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1. Introduction
The Indus delta is recognized as home to a large

mangrove belt, which contributes to a thriving ecosystem.

There are four species of mangroves; Avicennia marina

covers 90% of the area, while Rhizophora mucronata,

Ceriops tagal, and Aegiceras corniculata cover 10% [1].

The Sindh Forest Department has planted these

mangroves, with support from environmental

organizations such as the UNDP, IUCN, and WWF-

Pakistan [2]. The mangrove belt is essential for marine

species to mate and spawn,. The River Indus' freshwater

supplies are essential to the seventh-largest mangrove

habitat on Earth and household and industrial effluents in

Karachi [1]. The river is now a salty water supply as a

result of factors issues such as damming, sea level rise,

diverted Indus Rivers, and a shortage of freshwater

imports due to the shrinking of the delta [3].

The Indus Delta, the world's fifth-largest delta, is a

naturally occurring wetland in the Arabian coastal

biogeographic area [4, 5]. It is the 6th largest delta globally,

with over 600,000 hectares of mangrove forests, shaped by the

Indus River [6]. The biggest mangroves in the world are found

in the delta, and they depend on the River Indus for fresh water

as well as Karachi City's industrial and residential trash [1].

Creeks in Sindh are essential marine resource ecosystems, both

live and inanimate [7]. Agriculture, Water, biodiversity, forests,

socioeconomic and health sectors are all impacted worldwide

by climate change [8]. The natural environment can be

changed by natural catastrophes such as earthquakes, tsunamis,

floods, cyclones, and seawater intrusion. The health of

millions of people in the region is being impacted by the

Arabian Sea's rising temperatures [9].

Global fish habitat forecasting is done using GIS systems

using sophisticated statistical methodologies, providing an

economical and efficient method for obtaining extensive data

[10]. They can visualize fish species distribution and
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combining it with oceanic and environmental data from

satellite imagery to pinpoint significant stream habitats

[11-13]. Out of the more over fifty creeks on the Sindh

Coast, seventeen were judged appropriate for a detailed

analysis.

This study aimed to evaluate fisheries resources over a

12-month period in order to determine habitats, identify

species that are present or absent, and determine the

recruitment trends of economically viable species. There

are thirteen possible study areas in the Indus Delta that

have been chosen for investigation based on prior

experience, availability, and available resources. The

extent and accessibility of a number of streams have been

assessed using satellite imagery. The study area in

different creeks is shown in Figure-1 [14, 15].

2. Mater ial and methods
The study examines environmental changes in habitat

over 22 years from 1992 to 2014 using image

classification to study each creek separately. High tide levels

are mapped using Google Earth's digitized high water lines,

and sample stations are marked with GPS waypoints to

identify main channel areas. Creeks are vectorized using

Google Earth's polygon feature, with values in feet, miles, and

decimal degrees. Bands for Landsat 1992 and 2014 were

chosen to enhance satellite dataset visualization. A simple

raster-based bright and contrast operation was employed to

improve images. The land-cover and land-use of certain

streams determine the number of classes. Buffers are made

along each mile of river/water body, with slopes set using

ArcMap 10.1 for r = 0.7 km from the creek boundary. The

bands for Landsat 1992 and 2014 were set to improve

visualization in the satellite datasets. Images are divided into

100 classes by an unsupervised classifier, converted into eight

classes based on land-cover and land-use of specific streams.

IMG Format Donut charts depicting the calculated land-cover

and land-use classes are constructed [14, 15].

Figure 1. Study area in different creeks along Sindh coast of Pakistan.

3. Results and Discussion
3.1. Habitat classification of Issaro Creek

Figure 2A-2B displays proportion of habitat types found

in the Issaro creek during the current study. In 1992, 33%

of the area was wet mud land, followed by bare sand (3%),

thick mangroves (2%), turbid water (8%), shallow water (4%),

deep water (24%), dry mud land (15%), and mangroves (11%).

20%, the bare sand to 14%, and the dense mangrove to 6%.
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Figure 2. Land-use classification of Habitat during 1992 and 2014: (A and B) Issro Creek; (C and D) Waddi-Khuddi
Creek; (E and F ) Patiani Creek; (G and H) Mal Creek; (I and J ) Dabbo Creek; (K and L) Richhal Creek.

These habitats showed significant change in the

percentage makeup in 2014. Deep water declined to 12%,

wet mud land dropped to 18%, and dry mud land to 9%.

