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ABSTRACT: The impact of temperature and rainfall was analyzed on the catch of estuarine fish 
and shrimp species, including barramundi, mullet, bombay duck, silver whiting, sardinella, an-
chovy, white shrimp and grey shrimp during the period 1981 to 2006. On the whole there was no 
significant correlation found between the catch of various fish and shrimp species and temperature 
or rainfall. However, a significant negative correlation between average annual temperature and 
barramundi catch and between temperature and white shrimp catch was observed. Similarly a 
significant positive correlation between temperature and mullet catch and between rainfall and 
silver whiting catch was found. There is also a decrease in total amount of fish caught, decreasing 
from 474,665 metric tons in 1999 to 349,421 metric tons in 2006. Most recent statistics show that 
in 2009, the fish catch was around 338,773 tons while in 2008 it was 344,684 tons, showing a 
decline of 5,911 tons in just over a one-year period. Changes in temperature and rainfall altered 
the catch of some fishes as mentioned above but the other factors, such as over-fishing, pollution and 
the reduction in freshwater flow may have influenced the fish and shrimp catch. Therefore proper 
fisheries management and monitoring is required to meet the challenges of global climatic changes 
as well as other environmental issues.
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1. Introduction
Global climate change is impacting the marine and 
estuarine fish and fisheries and will continue to do 
so in the future (Roessig et al. 2004). Most of the 
investigations of the effect of climate change on 
fish stocks have been on pelagic fish species such as 
tuna, (particularly Thunnus albacares, T. thynnus and 
Katsuwonus pelamis), mackerel (Trachurus declivis and 
T. novaezelandiae) and sardines (Sardinops sagax and  
S. pilchardus) ( Klyashtorin 1998, Yanez et al. 2002, 
Loukos et al. 2003, Beare et al. 2004, Guisande et 
al. 2004, Lloret et al. 2004). The information of 
the effects of climate change on estuary dependent 

fish species is almost negligible, in spite of climate 
change also possibly affecting number of estuary 
dependent fish and shrimp species (Meynecke et al. 
2006). Therefore, in different parts of the world an 
attempt has been made to show relationship between 
freshwater runoff (rainfall) and estuary dependent 
fisheries, such as, baramundi (Lates calcarifer), mullet 
(Mugil spp.), flathead  (Platycephalus spp.), whiting 
(Sillago spp.), prawns (Family Penaeidae) and mud 
crab (Scylla serrata), (Vance et al. 1985, Gammelsrod 
1992, Loneragan & Bunn 1999, Powell et al. 2002, 
Staunton-Smith et al. 2004, and Meynecke et al. 
2006). 
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Pakistan lies in the subtropics with a coastline of 
1050 km long bordering the Arabian Sea in the 
south of the country (Figure 1). Pakistan is bestowed 
with both inland as well as marine fisheries resources. 
The marine fisheries account for about 79 percent 
of the country’s total fish catch. The marine fishing 
industry in Pakistan started in 1947, and at that 
time the entire fishing fleet was comprised of few 
boats which were non-mechanized and sail driven. 
Mechanization of boats started in 1956 and contin-
ued to grow with the passage of time. The mecha-
nized boat operation increased from 1173 boats in 
1983 to 4027 boats in 2004.  The fish production of 
Pakistan in 1947 was approximately 33,000 metric 
tons, increasing to about 280,000 metric tons in 
1983. The fish production continued to increase 
and reached a maximum of 499,195 metric tons in 
1993. After that there has been a declining trend in 
fish production, from 400,500 metric tons in 2003 
to 349,421 metric tons in 2006. 

Like other parts of the world Pakistan is also affected by 
global climate change, and its fisheries, if not affected at 
present, will presumably be affected in the long run. Ac-

cording to Pakistan’s Initial National Communication 
on Climate Change (2003) the temperature is expected 
to increase by 0.9 °C and precipitation is expected to 
increase or decrease by 3% by the year 2020. In the 
year 2050, the projected changes in temperature and 
rainfall will be double to that of 2020.  The sea level rise 
is expected to be 20 cm for 2020 and 30 cm for 2050. 
These predictions are based on the study conducted 
by Pakistan Study Team, in consultation with experts 
from the Intergovernmental Panel on Climate Change 
(IPCC), in which they formulated a set of synthetic 
scenarios consistent with scenarios generated using the 
Model for Assessment of Greenhouse Gas Induced 
Climate Change (MAGICC) software used extensively 
by the United Nations Environment Program (UNEP) 
and other UN agencies.  

The estuaries and mangrove systems serve as the 
nursery and spawning grounds for number of shrimp 
and fish species. Keeping in view the importance 
of climate effect on estuarine dependent fish and 
shrimp species, an attempt has been made to analyze 
the relationship between the two primary climatic 
parameters, temperature and rainfall, on the catch 

Figure 1. Map showing the coastline of Pakistan. Inset is a view of Indus Delta creeks and mangrove systems. 
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of some of the selected estuarine dependent fish and 
shrimp species. 

