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Abstract

Algae play an important role in marine and fresh water environment. They are used in a variety of ways, including as
therapeutic agents and constitute one of the important natural resource. Many environmental factors such as pollution are
disrupting their richness, composition and abundance of coast seaweeds. This investigation focuses on the quantitative
community description of composition and structure of seaweed assemblages using multivariate approaches for the Sindh
cost, Pakistan, Principal Component Analysis (PCA) and Ward’s agglomerative clustering techniques were employed to analyze
the data structure. A total of 77 seaweed species were recorded of which 20% belonged to Chlorophyta, 45% to Phaeophyta and 34%
were from the phylum Rhodophyta. Jania capillacea, Codium reductum, Udotea indica,Caulerpa scalpelliformis,
Melanothamnus somaliensis, Chaetomorpha antennia, Codium iyengarii, Caulerpa racemosa, Caulerpa veravalensis and
Ulva rigida are usually abundant species in summer, while in winter season Colpomenia sinuosa, lyengaria nizamudinii,
lyengaria stellata, Lobophora variegate, Cystoseira indica, Dictyota dichotoma, Padina gymnospora, Padina pavonica
,Sargassum filifolium, Sargassum crassifolium, Dictyota divaricate, Dictyota indica, Codium iyengarii, Coelarthrum muelleri,
Champia globulifera and Gelidium folifera attain greater abundance. A group of species are usually associated with particular
habitats forming assemblages (communities). The assemblages characteristic of rocky / /sandy pools. Comprise of Caulerpa
spp., Codium spp., lyengaria spp., Cystoseira spp. and Dictyota spp., the species with sandy/rocky beaches include Sargassum
spp., Padina spp., Colpomenia sinuosa, Laurencia pinnatifida and Melanothamnus somaliensis. Muddy habitats are
commonly occupied by communities having Entomorpha flexsousa, Chaetomorpha antennia and Polysiphonia adriatica .as
the dominant species. Algal biomass was highest in February and lowest in July. Principal component analysis (PCA)
ordination configuration and the bi-plot disclosed the distribution pattern of species and their assemblages (associations) and
the relationships with habitats types. Cluster analysis effectively exposed the underlying group structure (i.e., communities or
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assemblages) and complemented the results of PCA.
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Introduction

Seaweeds serve as a vital component in maintaining
the aquatic food chain, and their absence or low abundance
in a water body indicates an aquatic imbalance. Several
chemicals are isolated from them and used as stabilisers
and stiffeners in the food, cosmetics, and biotechnology
industries (Hu et al., 2021; Singh et al., 2018; Carneiro-da-
Cunha et al., 2011). Human activity such as urbanisation,
and industrialisation, on the other hand, have disrupted the
distribution, abundance and diversity of seaweeds.

Some metal pollutants, such as nickel and zinc, are
naturally present, and their discharges into the environment
might be natural or human-caused (Kumar & Kumar,
2019). Many subsurface metal pollutants are released into
the surface environment as a result of this intense and
continuous anthropogenic disturbance, has considerably
degraded water quality.

The Sindh Coast which stretches 350 km is one of the
most fertile coasts in the world, but it is threatened by
anthropogenic disturbance and pollution. Seaweeds are
important economically, thus this natural riches should
not be lost in a developing country like Pakistan. Many
factors influence the distribution and abundance of algal
flora of coastal areas; this important life-form of plants
plays an important part in the marine environment, and
further research would help us better understand the

marine ecosystem's food chain. In view of the above, the
current study was conducted in order to improve the
conservation of seaweeds along the Sindh Coast. Many
researchers, including (Boergeson, 1915; Anand, 1940,
1943; Nizamuddin & Saifullah, 1967, 1978; Ahmed et al.,
1989; Sheikh & Shameel, 1995; Afag-Huusain &
Shameel, 1997; Nizamuddin & Gul, 2007; Ahmed et al.,
1989) have investigated the anatomy, morphology and
taxonomy of seaweeds, though algal community studies
have been scanty. Saifullah (1973) conducted quantitative
study of Seaweed communities at Buleji, Karachi and
Saifullah et al., (1984) examined the dominance diversity
relations of algal communities at Karachi coast.

