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Abstract: In total, 24 replicate hauls were conducted on January-February in 2011 and September in 2012. A tailored bottom trawl with 800 meshes around the 
mouth was used with covers to retain individuals of common pandora (Pagellus erythrinus). Mortality of fish escaping through 40 mm square, 44 and 50 mm 
diamond mesh codends was investigated by collecting and monitoring the escapees from the codend covers for 7 days. We also observed possible water 
temperature effect in the escape mortality of common pandora. The escape mortality of common pandora was negligible (<5%). No significant difference was 
demonstrated in the average mortality for all test codends and controls between the winter and the summer (p>0.05). Mesh size and shape was not a significant 
factor (p>0.01) for the both seasons. 

Keywords: Escape mortality, bottom trawl, common pandora, water temperature, Aegean Sea 

Öz: Ocak-Şubat 2011 ve Eylül 2012 tarihleri arasında toplam 24 trol çekimi yapılmıştır. 800 gözlü kesimli dip trol ağından kaçan kırma mercan (Pagellus erythrinus) 
bireylerini yakalamak için örtü kullanılmıştır. 40 mm kare, 44 ve 50 mm rombik gözlü trol torbalarından kaçan bireylerin ölüm oranları 7 gün boyunca yapılan 
gözlemler ile tespit edilmiştir. Ayrıca su sıcaklığının kırma mercan ölümleri üzerine etkisi de incelenmiştir. Kırma mercan’ın ölüm oranları düşük bulunmuştur (<%5). 
Kış ve yaz mevsimleri için deneme ve kontrol gruplarında saptanan ortalama ölüm oranlarında istatistiksel olarak önemli bir fark bulunmamıştır (p>0,05). Her iki 
mevsim için de ağ göz boyutu ve şekli istatistiksel olarak önemli bir faktör değildir (p>0,01). 

Anahtar kelimeler: Kaçış mortalitesi, dip trolü, kırma mercan, su sıcaklığı, Ege Denizi

INTRODUCTION

Escape mortality, which is a component of unaccounted 
mortality, has been described as pre-catch losses occur fish 
that escaped and died later (Gilman et al., 2016). The results of 
escape mortality have been reported approximately for 40 fish 
species, particularly gadoids and flatfishes, by several 
researchers (Sangster et al., 1996; Suuronen et al., 1996; 
Suuronen, 2005; Ingólfsson et al., 2007; Düzbastılar et al., 
2010a; Düzbastılar et al., 2010b, c; Düzbastılar, 2014). 
Information of fishing gear selectivity is essential to good the 
probability of survival. However, improving the gear selectivity 
without reducing the injuries of fish escaping from the fishing 
gear is not applicable to fisheries management (Suuronen, 
2005; Guijarro and Massuti, 2006).  

Traditional Turkish demersal trawl selectivity is rather poor 

and has a considerable amount of by-catch and discards 

(Özbilgin and Tosunoğlu, 2003; Soykan et al., 2016). 

Therefore, there are many studies associated with bottom 

trawls incorporating the selectivity of trawl codends in Turkish 

fisheries (Özbilgin et al., 2007; Deval et al., 2006; Tosunoğlu et 

al., 2009). However, studies focusing on the escape mortality 

of fish escaping from the trawl codend in the Mediterranean 

Sea are scarce (Metin et al., 2004; Düzbastılar et al., 2010a, b, 

c; Düzbastılar et al., 2016). Unfortunately, a considerable 

amount of survival studies does not reflect the commercial trawl 

fishery (Suuronen, 2005). Because, there are major problems 

affecting inadequate investigations on survival rates such as 

mixed-species trawl fishery, some methodological defects (high 

mortality in control groups, sampling time, catch size etc.), and 

having extremely complicated and problematic structure (Metin 

et al., 2004; Suuronen, 2005; Düzbastılar et al., 2010a, c). A 

small number of fish species escaping from trawl codends was 

investigated (Metin et al., 2004; Düzbastılar et al. 2010a, b, c; 
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Düzbastılar, 2014; Düzbastılar et al., 2016, 2017) while more 

than 50 species were captured by trawlers in Turkish waters 

(Tosunoğlu et al., 2003).  

