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Abstract 

Tiger-toothed croaker (Otolithes ruber) is one of the most important species that currently 

catch in the Northwest of Persian Gulf. A Generalized Additive Model (GAM) was fitted to 

Tiger-toothed croaker, Otolithes ruber, CPUE data (kg  per hour) from gillnet based in 

Northwest of Persian Gulf, Iran, between 2013 and 2018, with the aim to observe their 

relationship with environmental, spatial and temporal information. GAM model accounted for 

36.4% of the variance in nominal CPUE. Stepwise GAM revealed the relative importance of 

two variables by decreasing magnitude, namely kd490 and month. The maximum and least 

CPUE rate occurred in Feb 2013 (42.62 kg/h) in Boseif station and November and December 

2013 (1.13 kg/h) in Darvish station. This study considered the possible relationship of spatial, 

temporal and some satellite derived environmental variables on Otolithes ruber CPUE to 

finally help implementing of ecosystem based fisheries management for stock recovery 

program and management of this species. Results of this research revealed that latitude and 

longitude and year sampling have the greatest impact on Otolithes ruber CPUE. Since, the 

early step in ecosystem management is the sufficient knowledge on ecosystem and distribution 

of target species in relationship to environmental variables, therefore this research could help to 

implementing of ecosystem based management in this region. 

 

Keywords: Catch rate; Environmental factors; Northwest of Persian Gulf; Otolithes ruber; 
Satellite. 

 

1. Introduction 

Tiger tooth croaker (Otolithes ruber) is a valuable 

species in fisheries, which plays an important role in 

the economy of fishing in the study area and caught 

by bottom trawl, gill-net and hook in coastal waters 

(Fischer and Bianchi, 1984). There is constituting 

nearly 5.0-10.5% of the total landing demersal 

aquatic resources in the Iranian waters (Planning & 

Programming Office of IFRO 2007- 2016) and it 

consists about 0.64 and 1.82% catch composition of 

fish bottom trawlers in the Persian Gulf and Oman 

Sea, respectively (Valinassab et al., 2006, 2016). 

They are found over sandy and muddy substrata but 

do not inhabit rocky areas (Navaluna, 1982). O. 

ruber is widely distributed in the Indo-West Pacific 

(Fischer and Bianchi, 1984) and along the coast of 
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Iran in the Oman Sea and Persian Gulf (Eskandari, 

1997). Natural variations in fish stocks are caused by 

complex interactions of oceanic, physical, chemical 

and biological processes (Solanki et al., 2003). Such 

species channel energy and nutrients from planktonic 

primary and secondary producers to top predators 

thus play an important role in regulating ecosystem 

dynamics (Frederiksen et al., 2006). Conservative 

characteristics such as temperature and salinity are 

not influenced by the primary productivity of the 

system, but non-conservative characteristics such as 

dissolved oxygen, nutrient and chlorophyll-a 

concentrations are regulated directly or indirectly 

(Manasrah et al., 2006). Although the abundance of 

fish can be correlated with environmental variables, 

the actions and interactions of these variables are 

often so complex that the causal relationships cannot 

be demonstrated unequivocally (Ansari et al., 2003). 

Due to its high abundance and worldwide 

distribution, the O. ruber has been well studied and a 

considerable amount of information is already 

available on its biology for the Northwest Persian 

Gulf (Khodadadi et al., 2010; Eskandari et al., 2012; 

Kazemi et al., 2013; Farkhondeh, 2018). However, 

no studies have been conducted, linking commercial 

catch and effort data with environmental 

information. Information of the environmental 

effects on catch rates would greatly facilitate the 

interpretation of fisheries data, which are used for 

stock assessment models (Miller, 2007). The aim of 

the present paper was to study the influence of 

spatial, temporal and environmental factors on 

Otolithes ruber catch rates from gillnet based in the 

Northwest Persian Gulf, Iran. The results, hereby, 

obtained might help to assess part of the Otolithes 

ruber stock in the Northwest Persian Gulf, allowing 

the implementation of more adequate management 

measures for its conservation. 

2. Materials and Method 

The study area was restricted in an area extending 

from 48◦.0 ׳E to 59◦.0 ׳E and catch per unit 

effort(CPUE) data were collected monthly within 

SIX year from Jan 2013 to Jun 2018 in the north-

west of Persian Gulf (Figure 1). 