The major goal of the current study is to obtain useful
and comprehensive ecological information on the
diversity and distribution of seaweed assemblages along
Pakistan's Sindh coast. In Pakistan, however, there is a
scarcity of information about the identity and diversity of
economically important seaweed species. The data and
the results obtained here can serve as a starting point for
future in depth ecological studies in this area, as well as
for managing and discovering the seaweed associations
and their controlling factors.

The focus of our study is to provide quantitative
comprehensive description regarding the diversity,
abundance and distribution of assemblages, seaweeds
along the Sindh coast of Pakistan. Multivariate techniques
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are employed to examine the species distributions,
assemblage, multilateral relations between habitats and
algal assemblages and underlying group structure inherent
in the data set. Such studies have not been conducted in the
past by the previous investigators, therefore, no detailed
information on these aspects is available for the seaweed
communities of Pakistan coast.

Material and Methods
The sampling was performed from the sites that were

less polluted and least disturbed. During the sampling
period (February 2016 - January 2017). Sampling sites and
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Fig. 1. Map shows the area of Sindh coast from where sampling was performed at different sites.
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the coastal area is shown in Fig. 1. The sites and their
description are given in Table 1. At each sampling site 25
quadrats (each of 25 X 25 cm size) were made every month
throughout the sampling period. The quadrats were placed
at every 20 meter interval The macrophyte distribution
pattern along with the zonations in the coastal area was also
keenly observed. The collection was made during low tide.
The algae were collected using hand and knife. The site
coordinates were recorded using GPS. In each month the
occurrence or absence of all the collected species was
recorded. At several locations, transect lines were setin 1m
increments. They served as a reference for lining up the
quadrats along the transect in a straight line.
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Table 1. The sampling sites with Geo morphological/ Topographical features of Sindh coast.

Site No.  Sampling sites Geo morphology/Topography
1. Chach Jaan Khan (Sujawal) Creek Area (Mangrove, muddy beach)
2. Shah Bandar (Sujawal) Creek Area (Mangrove, muddy beach)
3. K.T. Bandar (Thatta) Creek Area (Mangrove, muddy beach)
4, Manora (Karachi) Rocky area with pools and sandy beaches
5. Sandspit (Karachi) Sandy area with pools
6. Hawksbay (Karachi) Sandy coast
7. Buleji (Karachi) Rocky platforms with pools (Rocky & sandy)
8. Paradise Point (Karachi) Rocky area with pools and sandy beaches
9. Sonehra Point (Karachi) Rocky areas with sandy beaches
10. Mubarak Village (Karachi) Sandy beaches and rocky platforms
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Collection of data and samples: In order to collect
quantitative data, sites that were least polluted and
undisturbed were chosen. Three transects perpendicular
to the beach were used to visually observe the zonation
profile and algal-macrophyte distribution pattern. The
detailed visual observations on the algal flora of all sites
were continued up to 2018 though no quantitative data
were gathered beyond Jan. 2017. During low tide,
different species of macrophyte specimens were
painstakingly collected by hand and with a knife, for
specimen collection as well as biomass estimation. The
macro-algal samples (filamentous and thalloid algae)
were collected in plastic bags containing 4% formalin
solution (for herbaria collection). These were then
brought to laboratory and preserved in glass jars. The
filamentous algal specimens were observed under
trinocular microscope. whereas the macroalgae were
observed through unaided eye and photographed with the
help of digital camera (Canon 1XUS 185), The taxonomic
identification of all the collected taxa up to species level
were carried out with the help of available literature
(Anand, 1940, 1943; Abbas, 2010; Abbas & Shameel,
2009, 2011) and the Algal Herbaria at Biological
Research Centre, University of Karachi (Prof. Dr. M.
Shameel and Prof. Dr. M. Nizamuddin collection) and
Department of Botany, Federal Urdu University, Karachi.
Voucher specimens are deposited at Federal Urdu
University Herbarium. The relative frequency, density,
cover were combined to obtain importance value index
(1.V.1) (Curtis & Mcintosh, 1951). These attributes were
calculated using the methods proposed by Mueller—
Dombois & Ellenberg, (1974) and Ahmed & Shaukat,
(2012). The species having highest importance value was
regarded as the most dominant species in the stand or site
(Brown & Curtis, 1952). The algal communities were
identified using the first three or four dominant species
(having high 1VI) as suggested by Curtis & Mclntosh,
(1950, 1951). The Phytosociological attributes were
computed using a program Phyto-Tables developed by
one of us (S.S.S.).

