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Abstract: Skipjack tuna supports a valuable commercial fishery in Indonesia. Skipjack tuna are
exploited in the Indian and Pacific Oceans with a variety of gear but drifting gillnets are a common
method used by Indonesian fishers. However, despite of its importance, little information on the
drifting gillnet fishery is available. This study describes a preliminary examination of the catch
and effort data from the Indonesian skipjack drifting gillnet fishery. Utilizing daily landing report
from 2010-2015, nominal catch per unit of effort (CPUE) data were calculated as kg/day at sea.
Generalized Linear Models (GLM) were used to standardize the CPUE, using year, quarter, day
at sea, and area as fixed variables. Model Goodness-of-fit and model comparison was carried out
with the Akaike Information Criteria (AIC), the pseudo coefficient of determination (R°) and model
validation with a residual analysis. The final estimation of abundance indices was calculated by
least square means (LSMeans) or Marginal Means. The results showed that days accounted for
most of the variation in CPUE, followed by year, quarter, and area. In general, there were no
noticeable trends indicative of over exploitation or population depletion suggesting a sustainable

fishery for Skipjack tuna in Indonesian waters.
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1. Introduction

Skipjack tuna (Katsuwonus pelamis), are commercially valuable and exploited by coastal
countries along the Indian and the Pacific Ocean. In Indonesia, as for other countries that target
skipjack tuna, the fishery uses purse seine, drifting gillnet, handline, troll line and pole and line.
The average catch of tunas Indonesian from 2011 to 2015 from Indian Ocean region was estimated
to be 133,092 t, where the proportion average catch was dominated by skipjack tuna (49.79%),
yellowfin tuna (26.53%), bigeye tuna (18.14%) and albacore tuna (5.53%) [1]. Catches of skipjack
from Indonesian fleets are increasing over the years, whereas a declining trend of skipjack catch
per unit effort (CPUE) was reported by the French purse seine fleets [2]. Drifting gillnets is an
important method for catching skipjack in Indonesian waters. Fishing operations involving gillnets
contribute about 35% of the reported catch from the Indian Ocean Tuna Commission (IOTC), is
not solely arises as the most important single fishing gear in terms of volume of catches but the
presence of gillnet catches shows a growing tendency compared to other fishing gear [3].

Most stock assessments currently carried out for tuna are based on fishery-dependent data
[4]. Data are gathered from the commercial fisheries and analyzedas catch per unit of effort
(CPUE, either in number or biomass). It is important to standardize CPUE data to account for
sources of variation other than abundance of the stock [5-6].

In this study we evaluate the fishing patterns of the drifting gillnet fishery in the coastal
Southern Java areas using standardized CPUE indices. By standardizing the CPUEs for skipjack,
the effects of the covariates considered are removed from the annual CPUE values, and those
standardized CPUEs can be used as annual indexes of abundance indices [4].

2. Results
2.1. Spatial distribution of the data

A total 0f4,601 catch and effort data of drifting gillnet fleets was obtained from daily landing
activity from January 2010 to December 2015. The number of successful trips was 4,486 (97.51%)
and the percentage of zero catch per trip around 2.49% (115 trips). The spatial distribution of the
effort is represented in 1x1 degree blocks with darker and lighter colors representing respectively
to areas with more and less effort in day at sea (Figure 1). For CPUE standardization, spatial/area
effects were assessed from data derived by 2x2 degree blocks (fishing grounds identified from

skipper interviews representing the traditional name of the fishing ground area: Pangandaran,
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Cimiring, Ciamis, Palabuhan Ratu, Kebumen, Gombong, Yogyakarta, Ujung Kulon, Prigi,
Pamengpeuk, and Srandil).

Fishing effort was more concentrated in area 3 near the coastal area, namely Srandil,
Kebumen, Gombong, Yogyakarta (darker color), followed by Palabuhanratu, Pangandaran,

Cimiring and Ciamis (lighter colors) and less effort occurred in the offshore area (area 4,5,6,7).

Latitude

Days at Sea (x100)

W 338
[ 264
188 . N
113 b -
kL] =

100 105 110 115 120
Longitude

Figure 1. Distribution of drifting gillnet fishery sets data used in this skipjack CPUE
standardization. The effort is represented in 1x1 degree blocks with darker and lighter
colors representing respectively to areas with more and less effort in days at sea.

2.2. CPUE data characteristics

The nominal time series of the skipjack CPUE is presented in Figure 3. In general, the series
was highly variable, with minimum CPUE in 2010 (41.3 kg/days at sea) and peaks in 2012 (208.2
kg/days at sea) and lower values in the remaining years. The percentage of fishing sets with zero
catches of skipjack was generally low (2.49%) but more frequent in 2010 than in other years.