The shallow water has increased to 15%, the turbid water

to

3.2. Habitat classification of Waddi Khuddi Creek

Habitat classification of Waddi Khuddi Creek as a

percentage is shown in Figure 2C-2D. In 1992, 15% of

the ground was dried mud, 10% turbid water, 11%

shallow water, mangroves 7%, bare sand 3%, and dense

mangroves 2% of the total, while deep water and wet

mud land comprised 26%. These habitats have

significantly changed in 2014: with 14% dry mud land,

20% wet mud land. However, deep water rose to 27%,

thick mangrove to 4%, and murky water to 14%.

However, shallow water (11%) and bare beach (3%), as

well as mangroves (7%), remained unchanged.

3.3. Habitat classification of Patiani Creek

Figure 2E-2F demonstrates the habitat composition of

Patiani Creek as a percentage. In 1992, 25% of the area

was made up of wet mud land, 14% was dry mud land, 19%

was deep water infiltration, and 10% was each of dense and

shallow mangrove, turbid water at 12%, mangrove (7%), and

bare sand (3%). The overall composition of these habitats

changed substantially in 2014, with deep water making up

27%, dry mud land 16%, thick mangroves 15%, and

mangroves 8%. However, wet land dropped significantly to

14% and shallow water dropped to 5%, but turbid water (12%)

and bare sand (3%), however, remained same.

3.4. Habitat classification of Mal Creek

The habitat's percentage composition in Mal Creek is shown

Figure 2G-2H. In 1992, 30% of the total made up of wet mud

land, mangroves at 14%, dry mud land 18%, shallow water

(10%), deep water at 13%, turbid water (7%), thick mangrove

(6%), and bare sand (2%). In 2014, these ecosystems'

percentage composition saw a substantial shift: Wet mud land

rose to 24 percent, land covered by dry mud dropped to 17%,

bare sand decreased to 1%, deep water decreased to 0% and

mangrove stayed at 14%. However, shallow water rose to 23%,

dense mangrove to 8%, and murky water to 13%.
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Figure 3. Land-use classification of Habitat during 1992 and 2014: (A and B) Chhan Creek; (C and D) Chani Creek;
(E and F) Hajamro Creek; (G and H) Jhang River; (I and J) Khar Creek; (K and L) Khajar Creek.

Wet mud land made up 44%, dry mud land made up 28%,

deep water made up 15%, bare sand made up 8%, turbid

water made up 5%, and shallow water made up 0% in

1992.

3.5. Habitat classification of dabbo Creek

Figure 2I-2J displays the habitat composition of Dabbo

Creek as a percentage. In 1992, 29% of the area was deep

water, wet mud land (27%), dry mud lands (22%),

followed by 7% turbid water, 5% bare sand, 4% each of

mangroves and shallow water, and thick mangrove at 2%.

The percentage of these habitats changed notably in 2014,

deep water to decline to 27%, wet mud land to 26%, and

dry mud land dropped to 14%. However, turbid water

(10%), bare beach (6%), dense mangrove (3%), shallow

water (7%), and mangrove (7%) all perceived a

significant increase.

3.6. Habitat classification of Richhal Creek

The habitat composition in percentage of Richhal Creek

thick mangrove, and 2% was shallow water. In 2014, the

proportional makeup of these ecosystems underwent a

substantial change: dense mangrove increased to 5%, shallow

water to 6%, mangrove and deep water increased to 23% each.

Turbid water dropped to 4% and dry mud land dropped to 18%,

whereas, wet mud land stayed at 21%, respectively.

3.7. Habitat classification of Chhan Creek

The habitats composition in percentage of Chhan Creek is

displayed in Figure 3A-3B. About 25% of land cover was

makeup by deep sea water and wet mud land in 1992, while

turbid water accounted for 16%, dense mangroves for 10%,

dry mud land for 9%, mangroves for 7%, shallow water for 5%,

and bare sand for 3%. 2014 witnessed a substantial change in

these ecosystems' proportional makeup, deep water increased

to 40%, dry mud land rising to 20% and 6% in mangrove.