Additionally, biomass of algae (fresh weight and dry
weights) were determined by sampling using quadrat
method, as described above for each month.

Results and Discussion

The seaweed distribution and prevalence at Sindh
coast has added significantly to the knowledge regarding
seaside environments corresponding to the geo-
morphological provisions including the presence of mud
flats, rough stony beeches to rocky surfaces with lagoons
or pools of various sizes and the associated algal flora. One
more significant element of this coast is the event of month
to month variation in the average drift levels and accretion
of silt at waterway mouths in certain areas particularly at
Buleji (Karachi), Manora (Karachi) and Paradise point
(Karachi) stations. These shoreline qualities at Sindh
impact sudden changes in dispersion of macroalgae.

1517

The sampling sites, their geomorphological/
topographical features are given in Table 1. From the
Sampling sites (Fig. 1) it is elucidated that significant
occurrence of macro algae was seen in Manora and Buleji
where 20 common species i.e., Colpomenia sinuosa,
Dictyota dichotoma, D. indica, D. hauckiana, Lobophora
variegata, S. filifolium, S. boveanum, S.tenerrimum, S.
vulgare, lyengaria nizamudinii, |. stellata, Cystoseira
indica, P.adina pavonica, P. gymnospra, Spatoglossum
variabile, S.typopodium zonale, Stokyia indica, Halymenia
porphyroides and Jania adherence were recorded as
abundant or dominant (Fig. 8). However, 14 species were
common in Sandspit, Hawksbay and Paradise point areas
including Caulerpa taxifolia, Udotea indica, Cystoseira
indica, Colpomenia sinuosa, Dictyota indica, lyengaria sp.,
Sargassum spp., Padina spp., Gelidium pusillum, Jania
adherense, Laurencia pinnatifida while Codium iyengarii
and Dictyota indica were most common in Sonehra point
and Mubarak Village, though, Enteromorpha flexsousa was
dominant in Chach Jaan Khan, Shahbandar and at K.T.
Bandar. It is noteworthy that no such studies exist that cover
the entire Sindh coast although, phycologists have focused a
lot on anatomical, morphological, and taxonomic work
along specific areas of Karachi and Sindh coast. However,
Saifullah, (1973) reported 48 species from Buleji, Karachi,
Hameed & Ahmed (1999 a,b) enumerated 85 species., from
Buleji and described various microhabitats associated with
the algae. Abbas, (2010) reported 36 species of Pheophyta
from Karachi coast, Nazim et al., (2012) recorded 58 types
of marine algae from Buleji, Karachi Sindh coast and Qari,
(2017) put forth 60 species, from Nathiagali ocean side,
Karachi. On the other hand, the current study has recorded a
total of 64 species from the entire Sindh coast which though
somewhat close to other studies but slightly lower than the
estimates of other authors considering that the record of 64
species is based on all sites. This declining pattern of algal
species richness of the Sindh coastline could be a result of
certain degree of pollution and other forms of disturbances.

Quantitative description of algal vegetation: The
importance value index (I\VVI) of seaweeds calculated for
each of the sampling sites indicated their relative
abundance. A total of 39 species occurred during the
summer season (all sites included, Tables 1, 2 and Fig. 8).
The species that occurred with highest 1\VVI were Caulerpa
racemosa, Chaetomorpha antennia, Coelarthrum muelleri,
Remarkably, Chaetomorpha antennia occurred with very
high VI (195 to 300) in sites 1, 2 and 3 respectively.
Whereas, species like Solieria robusta, Gelidium folifera
Padina pavonica generally were represented with low
importance value (Fig. 8).