 
Fig. 1: The sampling stations along the Northwest of the Persian Gulf 

(1:Bahrakan, 2:Boseif, 3: Mosa, 4:Darvish, 5:Vaseteh)  
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Catch rate was expressed using the nominal catch 

per unit effort (CPUE), as biomass of Otolithes 

ruber(kg) /h. The environmental variables selected 

for the analysis were: a) Chlorophyll-a concentration 

(mg/m3); b) Sea Surface Temperature - SST (°C); c) 

kd490 (m), and d) primary production (gc/m2/day). 

Monthly average sea surface temperature (SST) 

(2013–2018) data derived from the Terra-Modis 

level 3 (version 4) (Terra- Moderate-resolution 

Imaging Spectroradiometer) satellite and 

chlorophyll-a  and primary production and kd490 

data derived from the Aqua-Modis level 3 satellite 

were downloaded from the NASA Goddard Space 

Flight Centre (GSFC) through the following website 

http://oceancolor.gsfc.nasa.gov/cgi/. These data are 4-

km pixel resolution products in hdf format. 

Correlations between variables and CPUE were 

examined using Pearson’s correlation coefficient. To 

understand possible effects of environmental factors 

on the CPUE of Otolithes ruber in Northwest of the 

Persian Gulf, we used Principal Components 

Analysis (PCA), which is a common way of 

identifying and expressing patterns in the data in 

such way as to highlight their similarities and 

differences. The relationships between CPUE and 

environmental spatial, temporal factors are very 

likely nonlinear (Maury et al., 2001). The nonlinear 

effects in GAMs are expressed as a smoother 

function of each variable in the predicted value of 

interest (Hastie & Tibshirani, 1990), such as the blue 

shark CPUE. The general formulation of GAM can 

be expressed as follows: 

CPUE = a + year + s (month) + s (chlorophyll-a) + s 

(sea surface temperature) + s (kd490) + s (primary 

production) + e 

where s(x) is the spline smoother function of the 

covariate x.The assumption for GAMs is that the 

response variable is related to smooth additive 

functions of the explanatory variables (Guisan et al., 

2002). The decision on entry or exclusion of the 

predictors was based on the lower value of Akaike 

Information Criterion (AIC) (Akaike, 1974) and F-

test, with 95% of confidence (p<0.05). The 

consistency of the final model was evaluated in 

terms of the pseudocoefficient of determination 

[pseudo R2 = 1- (residual deviance/null deviance)] 

(Swartzman et al., 1992) and by checking the 

distribution of residuals (Ortiz & Arocha, 2004). The 

effects of the various independent variables were, 

then, depicted by plotting the fitted contribution of 

each variable to the total deviance, as a spline 

function. 

3. Results 

Analyses of 5-year (2013–2018) monthly mean 

chl-a data showed that there were monthly variations 

of chl-a in this area. The highest and least chl-a 

concentration occurred in May 2016 (about           

4.13 mg/m3) in Boseif station and Avril 2018 (about 

1.13 mg/m3) in Darvish station, respectively. The 

highest and least CPUE rate occurred in Feb 2013 

(42.62 kg/h) in Boseif station and November and 

December 2013 (1.13 kg/h) in Darvish station, 

respectively. The highest and least primary 

production occurred in March 2014 (2.81 gc/m
2
/day) 

in Darvish station and July 2013 (0.83 gc/m
2
/day) in 

Bahrakan station, respectively.The highest and least 

kd490 occurred in Jan 2015 (0.21 m) in Darvish 

station and July 2013 (0.07 m) in Bahrakan station, 

respectively. The highest and least SST occurred in 

August 2017 (34.94 C°) in Darvish station and Feb 

2016 (13.3 C°) in Darvish and Vaseteh station, 

respectively. Variability of parameters in this study 

is shown in table 1. 

The results of PCA indicated that the first 

principal component is associated with chlorophyll-

a, sst, month, Primary production, and Kd490 and 

second principal component is associated with 

CPUE, Total fishery and year and third principal 

component is associated with longitude and PC4 is 
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associated with year and latitude (Table 2). 

Table 1: parameters variability in during study 

paramet

ers 

highe

st 

lea

st 

averag

e 

Standard deviation 

sst 34.7 13.1

3 

25.25 6.14 

chlorophyll-a 4.13 0.7 2.17 0.5 

Primary production 2.81 0.83 1.85 0.37 

Kd490 0.21 0.07 0.14 0.02 

CPUE 42.64 1.26 9.7 6.9 

Total fishery 20370

7 

793

4 

39969

.3 

30060.