Turbid water declined to 15%, wet mud land reduced to 13%,

dense mangrove to 3%, bare sand to 2%, and shallow water to

1%.

is shown in Figure 2K-2L. In 1992, 37% of the land was 3.8 Habitat classification of Chani Creek

dry mud land, 21% was wet mud land, 16% was deep The habitat composition as a percentage for Chani Creek is 

water with mangroves, 5% was turbid water, 3% was given in Figure 3C-3D.
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Figure 4. (A,B) Land use classification of Habitat during 1992 and 2014 at Wari Creek; (C and D) Land-use cover during

1992 and 2014-Mangroves; (E and F ) Land-use cover of Sea Water; (G and H) Land-cover of Mud-land.

Significant changes occurred in the relative makeup of

these ecosystems in 2014: reduction in wet mud land to

27%, bare sand decreased to 1%, and 28% of the ground

was still dried mud. However, deep water increased to

26%, turbid water rose to 10%, shallow water fell to 4%.

Compared to 1992, there is now a new habitat with 4%

build-up land.

3.9 Habitat classification of Hajamro Creek

The habitat component % for Hajamro Creek is displayed

in Figure 3E-3F. In 1992, dry mud accounted for 27% of

the total area, while wet mud accounted for 35%, deep

water at 17%, bare sand at 12%, shallow water at 1%,

mangroves at 1%, and turbid water at 7%. In 2014, these

ecosystems' relative makeup changed significantly: deep

water made about 24%, shallow water for 3%, dry mud

land for 29%, and mangroves for 4%. The percentages of

bare sand and turbid water dropped to 6% apiece, but the

amount of wet mud land dropped dramatically to 27%.

The dense mangrove habitat that was not there in 1992

was recorded to include 1% in 2014.

3.10 Habitat classification of Jhang River

Figure 3G-3H displays the proportion of the Jhang

River's habitat. In 1992, deep water accounted for (22%), wet

mud land 21%, dry mud land (18%), mangroves and turbid

water (12%) each, agricultural land and bare sand (6%) each,

and other vegetation (3%). These ecosystems' relative

composition changed significantly in 2014: with deep water

and wet mud land seeing the largest increases, these increase

to 33% and 36%, respectively. While mangroves decreased to

1%, turbid water to 11%, and dry mud land to 13%, bare sand

stayed at 6%. The amount of land utilised for vegetation and

agriculture was not documented in 2014.

3.11 Habitat classification of Khar Creek

The habitat's % composition for Khar Creek is shown in

Figure 3I-3J. In 1992, 36% of the land was wet mud land,

followed by deep water (29%), thick mangroves (11%), dry

mud land (12%), turbid water (6%), mangroves and shallow

water (3% apiece), and 0% bare sand. 2014 saw a significant

change in these ecosystems' relative makeup. The percentage

of deep water rose to 40%, followed by dense mangroves

(12%), mangroves 5%, murky water 8%, and bare sand 3%.

Conversely, shallow water decreased to 2% and dry mud land

to 11%.
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Figure 5. (A) Percentage of Land Covers by Bare Sand during study period; (B) Summary of Land-use and Land-cover by
different Habitats Classified.
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Figure 6. Satellite images of Land-cover in different creeks during 1992 and 2014. (Source: WWF, 2015).

3.12 Habitat classification of Khajar Creek

Figure 3K-3L shows the percentage makeup of Khajar

Creek's habitat. 46% of the area was deep water in 1992,

followed by wet mud land (23%), turbid water (13%),

shallow water and dry mud land (5% each), mangroves

(4%), salty land and bare sand (2% each). In 2014, there

was a noticeable change in the percentage composition of

these ecosystems: turbid water rose to 30%, bare sand to

5%, and salty land to 3%. On the other hand, deep water

dropped to 39%, mangroves to 2% and wet mud land to

16%. Dry mud land remained steady at 5%.

3.13 Habitat classification of Wari Creek

The habitat's percentage composition for Wari Creek is shown

in Figure 4A-4B. Bare sand made up 4%, dry mud land had

18%, turbid water had 8%, wet mud land had 45%, other

vegetation had 2%, and sparse vegetation had 1% in 1992. The

proportions of these habitats changed significantly in 2014:

53% of the total were wet mud land, 14% were turbid water,

5% were bare sand, 4% were sparse vegetation, and 3% were

other vegetation. Shallow water dropped to 13% and dry mud
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land to 8%.