In winter season (Table 3) Polysiphonia adriatica
showed the highest importance value index, followed by
Polysiphonia nizamuddinii, Sargassum tenerrimum and
Dictyota indica. While Padina gymnospora, Caulerpa
taxifolia, Spatoglossum qaiserabasii and Galaxaura
oblongata usually occurred with low importance value.
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Table 2. Importance value index (V1) of the seaweeds from the ten sites of coastal area of Sindh for summer season.
S. No. Species name 1 2 3 4 5 6 7 8 9 10
Chlorophyta

1.  Caulerpa taxifolia 0 0 0 12 6 0 12 9 6 0
2. Caulerpa racemosa 0 0 0 0 30 0 6 6 36 54
3. Caulerpa scalpelliformis 0 0 0 15 18 12
4.  Caulerpa chemnitzia 0 0 0 18 0 15 9
5. Caulerpa veravalensis 0 0 0 33 0 18 18
6. Chaetomorpha antennia 210 300 195 0 0 0 12 0 0
7. Codium iyengarii 0 0 0 45 0 12 3 75 60
8.  Codium boergesenii 0 0 0 0 0 18 0 12 0
9.  Codium indicum 0 0 0 0 9 15 12 15 0
10.  Codium reductum 0 0 0 15 0 12 9 6 6 0
11. Halimeda tuna 0 0 0 12 9 24 0
12.  Udotea indica 0 0 0 18 9 12 15 0
13. Ulvarigida 0 0 0 12 0 0 12 9 18 12
14.  Ulva fasciata 0 0 0 2r 15 15 12 15 12 54
15.  Valoniopsis pachynema 0 0 0 6 3 0 0 0 0 0
Phaeophyta
16.  Colpomenia sinuosa 0 0 0 0 0 6 6 0 0 0
17. Dictyota indica 0 0 0 0 15 9 3 0 0 0
18.  lyengaria nizamudinii 0 0 0 0 12 0 15 0 0
19. lyengaria stellata 0 0 0 0 27 9 6 0 0
20. Padina pavonica 0 0 0 0 0 0 6 0 0
21. Padina tetrastromatica 0 0 0 6 27 9 0 0 0
22.  Sargassum filifolium 0 0 0 0 27 9 0 0 0
23.  Sargassum tenerrimum 0 0 0 0 21 0 0 12 24
24.  Spatoglossum variabile 0 0 0 6 0 9 0 0 0
25.  Stoechospermum marginatum 0 0 0 0 15 15 6 9 0 0
26.  Polysiphonia nizamuddinii 27 0 0 6 0 0 0 12 0 0
27. Polysiphonia adriatica 63 0 105 0 0 0 0 0 0 33
Rhodophyta
28.  Ceramium manorense 0 0 0 12 6 0 0 0 0
29. Champia globulifera 0 0 0 9 9 0 0 0 0
30. Coelarthrum muelleri 0 0 0 6 21 6 18 0 0
31. Gelidium folifera 0 0 0 18 0 9 0 9 0 0
32.  Gelidium pusillum 0 0 0 0 18 15 15 15 27
33.  Geladium usmanghanii 0 0 0 15 0 12 9 0 0
34.  Hypnea musciformis 0 0 0 9 15 0 15 36 12
35. Jania adherense 0 0 0 9 0 12 9 12
36. Jania capillacea 0 0 0 15 6 18 15
37. Laurencia obtusa 0 0 0 21 0 18 0
38. Laurencia pinnatifida 0 0 0 24 0 12 6 12 12
39.  Melanothamnus somaliensis 0 0 0 12 0 15 12 15 12
40. Solieria robusta 0 0 0 0 6 0 18 0 0
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Table 3. Importance value index of seaweeds from the ten sites of coastal areas of Sindh for winter season.
S. No. Species name 1 2 3 4 5 6 7 8 9 10
Chlorophyta
1. Caulerpa faridii 0 0 0 9 0 0 9 0 0 0
2. Caulerpa Scaliformis 0 0 0 6 6 0 0 0 0 9
3. Caulerpa taxifolia 0 0 0 3 0 0 0 0 3 0
4. Caulerpa racemosa 0 0 0 0 0 0 3 0 12 16.59
5. Caulerpa chemnitzia 0 0 0 0 0 0 4.2 0 0 0
6. Caulerpa veravalensis 0 0 0 0 0 0 4.8 0 0 0
7. Codium iyengarii 0 0 0 3 0 0 3 9.51 27 33
8. Codium latum 0 0 0 6 0 0 0 9 0 0
9. Entomorpha flexsousa 120 300 189 0 0 0 0 0 0 0
10.  Halimeda tuna 0 0 0 6 0 0 3 6 0 0