One of the major factors causing mortality of trawl-caught 
fish is water temperature influencing physiological activities and 
fish behaviours (Özbilgin and Wardle, 2002). However, a few 
investigations about the water temperature effect on the escape 
mortality were conducted and most of these so far have not 
reflected the commercial trawl fishery (Suuronen et al., 2005; 
Düzbastılar et al., 2010a; Düzbastılar, 2014; Düzbastılar et al., 
2017). Nevertheless, the effect of seawater temperature, which 
is a key factor affecting fish condition, swimming performance 
(Özbilgin and Wardle, 2002), spawning stage (Özbilgin et al., 
2007), healing of gear-induced wounds (Suuronen, 2005; 
Suuronen et al., 2005; Düzbastılar et al., 2015) etc., must be 
studied in order to understand its function in the escape 
mortality In this study, the escape mortality of common 
pandora, which is targeted species by commercial trawls in the 
Aegean Sea and the effect of water temperature on the 
mortality of fish escaping from trawl codends was reported. In 
addition, the condition factor of common pandora was 
calculated in order to determine the difference between the 
escapees and the season. 

MATERIALS AND METHODS 

Two experiments were conducted by R/V EGESÜF (26.8 
Loa, 405 kW) in the İzmir Bay (Aegean Sea, Turkish coast) 
during the periods 26 January–4 February 2011, and 8–16 
September 2008. A conventional bottom trawl (800 meshes) 
was used in samplings (Fig. 1A-C). Three polyethylene (PE) 
codends (40 mm square, 44 and 50 mm diamond mesh) were 
tested. A total of 24 hauls with 15 min tow duration (6 control + 
18 test cages) were performed in depths of 10-30 m for the both 
seasons, located between lat 38.38333º–38.40000º N and long 
26.78333º–26.80000º E. Sea water temperature around the 
cages were measured using a digital thermometer by divers 
three times a day. 

In total, 9 hauls (3 experiments x 3 replicates) were 
conducted for test cages for each year. For the control 
category, which were defined as open codend, the trawl codend 
was opened and fish were caught in codend cover. In the test 
hauls, a same type of cover was used to collect escapees. 
Covers (7.5 m in length and 0.8 m in radius) were made of 
knotless polyamide (PA) netting in 24 mm mesh size. At the 
end of each haul, the cover was detached from the trawl, moved 
and fixed to the sea ground (<10 m) by divers (Fig. 2). 

Control and test cages were observed by divers three times 
a day for 7 days. The mortalities were collected and the 
survivors were fed by divers using one-meter-long zipper 
mounted three different locations of the cover. All dead fish 
were transferred to the laboratory for measurement. At the end 
of the monitoring period (on day 8), survivors in all the cages 
were retrieved. The number of dead and survived fish along 
with information of their size ranges, mean, min and max 
lengths, and standard deviation (s.d.) of the size distribution are 

obtained. Total (TL) and standard lengths (SL) of dead fishes 
and survivors were measured to the nearest mm. Escape 
mortality (FE) was calculated by the equation, where nm is the 
number of mortalities, and n is the total number of escaped fish 
in a cage. 

𝐹𝐸 =  
𝑛𝑚

𝑛
 𝑥 100 

 

Figure 1. A. Bottom trawl surveys were successfully performed 
maintaining a continuous towing speed of 2.7 knots. B. Codend cover 
was attached to the codend using a thin polypropylene (PP) rope C. 
Codend cover was detached from the codend by cutting the rope very 
quickly connecting the cover and the codend by divers (Underwater 
video recordings were performed by Altan Lök) 

The underwater observations (the behaviour of the captive 
fish, trawl performance and underwater works) were recorded 
by an underwater camera (Sony PC350E with housing 
Sea&Sea) by divers in the form of video clips.  

Fulton’s condition factor (K) was calculated from the weight 
and total length of the fish using the formula of Fulton (1904) to 
determine the possible variation between months (January and 
September) on fish condition:  

𝐾 =
(𝑤𝑒𝑖𝑔ℎ𝑡 [𝑔] 𝑥 100)

𝑙𝑒𝑛𝑔𝑡ℎ 3[𝑐𝑚3]
 

The length (TL)-weight (W) relationship was estimated by 
using the equation (Ricker, 1973), where a and b are the 
coefficients calculated by the least squares method.  