2. Material and Methods 
To study the effect of annual changes in air tempera-
ture and rainfall on the catch of commercially impor-
tant estuarine dependent fish and shrimp species, data 
from 1981 to 2006 was analyzed. The fisheries catch 
data is based on the fish catch statistics of Pakistan, 
published by Marine Fisheries Department (Anon 
1990, 1995, 2003, 2006). The air temperature and 
rainfall data of Karachi (the same temperature and 
rainfall is experienced along the coast of Pakistan) was 
provided by the Pakistan Meteorological Department, 
Government of Pakistan. The abundant groups of fish 
present in the coastal waters of Pakistan are shown 
in Table 1. The table is prepared from the available 
data on the catch of fish in Pakistan (Anon 1990, 

1995, 2003, 2006) at Karachi Fish Harbour. The 
fish and shrimp which were selected for the present 
study include barramundi, mullet, bombay duck, 
silver whiting, sardinella, anchovy, white shrimp 
and grey shrimp (their scientific name are shown in 
Table 2). The 1050 km coastline of Pakistan from 
Sir creek in south to Jiwani in the west is divisible 
into Sindh and Balochistan coast (Figure 1). The 
Sindh and Balochistan experiences almost the same 
temperature and rainfall ranges along the coastline: 

warm-hot summer (21° to 39° C) and mild winter 
(10° to 20° C) and rainfall is low, <150 mm annually. 
The creeks, mangrove systems and lagoons in Pakistan 
occupy an area of approximately 132,000 hectares 
of which 129,000 hectares belong to Indus Delta, 
Sindh (Figure 1) while the remaining to Balochistan. 
Correlation analyses (Zar, 1996) were performed in 
order to examine the relationships between the fish 
catch data and climatic parameters. 

3. Results

Abundant groups in fish catch of Pakistan
More than 40 groups of fishes are represented in the 
fish catch of Pakistan. Among these, the fishes that 
are abundant in the landings are shown in Table 1 
and included sardinellas, sharks, rays, catfish, croak-
ers, tunas, etc. 

Climatic factors
The fluctuation in air temperature during the period 
1981 to 2006 is shown in Figure 2. The lowest aver-
age temperature (25.6° C) was recorded in the year 
1984 and the highest (27.9° C) in the year 2001. The 
fluctuation in rainfall during the period from 1981 
to 2006 is shown in Figure 2. The highest rainfall 
was recorded in the year 1994 which amounted to 
481.5 mm and the lowest (0 mm) was observed 
in 1987. The average temperature has increased 
approximately by 1° C during the last 25 years as 
is evident in Table 3, while rainfall has decreased 
during the last 10 years (Table 3). 

Relationship between number of fishing vessels 
and catch
As the number of fishing vessels increased from 1981 
onwards, a sharp increase in fish catch was observed 

Fish group PERCENTAGES

1981 1986 1991 1996 2001 2006

Sardinellas 24.36 5.25 16.35 13.22 8.29 8.86

Thryssas 0 0.71 2.56 3.56 3.48 1.99

Sharks 7.87 4.86 6.54 8.71 5.76 3.06

Rays 19.33 3.49 4.34 3.94 3.94 2.54

Catfish 4.44 3.55 6.77 12.50 8.34 8.21

Mullets 0.44 0.57 1.68 4.46 2.75 2.59

Croakers 7.20 4.42 3.61 5.04 5.50 4.20

Cobia 0.61 0.23 0.25 13.58 0.72 0.55

Queenfish 2.51 1.81 2.42 4.04 3.37 2.75

Tunas 3.74 3.36 5.17 4.78 6.93 9.93

Silver whiting 0.16 0.10 0.08 0.07 0.08 0.12

Bombay  Duck 0.00 0.13 0.05 0.03 0.01 0.01

Groupers 1.43 0.72 0.90 2.48 4.17 4.12

Ribbonfish 2.16 1.14 1.02 2.29 4.07 6.72

Table 1. The abundant groups in the fish catch of Pakistan 
at interval of 5 years.

Table 2. List of estuary dependent fish and shrimp species 
selected for the study.

Common name Scientific name

Baramundi Lates calcarifer

Mullet Liza spp., Mugil spp.

Bombay Duck Harpadon nehereus

Silver Whiting Sillago sihama

Sardinella Sardinella  longiceps, Sardinella spp.

Anchovies Thryssa spp.

White shrimp Penaeus merguiensis, P. penicillatus

Grey shrimp Metapenaeus affinis
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correlation between number of fishing vessels and 
fish caught during the period 1981 to 1999 shows 
a significant positive correlation (r = 0.88; P<0.01) 
however this trend was significant but negative (r = 
-0.85; P<0.01) during 2000-2006. 