Nominal CPUE distribution was highly skewed necessitating log-transformation (Figure 2)
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Figure 2. Nominal CPUE series (kg/Days at sea) forskipjack in the Indonesian drifting gillnet
fishery data between 2010 and 2015 (top-right). Proportion of zero catches by trips and
per year between 2010 and 2015 (bottom-right). Data are means with SE. (Top-left)
Distribution of the nominal skipjack CPUE from the gillnet data in non-transformed and
log-transformed (bottom-left) scales.

2.3. CPUE standardization
Several explanatory variables tested for the skipjack CPUE standardization were significant
sources of variation. Some interactions were also significant and were therefore included in the
final model. For the final model, factors that accounted for most of the variation were days,
followed by year, quarter, area, and then the other effects and the interactions (Table 1).
Table 1. Deviance table of the parameters used for the skipjack CPUE standardizations using a
Tweedie GLM with link=log. For each parameter the degrees of freedom (Df), the

deviance (Dev), the residual degrees of freedom (Resid Df), the residual deviance
(Resid. Dev), the F-test statistic and the significance (p-value) are shown.
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Parameter Df Dev.

Resid. Resid.

F-stat. p-value

Df Dev.

(Intercept only) 4599 19532

Year 5 31515 4594 16380  202.60 < 0,001
Quarter 3 4291 4591 15951 45.98 <0.001
GT 1 31.7 4590 15920 10.18 <0.01
Days 1 31736 4589 12746  1020.10 <0.001
Area 6 133.6 4583 12612 7.16 <0.001
Quarter:GT 3 1.9 4580 12610 0.21 0.89 NS
Quarter:Days 3 1133 4577 12497 12.14 <0.001
GT:Days 1 34 4576 12494 1.09 0.30 NS
GT:Area 4 83.2 4572 12411 6.69 <0.001

In terms of model validation, the residual analysis, including the residuals distribution along

the fitted values, the QQ plots, and the residuals histograms, it was possible to detect the presence

of some outliers. Residual analysis, (Figure 3) showed that the model was adequate with no major

outliers or trends.
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Figure 3. Residual analysis for the final skipjack CPUE standardization model for Gillnet data
between 2010 and 2015. Plots presented include the histogram of the distribution of the
residuals (right), the QQPlot (middle) and the residuals along the fitted values on the

log scale (left).

The final nominal and standardized skipjack CPUE index (kg/Days at sea) for the drifting

gillnet fishery are shown in Figure 4 and Table 2. The trends were similar to the nominal series,
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but with smoother peaks in 2012. In general, there were no noticeable trends, with the series

varying along the period.
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Figure 4. Scaled standardized CPUE series for skipjack from drifting gillnet data using a tweedie
model, between 2010 and 2015. The solid lines refer to the standardized index with the
95% confidence intervals, and the dots represent the nominal CPUE series. Both series
are scaled by their means.

Table 2. Nominal and standardized CPUEs (kg/Days at sea) for skipjack from the Indonesian
drifting gillnet fishery. The point estimates, 95% confidence intervals of the
standardized index are presented, as well as the nominal CPUE values.

Nominal Standardized CPUE index (kg/Days at sea)
Year CPUE
Stdz CPUE Lower CI (25%) Upper CI (95%)
2010 41.29 27.94 0.21 0.57
2011 160.08 108.72 0.83 2.20
2012 208.21 122.29 0.93 2.47
2013 116.1 57.84 0.44 1.17
2014 58.99 59.90 046 1.21
2015 137.49 106.41 0.82 2.14

3. DISCUSSION
Skipjack is the main target species for the drifting gillnet fishery in Cilacap, and thus the
number of zero catch per set was very small (2.49%). It is also a statement that this gear is effective

in term of catching this particular species. For data where the number of zero catches per set is
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small, models with a gamma distribution are generally suitable [7]. Tweedie model is usually use
for dataset which contain a lot of zeros [8-9], but actually it can be used for modelling the dataset
with numerous kind of distribution. This is possible because tweedie model have wide range of
distribution (usually written as p), from normal, poisson, gamma and inverse gaussian [10].

Variable including days, year, quarter, area (FMA 573) as well as 2°x2° degree blocks
(Southerm of Java coastal region) were shown to have a significant effect on skipjack catch rates.
The interaction between the quarter and days reflects the observed concentration of fishing effort
in area 3 (Srandil, Kebumen, Gombong, Yogyakarta). The drifting gillnet fleets operating from
Cilacap have a similar spatial distribution throughout the year [11]. Furthermore, they revealed
that since 2010 drifting gillnets operated mostly in inshore waters because purse seiner fleets
deploy FADs in traditional gillnet fishing grounds located offshore.