𝑊 = 𝑙𝑜𝑔 𝑎 + 𝑏 𝑙𝑜𝑔 𝑇𝐿 

𝑊 = 𝑎 𝐿𝑏 

The effect of water temperature on the mortality of test 
codends (40 mm square, 44 and 50 mm diamond mesh 
codends) in length groups was tested by t-test. ANOVA was 
used to determine whether there is a significant difference 
between mortality rates of test codends. The difference 
between each of two test codends was analysed by t-test. F-
test was used to analyse the condition factor of survivors in 
different codends and seasons.   
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Figure 2: The settlement of codend covers were used as an observation cage during the experiments (Underwater video recordings were 
performed by F. Ozan Düzbastılar) 

RESULTS 

In winter 2011, 12 hauls were conducted. Mean water 

temperature was 13°C at the cage site. In test and control 

cages, red mullet (Mullus barbatus) was the most abundant 

species (931), followed by solenette (640) (Buglossidium 

luteum, Soleidae), scaldfish (514) (Arnoglossus laterna, 

Bothidae), annular seabream (442) (Diplodus annularis, 

Sparidae), common pandora (440) (Pagellus erythrinus, 

Sparidae), blotched picarel (438) (Spicara maena, 

Centracanthidae), and brown comber (397) (Serranus hepatus, 

Serranidae). In the catch composition, number of fish and 

species were differed between years.  

In summer 2012, there were 12 hauls and mean 

temperature was 25°C at the study site. In the test and control 

codends, red mullet was the most captured fish (2743), 

followed by anchovy (947) (Engraulis encrasicolus, 

Engraulidae), brown comber (840), red bandfish (668) (Cepola 

macrophthalma, Cepolidae), blotched picarel (560), black goby 

(539) (Gobius niger, Gobiidae), solenette (407), and common 

pandora (292).  

The total number of common pandora escaped from 40 mm 

square, 44 mm and 50 mm diamond mesh codends were 130, 

58 and 81 in winter, respectively (Table 1, Fig. 3). The size of 

these fish ranged between 5.6 and 13.9 cm. Escape mortality 

percentages were 1.6, 4.3, and 6.8 in the 3 square mesh 

codend cages. There was no mortality of common pandora in 

44 mm diamond mesh codends. There were only 3 dead 

common pandora individuals in cage 1 (50 mm diamond mesh 

codends), resulted in escape mortality percentage of 5.4. There 

was no difference in mortality rates between control (mean, 

5.3%4.6) and experimental groups (mean, 2%2.7) in winter 

(p>0.01). Mesh size and shape were not significant factors for 

the escape morality of common pandora in winter season 

(p>0.01). 

In summer, the total number of common pandora in 40 mm 
square, 44 mm and 50 mm diamond mesh codends cages were 
60, 37, and 71, respectively (Table 1). The sizes of fish ranged 
between 5.6 and 14.9 cm in the six cages population. There 
were 4 dead individuals in 40 mm square cages, 3 in 44 mm 
diamond cages, and 2 in 50 mm diamond cages, resulted in 
mean escape mortality percentages of 2.9, 5.9, and 3.3, 
respectively (Table 1, Fig. 4). Statistically, there was no 
difference in the escape mortality rates between control (mean, 

4.2%4.6) and test (mean, 4%6.5) cages for summer season 
(p>0.01). The escape mortality did not differ significantly 
between test categories (p>0.01). It was concluded that the 
mortality of common pandora in the test cages for two 
experiments (2011 and 2012) was negligible and the escape 
mortality was unrelated to the water temperature effect 
(p>0.05). 
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Table 1. Data of common pandora escaping from square, diamond mesh codends and open codend during winter-2011 and summer-2012 

experiments (n: total fish number; nM: number of mortalities; FE: escape mortality in percentage; s.d.: Standard deviation) 

Cages 
Cage 

no 

Winter-2011 Summer-2012 

n nM FE 
 Total length (cm)  

n nM FE 
 Total length (cm)  

 mean min max s.d.  mean min max s.d. 

40S 1 63 1 1.6 

 

    46 4 8.7 

 

    

2 23 1 4.3 9.7 5.6 13.5 1.6 9 0 0.0 9.1 5.7 13.6 2.6 

3 44 3 6.8     5 0 0.0     

                  

44D 1 28 0 0.0 

 

    15 0 0.0 

 

    

2 13 0 0.0 10.1 6.5 13.9 1.6 17 3 17.6 10.4 6.0 14.0 2.8 

3 17 0 0.0     5 0 0.0     

                  

50D 1 56 3 5.4 

 

    40 0 0.0 

 

    

2 11 0 0.0 9.8 6.5 13.3 1.4 20 2 10.0 11.4 5.6 14.9 2.7 

3 14 0 0.0     11 0 0.0     

                  

