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Background and Objectives: Skipjack tuna (Katsuwonus pelamis) is
considered to be among the commercially important species in the Persian
Gulf waters. Understanding the distribution patterns of this migratory
species is important for the effective management of its stocks. Point
pattern analysis is an important statistical method used to examine the
spatial pattern of tuna patterns and can be utilized to verify whether this
pattern is random, clustered, or uniform. This knowledge is crucial for the
sustainable management of fisheries and the conservation of marine
ecosystems since it can be utilized in the identification of critical habitats,
the management of fisheries grounds and the development of conservation
plans. Additionally, this research can be utilized in refining knowledge of
the overall health of marine ecosystems and species interactions that can
ultimately lead to tuna populations and other marine species being
conserved. Therefore, the current research attempted to model the
distribution patterns of this fish using logistic regression-based modeling.

Materials and Methods: Due to the unavailability of proper information,
remote sensing data for 2002-2013 were employed. In this study, data
regarding the occurrence of skipjack tuna (Katsuwonus pelamis) were
collected from the GBIF database for the years 2002-2013. To identify
environmental conditions that are influencing the occurrence of the species,
related environmental attributes were retrieved from MODIS satellite data
from the AQUA satellite. These parameters were reflectance at various
wavelengths, temperature, chlorophyll concentration and environmental
conditions. Logistic regression was employed for fitting the occurrence of
the tuna and to prevent overfitting, 75% of data were used for training and
25% for testing the model. Performance of the models was evaluated by the
AUC (Area under the roc curve), and sensitivity and specificity values
were also calculated. Additionally, the pattern of tuna presence points was
also subjected to the F function of spatstat package to determine if the
point pattern was clustered, random, or uniform.

Results: The conducted models showed favorable fit (AUC > 0.786).
The environmental factors most affecting the description of the tuna
distribution were: particulate organic carbon (48.76%), daytime sea surface
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temperature (42.36%) and inorganic particulate carbon (39.17%). Future
points of presence as projected by the models showed spatial variability in
the Persian Gulf over the years considered. But offshore areas were
identified as being highly potential for occurrence of the species. The F
function revealed that skipjack tuna distributed in a clustered pattern in the
Persian Gulf for the majority of years, but also revealed a random pattern
for the years 2004, 2005 and 2007.

Conclusion: This study illustrated that in cases where data for a region of
general distribution under consideration are not sufficient, species presence
probability modeling and using the F function are good enough to take into
account distribution patterns. The study also illustrated that skipjack tuna
often takes a grouped distribution, which demonstrates that it doesn't
randomly occur in the Persian Gulf. The findings of this study can be
utilized to give a clearer image of the condition of skipjack tuna
distribution and assist in developing more effective management programs
for its stocks.
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Figure 1. Presence points of skipjack tuna (Katsuwonus pelamis) in the world's oceanic waters recorded
since 2002 (Global Biodiversity Information Facility (GBIF), 2020).
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Table 1. Performance metrics of logistic regression models for predicting the presence of skipjack tuna
(Katsuwonus pelamis) in the years 2002 to 2013.

Ju e 235l slaesls AUC Jae O ga31 laesls AUC Gl Cpolazt|
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Table 2. Mean importance values of environmental variables in logistic regression models for the years 2002 to 2013.
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Figure 2. Predicted spatial distribution of skipjack tuna (Katsuwonus pelamis) in the waters of the Persian Gulf
from 2002 to 2013.
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Figure 3. Expected and observed values of the F function for the predicted presence points of skipjack tuna
(Katsuwonus pelamis) in the Persian Gulf from 2002 to 2013. The gray area represents the 96% confidence
limits for the expected values of the F function.
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