 0.065 0.80
CR2 600.4 603.6 887.4 0.180 4279 0.086 0.62
CR3 622.1 625.3 1175.6 0.181 501.6 0.077 0.69
CR4 599.0 600.6 916.3 0.134 484.4 0.071 0.87
CR5 574.5 579.2 605.4 0.122 353.8 0.072 0.86
CR6 589.2 590.7 798.9 0.135 406.0 0.068 0.84

5eSils MAE tous Jloy sllas las o (el ay, NRMSE tllas by yo psSiloo 4y ) RMSE 550 Sl [Las BIC sAkaike sledbl ,Las -AIC)

(0051 polie g o2bly polie ‘o (ygus e (St oo T t00s Jlo i Bllae (glas . Silee NMAE ¢3llas glas

AIC: Akaike's information criterion; BIC: Bayesian information criterion; RMSE: root mean square error; nRMSE: normalized root mean
square error; MAE: mean absolute error; nMAE: normalized mean absolute error; r: Pearson's correlation coefficient
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Fig. 3- Observed and estimated time series of catch per unit of effort (CPUE) for the Caspian Kutum for all the fishing points (WR).
Model parameters are presented in Table 1. For the period of 2002-2012: solid line: observed time series; dashed line: estimated time
series; for the period of 2013-2017: dashed line: predicted time series; gray zone: 95% confidence levels of predictions
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Fig. 4- Observed and estimated time series of catch per unit of effort (CPUE) for the Caspian Kutum for the optimum ranges (HR)

of fishing points. Model parameters are presented in Table 1. For the period of 2002-2012: solid line: observed time series; dashed

line: estimated time series; for the period of 2013-2017: dashed line: predicted time series; gray zone: 95% confidence levels of
predictions
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Fig. 5- Observed and estimated time series of catch per unit of effort (CPUE) for the Caspian Kutum for the non-optimum ranges
(CR) of fishing points. Model parameters are presented in Table 1. For the period of 2002-2012: solid line: observed time series;

dashed line: estimated time series; for the period of 2013-2017: dashed line: predicted time series; gray zone: 95% confidence levels
of predictions
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