3.14 Mangrove cover

There are three types of mangroves: dense, dispersed,

and scattered. Thick mangroves have significantly

increased in Patiani and Issaro Creeks, with Patiani Creek

seeing a growth of 10% to 15% and Issaro Creek seeing

an increase of 2% to 6% (Fig. 4C-4D). In spite of these

modifications, the total number of mangroves increased

by 3%. Because of mangrove planting and increased

freshwater availability, the creeks on the west bank of the

Jhang River, include Patiani, Mal, Dabbo, Issaro, Waddi

Khuddi, Chann, Hajamro, Chani, and Richhal, have

stayed steady. The efforts of the Sindh Forest Department,

volunteers, and the coastal people have resulted in the

growth of mangroves in these waterways. In 2014, the

percentage of thick mangroves in Hajamro Creek

increased to 1%.

3.15 Impact of sea level rise

There are three different kinds of water habitats in the

survey area: turbid, shallow, and deep water. Over a 22-

year period, all of the creeks' water levels increase, with

the exception of Wari Creek, which has decreased by 3%.

Water levels in the smallest brook, Chani brook, have

significantly increased from 20% to 40% (Fig. 4E-4F). A

similar trend can be seen in Hajamro Creek, where deep

water levels increase from 17% to 24%. The water

channel of Chani Creek extended and became a straight

route by 2014, whereas the water channel of Hajamro

stream became a single channel with a bigger creek in

2014 as a result of the rise in water levels (Figure 6).

3.16 Mud lands

According to the study, mud soil erosion has occurred in

numerous streams as a result of climate change, with

Issaro Creek seeing the largest loss in both dry and wet

mud lands. Khajar, Hajamro, Wari, Chann Creeks,

Dabbo, Patiani, Richhal, Khar, Chani, and Mal and

Waddi Khuddi are further locations where mud lands

have decreased (Figure 4G-4H). However, in the Jhang

River, where the river narrows and bends, resulting in

water deposits of silt and sediments, the mud land area has

grown by 8%.

3.17 Bare sand

Each of the streams in the study area has a little strip of

exposed sand, which is a crucial component of their ecosystem.

During cyclones, the exposed sands surrounding stream

mouths, known as sand bars, are essential for breaking waves

in the water. At the mouths of the Patiani, Khajar, Chann,

Dabbo, Chani, Waddi Khuddi and Hajamro Creeks, there is

bare or barbed sand. The streams of Richhal, Issaro, Chani,

Wari, and Mal also include bare sand (Figure 5A).

3.18 Land-cover and usage summary for several streams

The study found that land utilisation and land cover in several

streams decreased by 33.68%, from 139,854 hectares in 1992

to 92,752 ha (Figure 5B). Thirteen different land use classes

that were found in the study area include dense mangroves,

mangroves, sparse mangroves, wet mud land, dry mud land,

turbid water, deep water, shallow water, bare sand, agricultural

land, saline land, other vegetation. The percentage of land

covered by deep and shallow waterways rose from 20.35% to

29.7%. While bare sand, dry mud land, and turbid water all

sharply rose, wet mud land fell by 25.5%. Mangrove cover

increased by 4.44%, 6.29%, and 0.11% for typical, thick, and

sparse mangroves, respectively. Buildings, other plants, and

agricultural land types were somewhat altered, nevertheless.

Figure 6 shows a GIS picture of each creek.

4. Discussion
Mangrove trees, which are vital to the Indus Delta, help adapt

to climate change and shield the local inhabitants from

cyclones and sea storms. They also serve as very efficient

locations for storing carbon [16]. The Indus River is home to

97% of Sindh's mangroves, compared to just 3% in

Baluchistan [17]. The mangrove cover in Chann Creeks has

dropped by 7%, from 10% to 3%, over the course of the study

period. This resulted from the ongoing intrusion of seawater,

which also caused mud land erosion and the loss of mangrove

cover. During the research period, Chani Creek's mangrove

and vegetative cover totally disappeared due to the continuous

inflow of seawater into the stream's broader mouth (Figure 6).
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The study demonstrates a consistent rise in mangrove

cover, with 7% of normal mangroves found in Waddi

Khuddi and Mal Creeks. In 1992, in streams west of the

Jhang River, the average mangrove cover was 16% in

Richhal, 4% in Dabbo and 1% in Hajamro. By 2014, it

increased to 23%, 7%, and 4%, and respectively.

However, from 1992 to 2014, mangrove cover decreased

from 7% to 6% in Chann Creek.