OC 1 72 0 0.0 

 

    110 4 3.6 

 

    

2 86 7 8.1 10.1 5.0 18.8 2.2 11 1 9.1 11.7 6.2 16.3 2.5 

3 13 1 7.7     3 0 0.0     

 

Figure 3: Common pandora in the codends (winter 2011): numbers of mortalities and survivors in each length class for the combined data of the 
test (40 mm square, 44 and 50 mm diamond) and open codend cages (n: number of fish) 
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Figure 4: Common pandora in the codends (summer 2012): numbers of mortalities and survivors in each length class for the combined data of 
the test (40 mm square, 44 and 50 mm diamond) and open codend cages (n: number of fish) 

The calculated LWR parameters of common pandora in the 
combined test and open codends were presented in Figure 5. 
Fulton’s condition factor (KM) for survivors in 40 mm square, 44 
and 50 mm diamond mesh codends, and open codends were 

1.22 (0.07), 1.17 (0.06), 1.21 (0.08), and 1.21 (0.14) in 
winter, 2011, respectively (Table 2). There were no significant 
differences in the mean condition factor (p>0.05) between the 
survivors placed in experimental cages and controls.  

In summer 2012, KM values in 40 mm square, 44 and 50 
mm diamond mesh codends, and open codends were 1.37 

(0.21), 1.33 (0.18), 1.38 (0.17), and 1.49 (0.21), 
respectively (Table 2). No significant difference from test and 
control cages was found (p>0.05).  

However, for the survivors in the open codend cages, there 

were significant differences for the mean calculated condition 

factor between winter (1.21) and summer (1.49) (p<0.05). In the 

3 test cages (40 mm square, 44 mm and 50 mm diamond mesh 

codends), there was significant differences in condition factor 

between winter and summer seasons (p<0.05). 

Table 2. Length-weight relationship of common pandora survivors escaping from square, diamond mesh codends and open codend during 
winter-2011 and summer-2012 experiments (a: Intercept; b: Slope of the linear regression; CF: Condition factor; KM: The mean calculated 
condition factor (Fulton’s); TLM: Mean total length-cm) 

  Winter-2011  Summer-2012 

  a  b  CF  KM  TLM  a  b  CF  KM  TLM 

Survivors  
 

 
 

 
 

 
 

     
 

 
 

 
  

 

40 mm square  0.01  2.99  1.25  1.22 0.07  9.6  0.01  3.09  1.13  
1.370.21  

9.0 

44 mm diamond  0.01  2.89  1.51  1.17 0.06  9.4  0.02  
2.93 

 
1.56 

 1.330.18  10.4 

50 mm diamond  
0.01 

 
3.03 

 
1.13 

 
1.210.08 

 9.8  0.02  
2.94 

 
1.60 

 
1.380.17  

11.6 

Open codend  
0.02 

 
2.89 

 
1.53 

 
1.210.14 

 9.8  0.02  
2.85 

 
2.14 

 
1.490.21  

11.7 
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Figure 5: Total length-weight relationship of survivors for the all test and open codend cages in winter and summer 

 

DISCUSSION 

The aims of this study were to investigate the escape 
mortality rates of common pandora for square and diamond 
mesh codends and the effect of water temperature on those 
rates. In addition, the condition factor of survivors was 
calculated to show the possible difference between the test and 
control groups and seasons. In the experiments, open codend 
was used to capture common pandora individuals in similar size 
range likewise the control groups in order to compare test 
cages.  

The escape mortality depends on many factors such as fish 
species and size, mesh size and shape, catch size and 
composition, water temperature, fishing gear properties 
(Sangster et al., 1996; Suuronen, 2005; Broadhurst et al., 2006; 
Ingólfsson et al., 2007; Düzbastılar et al., 2017). We focused 

on the effects of mesh size and shape by considering water 
temperature and condition factor, which are accounted to be 
seasonal effects, on the escape mortality for common pandora. 
Therefore, three different codends were tested to demonstrate 
the effects of mesh size and shape on the mortality of fish 
escaping from trawl codends. However, the mortality was not 
affected by mesh size and shape for both seasons. Similarly, 
some studies have reported that mesh size was not related to 
fish mortality or had less influence on the escape mortality 
(Sangster et al., 1996; Suuronen et al., 1996). The mesh shape 
has an important role for decreasing the escape mortality, 
because fish may pass more easily through square mesh 
codends than diamond mesh codends (Suuronen, 2005). In the 
experiments, we tested one square and two diamond mesh 
codends and average morality rates of 40 mm square, 44 mm 
and 50 mm diamond mesh codends were 4.2%, 0%, and 1.8%, 
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respectively in winter, 2011. Likewise, we observed low 
mortality, as 2.9, 5.9, and 3.3%, respectively, for the above 
mentioned codends respectively in summer 2012. Düzbastılar 
et al. (2010b) reported that the square mesh (40 mm) codend 
cages had a greater mean survival rate of red mullet than that 
of the diamond mesh (40 mm) codend cages.  