11.  Valoniopsis pachynema 0 0 0 9 0 3 1.2 45 0 6
12.  Udotea indica 0 0 0 3 0 0 6 6.6 6 21
13.  Ulva fasciata 0 0 0 7.95 0 0 3 0 0 0
Phaeophyta
14.  Colpomenia sinuosa 0 0 0 6.06 0 0 9 12.84 0 0
15.  Cystoseira indica 0 0 0 7.35 0 6.75 9 9 3 0
16.  Dictyota dichotoma 0 0 0 9.63 0 1.44 9 3 0 0
17.  Dictyota divaricata 0 0 0 6 6 9 3 0 0 0
18.  Dictyota flabellata 0 0 0 0 18 3 3 0 0 0
19. Dictyota hauckiana 0 0 0 6 0 0 3 0 0 0
20. Dictyota indica 0 0 0 11.01 12,63 21.42 6 0 18 24
21.  Dictyopteris divaricata 0 0 0 3 0 6 45 0 0 0
22.  Dictyopteris polypodiodes 0 0 0 0 3 0 5.4 0 0 0
23.  Dilophus alternans 0 0 0 0 3 0 3 0 0 0
24.  lyengaria nizamudinii 0 0 0 6 9 15 5.79 24 0 0
25.  lyengaria stellata 0 0 0 20.07 15 18 17.01 7.11 6 0
26.  Jolyna laminarioides 0 0 0 0 0 0 18 0 0 0
27.  Lobophora variegata 0 0 0 10.71 0 9 12 12.6 0 0
28.  Padina afaghussainii 0 0 0 0 27 9 0 0 0 0
29.  Padina antillarum 0 0 0 0 0 0 3 0 0 0
30.  Padina gymnospora 0 0 0 14.85 9 5.7 3 0 0 24
31.  Padina pavonica 0 0 0 1.89 0 6 9 0 0 0
32.  Padina nizamudinii 0 0 0 0 0 3 3 0 0 0
33.  Padina tetrastromatica 0 0 0 0 0 18 6 0 0 0
34.  Polysiphonia nizamuddinii 66 0 27 6 0 0 0 12 0 0
35.  Polysiphonia adriatica 114 0 84 0 0 0 0 0 0 33
36.  Sargassum boveanum 0 0 0 12 36 6.12 9 0 18 0
37.  Sargassum crassifolium 0 0 0 9 18 24 6 0 0 0
38.  Sargassum filifolium 0 0 0 6 17.19 21 3 0 15 12
39.  Sargassum tenerrimum 0 0 0 0 24 39 6 6 0 0
40.  Sargassum vulgare 0 0 0 3 15 10.95 3 0 21 4272
41.  Spatoglossum gaiserabasii 0 0 0 6 0 0 3 0 0 0
42.  Spatoglossum shameelii 0 0 0 3 0 12 3 0 0 0
43.  Spatoglossum variabile 0 0 0 9 18 0 6 0 0 0
44.  Stoechospermum marginatum 0 0 0 6 0 14.01 0 9.75 0 0
45.  Stokyia indica 0 0 0 9 6 0 0 0 8.46 0
46.  Stypopodium zonale 0 0 0 10.8 6 8.7 6 0 0 0
Rhodophyta
47.  Acanthophora spicifera 0 0 0 0 0 0 6 9 0 0
48.  Ahnfeltia plicata 0 0 0 3.75 0 0 3 12 0 0
49.  Botryocladia leptopoda 0 0 0 4.68 0 0 1.8 7.5 0 0
50.  Ceramium manorense 0 0 0 0 0 0 6 3 0 0
51.  Champia globulifera 0 0 0 0 0 0 3 6 21 15
52.  Champia plumose 0 0 0 0 0 0 1.2 3 27 9
53.  Coelarthrum muelleri 0 0 0 9 0 0 6 12 42 21
54.  Galaxaura oblongata 0 0 0 0 0 0 6 3 0 0
55.  Gelidium folifera 0 0 0 6 3 0 0 7.05 0 8.25
56.  Gracilaria verrucosa 0 0 0 0 0 0 6 19.77 0 0
57.  Halymenia porphyroides 0 0 0 3 15 8.7 10.02 9 21 0
58.  Hypnea musciformis 0 0 0 0 9 15.21 3 12 51.54 0
59.  Jania adherense 0 0 0 7.77 0 0 3 15 0 0
60. Jania capillacea 0 0 0 0 0 0 3 9.6 0 0
61. Laurencia obtusa 0 0 0 11.28 12.18 0 6.9 75 0 0
62.  Sarcodia dichotoma 0 0 0 5.4 0 6 3 135 0 25.44
63.  Sarconema furcellatum 0 0 0 7.8 6 0 6 6 0 0
64.  Scinaia filiformis 0 0 0 1.8 0 0 5.7 6.48 0 0
65.  Scinaia indica 0 0 0 3 6 0 3 11.1 0 0
66.  Solieria robusta 0 0 0 1.2 0 0 3.42 9 0 0
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Table 4. Principal component analysis (PCA) of summer season (April to October) of algal
assemblages at Sindh coast, Pakistan.