The final model showed that days is an important source of variation in skipjack CPUE.
Usually, trip duration is 10-15 days with effective days 8-12 for fleets without refrigeration. More
recently, vessels with refrigeration can extend fishing days to 30-45 days/trip [12]. Changes in
fishing patterns can also occur when targeting other species such as bigeye and yellowfin tuna
particularly during July-August [13]. The low skipjack catches recorded in 2010 were similar to
the low catches of shark at the same period, although overfishing may be a factor, low catches are
more likely to reflect a substantial reduction in effort because of a 33% increase in fuel prices.
The fuel-price increase, a consequence of the partial elimination of fuel subsidies by the
government, resulted in many tuna fishing companies reducing fishing operations in 2010 [14].

Based on final analysis skipjack CPUE index drifting gillnet fishery showed stable pattern,
it's mean skipjack tuna stock is not in the threatened condition, but the reported decreasing catch
in recent years should be an early warning for this fishery [15]. Although the results here presented
should be considered preliminary, this study provides preliminary insights into the relationship
between catch rates of skipjack and related fishing patterns. Such information will be important in

future management of this important fishery.

4. Materials and Methods
4.1. Study area
The Area of study is located in the southern part of Java waters of eastern Indian Ocean

between 7° - 11 © S and 105 ° E - 113 ° E and located in fisheries management area 573 southern
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of Java coastal region (Figure 5). The fishing ground area is noted on the form that records fishing
vessel production at fishery port/fish landing site. The form used to records all landed catches
(usually called SL3 form) based on date of landing, fishing gear, ship size, ship category; capture
or carrier, trip duration, number of crew, as well as the area of fishing operations) collected by
officer of Cilacap Ocean Fishing Port (OFP). The fishing ground area of drifting gillnet sets was
classified into several categories (according to the geographical position by name of city in
southern Java coastal area, e.g; Pangandaran, Palabuhan Ratu, Yogyakarta). Furthermore, the
drifting gillnet sets were also classified into 7 different area definitions (2x2 degree blocks) for use

in the skipjack CPUE standardization model (Figure 6).

o _‘Q \\.Nf\a\ai
| ———

1 2 HKWC@J
» —

4 5 6 7
o |
o |
2 T T T T T T

105°E 107°E 109°E 111°E 113°E 115°E

Figure 6. Fishing ground area of drifting gillnet fishery in 2x2 degree blocks.

4.2. Fishery data

Fishers are required to record all landed catches including date of landing, fishing gear,
ship size, ship category; capture or carrier, trip duration, and number of crew. These data are
collected by officers of the Cilacap Ocean Fishing Port (OFP). The unit of effort drifting gillnet
fleets “days at sea”, while catches are in weight (kg). A total of 4,601 catch and effort data of
drifting gillnet fleets were obtained from daily landing activity from January 2010 to December
2015. The number of successful trips was 4,486 (97.51%) and the percentage of zero catch per trip
around 2.49% (115 trips).

4.3. CPUE standardization
Effort was defined as the days at sea (including the time spent to the fishing ground and
back). For CPUE standardization, the response variable was catch per unit of effort (CPUE),
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measured as weight (kg) per days at sea (days). The standardized CPUEs were estimated with
Generalized Linear Models (GLMs).

For this model, the nominal CPUE was used directly in the response variable given this
specific characteristic of the distribution. The covariates considered and tested in the models were:

* Year: analyzed between 2010 and 2015;

* Quarter of the year: 4 categories: 1 = January to March, 2 = April to June, 3 = July to
September, 4 = October to December;

* Operational characteristics of the fishery, which can be used as proxies for targeting
effects: vessel size (gross ton), day at sea (trip duration) and area fishing ground (2x2
degree blocks)

The significance of the explanatory variables in the CPUE standardization models was
assessed by likelihood ratio tests (ANOVA test) comparing each univariate model to the null
model and by analyzing the deviance explained by each covariate. Goodness-of-fit and model
comparison was carried out with the Akaike Information Criteria (AIC) and the pseudo coefficient
of determination (R?). Interactions were considered and tested, and the significant interactions
were used in the analysis. Model validation was carried out with a residual analysis. The final
estimated indices of abundance were calculated by least square means (LSMeans) or Marginal
Means. For comparison purposes these were scaled by the mean standardized CPUE in the time
series. Statistical analysis was undertaken with R Project for Statistical Computing version 3.2.0

[16], using several additional libraries [17-26].

5. Conclusion

The final model, the factors that contributed most for the deviance were the days, followed
by year, quarter, area, and then the other effects and the interactions. The trends of abundance
indices were relatively similar to the nominal series with smoother peaks. Stable pattern of the

standardized CPUE series showed that skipjack tuna stock is not in the threatened condition,
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