East of the Jhang River, the Wari, Khajar, and Khar

Creeks are seeing a rise in sea level as a result of a

freshwater deficit, leading to a decrease in mangrove

coverage and salty land. Despite these challenges, the

Sindh Forest Department has made significant

contributions to improving mangrove cover in the deltaic

region, with the help of WWF-Pakistan, IUCN Pakistan,

and local people [16]. In a single day, the Sindh Forest

Department planted seven hundred fifty thousand

mangrove plants near Kharo Chan, Thatta, breaking a

previous global record [18]. Wari Creek and Khajar

Creek's mangrove areas have decreased, while the Jhang

River's mangroves have seen a 11% decrease due to

agricultural operations. However, from 2005 to 2021, the

Indus Delta's mangrove forest cover has grown

significantly, thanks to local communities, non-profits,

and government agencies. Rehabilitation of mangroves is

improving residents' quality of life and regenerating fish

populations, as they are crucial for the Indus Delta's

survival and carbon storage [16].

Pakistan is experiencing similar patterns to global sea

level rise, partly due to glacier and ice melt loss. The

country faces risks of flooding and saltwater intrusion

due to its heavily populated coastal regions, particularly

Karachi. The average temperature rose by 0.60°C

between 1901 and 2000, and sea levels are predicted to

rise by 1.1 mm annually [19]. Changes in creeks like

Chann Creek, Patiani Creek, Dabbo Creek, Waddi

Khuddi Creek, and Jhang River have occurred due to

rising water levels. Some creeks, like Mal, Richhal, and

Issaro, have decreased mud and sand, making them more

susceptible to sea level rise and erosion. Higher streams like

Mal, Richhal, and Issaro also experienced similar decreases in

mud lands and rising water levels.

The study area east of the Jhang River is threatened by

seawater intrusion, endangering its freshwater supply. Water

level increases significantly in Khajar Creek and Khar Creek

(Figure 4E and 4F), with salinised land altering along Khajar

Creek increased from 0% in 1992 to 3% in 2014, complicating

fishing surveys due to strong sea waves. Of all areas studied,

only Khajar Creek has saline terrain. Intense rainfall and

floods (2010–2012) elevated water levels in Chani and

Hajamro Creeks, especially near the Jhang River. Flood

patterns are seasonal, and the delta does not consistently

benefit from irregular floodwaters [20]. Seawater corrosion

affects the mouths of multiple creeks: Dabbo, Waddi Khuddi,

Hajamro, Patiani, Chann, Khajar, and Khar [15].

Climate change has caused mud soil erosion in several streams,

with Issaro Creek experiencing the most significant loss. Other

streams, including Dabbo, Patiani, Mal, Waddi Khuddi, Khajar,

Hajamro, Wari, Chann Creeks, Richhal, Khar, and Chani, have

also experienced reductions in mud land. However, the Jhang

River has seen an 8% increase due to silt and sediment

deposits. Flash floods in the Indus Delta promote the

restoration of mangroves, aquifers, and aquatic life [21]. Each

stream in the study area has exposed sand or bare sand, which

is crucial for breaking ocean waves during storms. The 2014

built-up area near Chani Creek; particularly, jetty at Keti

Bunder may have been contributed to this erosion [15].

The Jhang River's freshwater flow limits agricultural land use

due to its dilute nature. Over the past 22 years, agricultural

land has decreased by 3%, with major losses from floods in

2010 and 2011. The ocean incursion has also significantly

impacted Sindh's cropland [22]. Industrial waste, sewage

pollution, and land reclamation have affected spawning

grounds in the Indus Creek region [23]. Mangrove swamp

degradation has led to fish loss, erosion, and coastline

alterations [24]. Human activities disrupt the food chain and

nutritional levels [25]. More freshwater reaches the Jhang

Rivers, Chani, and Hajamaro streams, where hundreds of fish
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are caught [26]. The seasonal and regional variations in

prawn species collected from the Indus delta have also

been studied [27].

The Indus river has been severely damaged by mangrove

destruction, erosion, and the use of prohibited fishing

gear [23, 28, 3]. The Khar, Khajar, and Wari creeks,

which are relatively fruitful due to strong currents and

little human activity, have a high number of fish species

[3]. However, flash floods can restore mangroves,

aquifers, and aquatic life in the delta [21]. Unpredictable

flood patterns vary from year to year, and increasing

salinizing land and declining fish yields are causing

calamities, making cultivation difficult for 1.2 million

people [29]. Cyclone Phet in 2010 and the 2004 Indian

Ocean tsunami also affected Pakistan's coastline. An

unusual water surge in 2022 raised concerns, particularly

in Karachi, highlighting the need for urgent action [15,

30].