The average mortality rates of common pandora in the test 
cages did not differ significantly between winter (2.0%; s.e.: 
0.91) and summer (4.0%; s.e.:2.17). Similarly, control cages 
were not seriously different in winter and summer, resulting in 
average mortality rates of 5.3% and 4.2%, respectively. Low 
water temperatures may affect the behaviour of fish, which 
influences fish swimming performance and escapement of fish 
from the codends (He and Wardle, 1988; Özbilgin and Wardle, 
2002). Nevertheless, Suuronen et al. (2005) observed lower 
mortality (<3%) of Atlantic cod (Gadus morhua) at lower water 
temperatures (<10°C compared to >15°C). Higher mortalities 
(up to 75%) were determined when the observation cages were 
held at higher temperatures because of the cover-cage method 
as described by Lehtonen et al. (1998). Düzbastılar et al. (2017) 
found that mean escape mortality of mullet for all trawl hauls in 
winter (33.2%±6.51) was higher than that in summer 
(26.5%±6.19). Likewise, Düzbastılar (2014) reported higher 
mortality rates (between 61.3-95.3%) for red bandfish at higher 
seawater temperatures (<13ºC and compared to >24.9ºC). 
However, Düzbastılar et al. (2010a) found that the mortality of 
brown comber (2.2% in winter and 1.9% in summer) escaping 
from diamond mesh codends was not affected by seawater 
temperature (<13ºC and compared to >24ºC).   

Fish condition varies with fish size (Ricker, 1973) and is 

associated with age, sex, environment, water temperature, 

feeding pattern, and stress factors (Barton and Schreck, 1987; 

Brown et al., 1987; Bolger and Connolly, 1989; Carscadden 

and Frank, 2002). We used Fulton’s condition factor (KM), which 

is one of the condition indices, to determine the possible 

difference between the survivors of test and control cages and 

season. KM was calculated for 346 survivors observed in the 

test and control cages, which varied in the range between 1.17 

and 1.22 in winter 2011. In summer 2012, KM values were 

calculated for 280 survivors and ranged between 1.33 and 1.49. 

We found that the condition index, which is the one of seasonal 

factors, did not differ between the test cages and control in 

winter. Differences in KM values for summer season showed 

similar results. Fulton’s condition factor differed significantly 

from winter (mean, 1.20) to summer (mean, 1.40). Conversely, 

the results of condition factor did not affect the mortality rate 

between winter and summer. Likewise, Düzbastılar et al. (2017) 

determined that in terms of K factor, there was no significant 

difference between dead fish and survivors (p>0.01) of the 

escapees of red mullet for all the hauls in summer and winter 

seasons. In experiments, average total lengths of fish passed 

through the codend meshes were 9.9 cm (min, 5.6 cm and max, 

13.9 cm) and 10.3 cm (min, 5.6 cm and max, 14.9), in winter 

and summer respectively. The weight of fish in test cages was 

12.2 g in winter and 18.1 g in summer. Metin et al. (2013) 

reported the total lengths at first maturity of females and males 

to be 11.30 and 15.08 cm, respectively in İzmir Bay, in the 

central Aegean Sea. Although the difference at the condition 

factors between winter and summer periods was a significant, 

it was not effective on the escape mortality. This result might be 

stem from the escaped fish are smaller than its first maturity 

length.  

This study determines that codend escape mortality for 

common pandora is not related to mesh shape and size of trawl 

codend and the effect of water temperature. We concluded that 

the mortality of the species escaping from trawl codend was 

negligible although experimental conditions did not reflect the 

commercial fishing conditions. On the other hand, to develop 

our knowledge on the management strategy, the escape 

mortality investigations should be conducted for various fish 

species in addition to selectivity studies to decrease mortality 

by using selective devices, and new materials (soft and 

knotless fibres). 
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