03 

 

Table 2: Principal component weights in the present study 

parameters PC1 PC2 PC3 PC4 

chlorophyll-a 0.756 0.006 0.146 0.120 

sst -0.646 -0.299 0.308 0.461 

month 0.692 0.317 -0.251 -0.369 

CPUE 0.089 0.706 0.330 0.376 

Total fishery -0.082 0.827 -0.372 0.061 

Primary production 0.817 -0.116 0.061 -0.036 

Kd490 0.830 -0.268 0.214 0.208 

year -0.175 -0.584 0.180 -0.550 

latitude 0.416 -0.569 -0.325 0.520 

longitude -0.156 0.253 0.909 -0.141 

 

From these data, 4 principal components explain 

78.38% of the total variance. A scree plot shows the 

eigenvalues sorted from large to small as a function 

of the principal components number. After the forth 

PC (Fig. 2), starting the elbow in the downward 

curve, other components can be omitted. 

The scatter plot, composed from the first and 

second principal components, for sample score as a 

result of the PCA analysis on the 10 factors             

(6 physicochemical factors plus, 4 temporal and 

spatial factors) is shown in Fig. 3. 

 

 

Fig. 2: Scree plot of the eigenvalues in the 

northwest Persian Gulf. 

 

 

Fig. 3: Biplot based on Principal Component 

Analysis (PCA) of CPUE and spatial and 

temporal and environmental parameters  

 

The fitted model explained 36.4% (pseudo-R2 = 

0.36) of CPUE variability and all candidate 

predictors were significant (F test, p< 0.05), with the 

least AIC value found with the full model. All 

variables added, caused a decrease in residual 

deviance. The year and kd490 and month effects 

were the most important (37% and 25%, 14% of the 

explained deviance respectively) (Table 3).  

The residuals distribution for the fitted model 
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showed that the variance remained virtually constant 

(homocedastic), with the average residuals around 

zero. It indicates that the fitted model provided a 

good fit, not being biased (Figure 2). The 95% 

confidence intervals of the standardized CPUE series 

were relatively narrow (Figure 3), considering the 

high variance usually associated with CPUE series. 

The overall standardized CPUE indicates one peak, 

in 2015, which was also followed by a higher 

variance. 

 

 

Fig. 2: Frequency distribution of residuals for  

generalized additive model (GAM) fitted to Tiger 

tooth croaker catch rates, from Northwest Persian Gulf, 

in 2013- 2018. 

 

Comparison among Akaike weights (wi) and 

evidence ratios (ER) gave overwhelming evidence in 

favor of the Gamma distribution, relative to all the 

other candidate models, suggesting it as the best 

approximating distribution for our model (Table 3). 

 

 

 

Table 3: AIC results, Akaike weights (wi) and evidence ratios 

(ER), for several error distributions in a GAM 

for factors affecting Tiger tooth croaker catches, 

in the Northwest Persian gulf (2013–2018) 

model AIC Δi wi ER 

Gaussian 2095 1960 ~0 infinity 

Log-normal 1125 2120 ~0 infinity 

Poisson 305 1400 2.3E-12 infinity 

Gamma 145 0 ~1 infinity 

 

The results of the GAM models are shown as plots 

of the fitted contribution of each predictor variable to 

the total deviance, as a spline function on the 

parameter of interest, i.e. Tiger tooth croaker CPUE. 

The 95% confidence bands are also plotted around 

the best fitting smooths for the main effects. The x-

axis shows the density of data points for each 

predictor variable added in the model. The y-axis 

reflects the relative importance of each predictor 

variable of the model. The year effect on the catch 

rate of Tiger tooth croaker showed high values from 

2014 to 2015, with a peak in 2014 (Figure 4). The 

kd490 effect was positive until 0.12 m, becoming 

negative onwards. Month factor contributed 14% of 

the total reduction in deviance. Catch rate was low in 

the first six months. From June, catch rate increased 

stably and revealed peaks in December. The plot for 

factor Month indicated that October to December 

was the most favorable fishing season The 

Chlorophyll-a, SST and pp were the least statistically 

significant factor in GAM analysis. Catch rate 

showed an increased trend from the negative SST to 

positive SST in general with small fluctuation. The 

Chlorophyll-a effect on Tiger tooth croaker CPUE 

was a positive trend from 2.5 to 4mg/l (Figure 4). 
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Table 2: Stepwise of the generalized additive model (GAM) fitted to Tiger tooth croaker catch rates. 