Relationship between catch and rainfall or 
temperature
Separate correlation analyses were performed to 
show the relationships between the species of fish 
and shrimp and interdependent variables tempera-
ture and rainfall (Table 4). In case of silver whiting 
annual catch and rainfall, a positive and marginally 

Figure 3. Total fish catch in Pakistan and the number of fishing vessels operating during the period from 1981 to 2006.
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Figure 2. Average annual rainfall and temperature at interval of 5 years in Karachi over the time period 1981-2006.
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Period Average Temp. °C Rainfall (mm)

1981-1985 26.02 210.58

1986-1990 26.28 114.84

1991-1995 26.46 214.86

1996-2000 26.74 78.58

2001-2005 27.18 128.84

Table 3. The average temperature and rainfall during 
intervals of 5 years.

in the years 1993 and 1999. Despite the increase in 
number of fishing vessels after 1999, a downward 
trend in the fish catch was evident (Figure 3). The 
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significant correlation (r = 0.357; P<0.10, n=26) was 
found (Figure 4). However, there was no significant 
correlation between annual rainfall and the catch 
of barramundi, bombay duck, mullet, sardinella, 
anchovy, white shrimp and grey shrimp (Table 4). 

The data for annual catch of bombay duck, silver 
whiting, sardinella, anchovy, and grey shrimp 
showed no significant correlation with average an-
nual temperature (Table 4). However, there was 
significant negative correlation between average an-
nual temperature and barramundi catch (r = -0.526; 
P<0.01, n=23) (Figure 5) and positive correlation 
between average annual temperature and mullet 
catch (r = 0.493; P<0.05, n=26) (Figure 6). There 
was a marginally significant correlation between 
average annual temperature and white shrimp catch 
(Table 4 & Figure 6). 

Table 4.  Pearson correlation coefficients (r) between fish and 
shrimp catches and rainfall/temperature during the period 
1981-2006 (*P<0.10; **P<0.05; ***P<0.01).

Common name Temperature Rainfall N

Baramundi -0.526*** 0.105 23

Mullet 0.493** -0.049 26

Bombay Duck -0.063 -0.276 24

Silver Whiting -0.172 0.357* 26

Sardinella 0.242 -0.032 26

Anchovies 0.288 0.103 22

White shrimp -0.376* -0.214 26

Grey shrimp -0.315 -0.175 26

Figure 4. Rainfall versus silver whiting catch (1981-2006) along the coast of Pakistan.
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Figure 5. Temperature versus mullet and white shrimp catch (1981-2006) along the coast of Pakistan.
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4. Discussion and Conclusion
In the present study an attempt was made to analyze 
relationship between the pattern of temperature and 
rainfall and the catch of estuarine dependent fish and 
shrimp species. On the whole, there was no signifi-
cant correlation found between the catch of various 
fish and shrimp species and temperature or rainfall. 
However, a significant negative correlation between 
average annual temperature and barramundi catch 
and between temperature and white shrimp catch 
was observed. Similarly a significant positive cor-
relation between temperature and mullet catch and 
between rainfall and silver whiting catch was found. 
Changes in temperature and rainfall altered the catch 
of some fish, as mentioned above, but the other fac-
tors, such as over-fishing, pollution and reduction 
in freshwater flow may also have influenced the 
fish and shrimp catch. As the data about these fac-
tors were not available, the study has been focused 
on two climatic factors. However, this study does 
throw some light on the relation between climatic 
parameters and fish catch and provides direction for 
research on this issue in Pakistan. 

In the present study, no correlation was observed be-
tween the catch of most of the fish and shrimp species 
and rainfall; however there have been instances when 
an increase in the total fish catch was found after 
the rains, which has also been reported from other 
countries. The study of wild capture data analysis 
from Queensland Australia, (Meynecke et al. 2006) 
has related the overall catch of estuarine dependent 
fish to the increase and decrease in rainfall, according 
to them the wet years produced higher catches. The 

same influence of rainfall on non-estuarine depen-
dent species, mackerel and tuna has been reported 
respectively by Yanez et al. (2002) and Lehodey et al. 
(2003). The significant positive relationship between 
annual catch and total rainfall (or freshwater runoff) 
in the same year or previous year has been reported 
by Vance et al. (1985), Gammelsrod (1992), Chen et 
al. (1994), Galindo-Bect et al. (2000) and Staunton-
Smith et al. (2004) . 