5. Conclusion

The Indus River is home to 97% of Sindh's mangroves,

and a study shows that between 1992 and 2014, land

cover and stream usage decreased by 33.68%. Thirteen

land use classes were identified, including dense

mangrove, normal mangrove, sparse mangroves, dry

mud land, wet mud land, salty land, bare sand,

agricultural land, built-up land, vegetation, turbid water,

shallow water, deep water, and shallow water. The

percentage of land covered by deep and shallow

waterways increased from 20.35% to 29.7%. Three

categories of mangroves were identified in the study that

has been increases of 0.11%, 6.29%, and 4.44%,

respectively. Sea intrusion has led to mud soil erosion in

a number of creeks; Issaro Creek has had the greatest

loss of both dry and wet mud lands.

Data Availability statement

The data will be available upon justifiable request to the

corresponding author.

Conflicts of Interest

The authors declare that they have no conflict of interest.

Author Contributions

Muhammad Wasim Khan contributed to the investigation,

methodology, and writing of the original draft. Ghulam Abbas

was responsible for conceptualization, supervision, and review

and editing. Shahnaz Rashid and Abdul Rauf conducted the

review editing, while Hameeda Kalhoro carried out the formal

analysis and editing.

Acknowledgments

The first author acknowledges the financial support for this

creek survey from Fisheries Resource Appraisal in Pakistan

under Public Sector Development project titled “Stock

Assessment Survey Programme in EEZ of Pakistan through

Chartering Fishery Research Vessel and Capacity Building of

Marine Fisheries Department.

Funding

This research was supported by Fisheries Resource Appraisal

in Pakistan under Public Sector Development project titled

“Stock Assessment Survey Programme in EEZ of Pakistan

through Chartering Fishery Research Vessel and Capacity

Building of Marine Fisheries Department.

REFERENCES

1. GOS (2024). Mangroves. SINDH FOREST Mangroves

(sindhforests.gov.pk).

2. IUCN (2012). Pakistan: Sindh Coastal Community

Development Project- Departmental Mangrove Plantation

in Shah Bundar Creeks. 19pp.

3. Khan, M. W. and Abbas, G. (2024). Review on Fisheries

Resources and the Effect of Marine Pollution in Coastal

Waters of Pakistan. Journal of Zoology and Systematic,

2(1), 23-43.

4. WWF (2006). Indus Delta, A vanishing Ecosystem. Indus

for All Programme, WWF-Pakistan. 6p.

5. Baig, M.A., Sultan, M., Khan, M.R., Zhang, L., Kozlova,

M., Malik, N.A., and Wang, S. (2017). Wetland change

detection in protected and unprotected Indus coastal and

inland delta. The International Archives of

Photogrammetry, Remote Sensing and Spatial

Information Sciences, 42: 1495



Journal of Zoology and Systematics

www.jspae.com P
11

6. Peracha, M.A., Hussain, M., Khan, N., Ali, M.L.,

and Khan, M. (2015). Degradation of Mangroves

Ecosystem of Indus Delta. International Journal of

Scientific & Technology Research, 4(8): 106-108.

7. Khan, N. (2011). Marine resources in Pakistan: A

tentative inventory. Karachi: Pakistan Business

Review.

8. Rasul, G, A. Mahmood, A. Sadiq and Khan, S.I.

(2012). Vulnerability of the Indus Delta to Climate

Change in Pakistan. Pakistan Journal of

Meteorology, Vol. 8. Issue 16: Jan 2012. 89-107pp.

9. PMD (2012). Climate Change in Pakistan- Focused

on Sindh Province. Pakistan Meteorological

Department. Technical Report No. MD-25/2012.

10. Mirza, M., Ali, J. and Rangoonwala, A. (1988).

Marine applications of Landsat images with

particular reference to the Arabian Sea coast of

Pakistan. In: Marine Science of the Arabian Sea,

Proceedings of an International Conference,

Thompson M.F. and Tirmizi N.M. editors.

American Institute of Biological Sciences,

Washington, D.C: 309-324.

11. Valavanis, V.D., (2002). Geographic Information

Systems in oceanography and fisheries. Taylor and

Francis, London, UK. Meaden, G. J. (2000). . GIS

in fisheries management. GeoCoast , 1(1), 82-101.