The reduction of residual deviance (Resid.Dev), degrees of freedom (D.f), F- test, associated significance, 

and AIC (Akaike Information Criterion) statistic are presented for each term. 

Model with 

structure-terms 

Resid. Df D.f Deviance F.Value Pr (F) Explained 

Deviance (%) 

Null 4253 - - - - - 

yaer 4263 2.2 1652 420.2 1.15e-13 37.2 

Kd490 4241 2.4 1463 101.3 0.00313 25.7 

Month 4240 3.1 1020 87.9 0.03018 14.1 

pp 4270 4.1 252 45.6 0.02 9 

chla 4271 4.2 130 32.2 0.01 8 

sst 4272 4.1 98 28.6 0.01 6 

 

 

 

Figure 3: Yearly standardized CPUE estimated by generalized additive model (GAM) compared with nominal CPUE 

of Tiger tooth croaker caught by gill-net, in 2013 - 2018. Vertical bars represent the 95% confidence 

intervals of standardized CPUE estimates. 
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Figure 4: Coefficients of the Generalized Additive Model (GAM) for Tiger tooth croaker against additive terms of SST (a) and chla (b), 

pp (c), kd490 (d) and month (e) year (f). Dashed lines indicate the value of GAM coefficient, 

dotted line are the 95% confidence intervals at P<0.05.    
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4. Discussion 

Information about temporal changes in the relative 

abundance of fish stocks is essential to allow a 

proper assessment of their status, and to adopt 

management and conservation measures, ensuring 

the long-term sustainability of the resources. In this 

case, CPUE has been extensively employed, 

although their use as an index of relative abundance 

is criticized by several authors (Maunder and  Punt, 

2004) , because of the factors influencing the 

relationship between CPUE, fishing effort and actual 

abundance are multiple and commonly not linearly 

distributed, easily leading to erroneous 

interpretations(Maury et al., 2001). Saberi (2013) 

and Sabokzehi (2015) observed the highest Tiger 

tooth croaker was in December and lowest values 

occurring from July to August in Persian Gulf .Our 

results showed agreement with most studies, with 

high Tiger tooth croaker abundance occurring in the 

second and beginning of the third quarter. 

Although, the spatial and temporal factors have 

shown the greatest influence on Tiger tooth croaker 

CPUE, the environmental effects were also 

significant. The inclusion of environmental variables 

in the analysis is not an easy task, often resulting in 

low levels of explanation, because fishing and 

environmental data are not obtained simultaneous 

(Brill and Lutcavage, 2001; Sharp et al., 1983). The 

inclusion of environmental variables in the model, 

therefore, is relevant for an appropriate 

understanding of the distribution of this shark species 

in the southwestern Atlantic Ocean. 

According to Harris et al. (2001) the main forces 

structuring the first assemblages in near shore and 

bay zones are the interactive effects of the physical 

environment and differing responses of the various 

species to physic chemical conditions. According to 

this study, kd490 was the main variable to catch rate 

of Tiger tooth croaker. Francisco et al. (2006) 

observed depth and transparency were the most 

important variables to influence abundance of 

Sciaenidae. Also, that results showed the highest 

densities of some species e.g. C. leiarchus occurred 

in the lowest temperature while M.americans did not 

show significant negative correlation to depth, 

transparency and salinity, while C. gracilicirrhus 

showed preferences for any of the examined 

environmental variables. 

When fish biomass and potential yields are 

estimated based on ocean primary production, a 

positive relationship between ocean primary 

production and the abundance of fish is always 

implicit (Huang and Zhang, 2010; Li and Lu, 2008; 

Lu et al., 2000; Ning et al., 1995). However, since 

mechanisms of trophic control in ocean ecosystems 

are complicated (Chassot et al 2007; Hunter and 

Price, 1992), the relationships may be non-positive, 

such as we found here. As such, before evaluating 

fish stocks based on ocean primary production, 

fishery scientists should take into account the 

mechanisms of trophic interactions. 

5. Conclusion 

The present results suggest that the use of gill-net 

catch-and-effort data combined with spatio-temporal 

and environmental information, for the construction 

of GAM models is a suitable approach in the analysis 

of factors related to the availability and vulnerability 

of the Tiger tooth croaker. The GAM model has 

proved an adequate tool to measure the non-linear 

effects of variables on CPUE. The results obtained 

by the present work have also demonstrated the 

complexity of the correlation between the 

distribution of Tiger tooth croaker and the 

environmental factors. The present study also 

provides a useful management tool for local fishers 

and fisheries operations. 
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