In the present study a significant correlation between 
average annual temperature and barramundi catch, 
mullet catch and shrimp catch was observed, as has 
been reported by Whitfield & Harrison (2003) and 
Whitfield (2005), who state that temperature has 
a major impact upon the richness and diversity of 
fish in African estuaries. Similarly in tropical coral 
reefs, the changes in fish community due to cli-
mate change effects have been reported (Parker and 
Dixon, 1998; Spalding and Jarvis, 2002). Recently 
Balston (2009) has shown that the long-term climate 
cycle may affect the life cycle stages of baramundi by 
influencing climate variables such as rainfall, stream 
flow and temperature and hence nutrient availability 
and nursery habitat suitability in Australian waters. 
Although it is expected that increasing temperature 
would not have a measurable influence on the taxa 
of the tropical and subtropical environment (Smith, 
1990) but the studies have shown that the tempera-
ture has affected the fish community.  

The fish and shrimp taken in account in the pres-
ent study are marine species, but depend in one 
way or another during their life on estuaries, creeks 

Figure 6. Temperature versus baramundi catch (1981-2003) along the coast of Pakistan.
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and mangroves, as their as breeding and nursery 
grounds. Baramundi is coastal and estuarine spe-
cies but always enter to marine environment for 
spawning. Bombay ducks are primarily marine but 
one species, Harpadon nehereus inhabits coastal 
waters and estuaries.  Most of the species of mullet 
spawn at sea and the juveniles enter the estuaries 
which serve as their nursery grounds. Silver whit-
ing is a near-shore species which penetrates the 
estuaries and remain there for long periods, and 
go to mouth of sea to spawn. Sardinella juveniles 
enter the lagoons and estuaries. Anchovies (Thryssa 
spp.) inhabit coastal waters and enter estuaries for 
growth (Jhingran and Talwar 1991). Similarly the 
white and grey shrimp spawn respectively in open 
waters and inshore coastal waters but their larvae 
drift towards the estuaries and creeks, which serve 
as their nursery grounds. The studies conducted in 
the mid-90s on the abundance of juveniles of fish 
and shrimp species in the backwater and creeks along 
the coast of Pakistan have showed the abundance of 
mullets, silver whiting, killifish, anchovies (Coilia 
spp.), anchovies (Thryssa spp.), grey shrimp and 
white shrimp. However, anchovies (Thryssa spp.) and 
grey shrimp were more abundant at Kharo Chaan 
and Jhangi Sir, the two areas comparatively with 
lower salinities. (Ahmed and Abbas 1999a, Ahmed 
and Abbas 1999b, Ahmed et al. 1999, Ayub and 
Ahmed 2002). The creeks and estuaries in Pakistan 
are now under stress due to pollution, reduction in 
freshwater flow and mangrove cutting for domestic 
use. Therefore it shows that along with temperature 
and rainfall which is influencing the catch of certain 
fish and shrimp, the deteriorate condition of the 
estuaries and creeks is another factor influencing the 
catch. Many studies have emphasized that freshwater 
inputs are vital to estuarine productivity and fish di-
versity (Whitfield 1994, Schlacher and Wooldridge 
1996, Livingston 1997).

Although this study does not show a clear relation-
ship between fish catch and temperature or rainfall, 
a decrease in total fish catch is evident, as it has 
decreased from 474,665 metric tons in 1999 to 
349,421 metric tons in 2006. Latest statistics showed 
that in 2009 the fish catch was around 338,773 tons 
while in 2008 it was 344,684 tons, showing a decline 
of 5,911 tons in just one-year (personal communica-
tion). According to Mohammad Moazzam Khan, 
Director General, Marine Fisheries Department, a 

decline of 29 per cent, or 138,534 tons over the last 
10 years is because of over-fishing and marine pollu-
tion, which wiped out some species and resulted in 
a reduction in catch of several other species (Daily 
“The News” Saturday, May 01, 2010). 

Overall in Pakistan to meet the demand of local 
consumption, increased seafood export, increase in 
fishing fleet and mechanization and modernization 
of fishing fleet in the last decade has increased the 
pressure on fish stocks. The use of harmful fishing 
nets of small mesh size by certain individuals in 
the creeks are causing destruction of marine life 
and also hindering the replenishment of stock. The 
mangroves, which are the nursery grounds of fish 
and shrimp, are also under stress due to decreasing 
availability of fresh water, scant rain and discharge 
of effluents and the cutting of mangroves. All this 
indicates an inadequate management and implemen-
tation of policies by the government. Throughout 
the world due to heavy fishing, measures have been 
implemented to save the stocks; therefore there is 
need for proper fisheries management and monitor-
ing to meet the challenges of global climatic changes 
as well as other environmental issues. In this regard  
in Pakistan a closed season is compulsory in order 
to save the shrimp and fish stocks from collapse, 
fishing in the estuaries should be prohibited as the 
fish and shrimp caught in that area are small sized, 
restricting each trawler for the amount of fish caught, 
and specification of the gear that may be employed 
for fishing. 
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