12. Valavanis, V.D., Georgakarakos, S., Kapantagakis,

A., Palialexis, A. and Katara, I., (2004). A GIS

environmental modelling approach to essential fish

habitat designation. Ecological Modelling, 178,

417-427. DOI:10.1016/j.ecolmodel.2004.02.015

13. Meaden, G. J., 2000. GIS in fisheries management.

GeoCoast , 1(1), 82-101.

14. Rizvi, N. and Fanning, I. P. (2012). Creek Surveys

Operations Manual – 2012. FAO Fisheries

Resources Appraisal in Pakistan

(UTF/PAK/108/PAK), Food and Agriculture

Organization of the United Nations, Karachi, 2012.

76pp.

15. WWF (2015). Fisheries Resource Appraisal in Pakistan -

Creek Survey. 122pp.

16. WWF (2021). Despite challenges, mangrove cover is

increasing in the Indus Delta.

17. Abbas, N., Nimra, W. Habib (2021). Monitoring of

Mangrove Cover of Western Indus Delta Karachi

Pakistan. International Journal of Innovation in Science

& Technology. Vol 03, Issue 02:pp 59-66.

18. Qusat, A. (2013). By Planting 750,000 mangroves,

Pakistan claims new world record.

19. GOP (2015). Pakistan National Biodiversity And

Strategy Action Plan. Islamabad: Ministry of Climate

Change.

20. Shah, M. A. (2010). Fishermen expect great catch after

floods. Daily DAWN, September 26, 2010.

21. .Memon, N. 2015: Climate Change and Natural Disasters

in Pakistan. Tech. Rpt. Strengthening Participatory

Organization.

22. Maqbool, N. (2023). Impact of Climate Change on Water

in Pakistan. The Pakistan Development Review. 62:4

(2023). 605-616pp.

23. MINFAL (2007). National policy and strategy for

fisheries and aquaculture development in Pakistan Part 1.

Islamabad: Ministry of Food, Agriculture and Livestock,

Government of Pakistan.

24. Snedaker , S.C. and Getter, C.D. (1985). Coastal

resources management guidelines. Coastal Management

Publication No. 2, NPS/AID Series, Research Planning

Institute, Columbia, South Carolina, USA.

25. Abkenar, A.M., Yahyavi, M., Bahri A. and Jafaryan, H.

(2020). Assessment of heavy metals pollution in muscle

of sole (Cynoglossus arel), spiny lobster (Panulirus

homarus) and sediments in the northern coasts of the

Oman Sea during pre and post monsoon. Iranian Journal

of Fisheries Sciences, 19(4), 1638-1656.

26. Sarwar, F. (2015). Monitoring creek habitats of marine

fish stock in Sindh coast by using RS and GIS

Techniques. PhD Thesis, University of Karachi, Karachi,

Pakistan.



Journal of Zoology and Systematics

www.jspae.com P
12

27. Sarwar, F. and Kazmi, J. (2014). Seasonal and

Spatial Growth Patterns of Shrimps Collected from

Some Selected Creeks of Sindh, Pakistan. Journal

of Basic & Applied Sciences. 10. 366-376.

https://doi.org/10.6000/1927-5129.2014.10.48

28. FAO (2009). The state of world fisheries and

aquaculture. Rome: Food and Agriculture

Organization of the United Nations. 2009

29. .Maria, T. (2015). The slow and dangerous death of

Pakistan's Indus river delta. Quartz.

https://qz.com/india/448049/the-slow-and-

dangerous-death-of-pakistans-indus-river-delta

30. PDMA (2022): Detailed history of Cyclones in

Pakistan. Pakistan Weather Portal.

https://pakistanweatherportal.com/2011/03/31/histo

ry-of-cyclones-in-pakistan/

How to cite this article: Khan MW, Abbas G, Rashid
S, Kalhoro H, Rauf A. (2025). GIS-based classification
of habitat, land use, and land cover in several creeks
within Sindh province's Indus delta. Journal of Zoology
and Systematics, 3(1), 1–12.

https://pakistanweatherportal.com/2011/03/31/history-of-cyclones-in-pakistan/
https://pakistanweatherportal.com/2011/03/31/history-of-cyclones-in-pakistan/

	Received: 11 November  2024|Revised: 14  January