Comp. Eigenvalue % Variance Cumylatlve First four I'El'genvector Associated species
variance coefficients
0.259 Jania capillacea
0.249 Codium reductum
I 12.497 312 312 0.232 Udotea indica
0.223 Caulerpa scalpelliformis
0.339 Melanothamnus somaliensis
0.335 Codium iyengarii
. 7.154 17.9 49.1 0.316 Caulerpa racemosa
0.285 Ulva rigida
0.292 lyengaria stellata
m 5991 15.0 64.1 0.281 Stoechospermum ma_rgmatum
0.279 Caulerpa veravalensis
0.265 Dictyota indica
Table 5. Principal component analysis (PCA) of winter 2016 (November to March) of algal
assemblages at Sindh coast, Pakistan.
. . Cumulative  First four Eigenvector . .
0,
Comp. Eigen value % Variance variance % coefficients Associated species
0.210 Lobophora variegate
0.204 Cystoseira indica
I 19.905 302 302 0.196 Dictyota dichotoma
0.194 Sarconema furcellatum
0.258 Sargassum filifolium
0.236 Sargassum crassifolium
. 11272 171 473 0.227 Dictyota divaricata
0.220 Dictyota indica
0.274 Codium iyengarii
0.253 Coelarthrum muelleri
I 10.008 152 625 0.250 Champia globulifera
0.236 Gelidium folifera
Principal component analysis (PCA): Principal adriatica also available only in sampling sites 1 and 3 (Figs.

component analysis is a multivariate technique generally
employed to a) data reduction (parsimony), b) revealing
trends, c) exposing gradients if any and d) disclosing group
structure using the quantitative data i.e., estimates of
species within the communities (or sites) and exposing
vegetation-environmental relations. The data were
analyzed separately for summer and winter seasons of 2016
and are separately discussed below.

PCA ordination for summer season, 2016: The results of
principal component analysis (PCA) are given in Table 4
and Figs. 2 & 3. First, second and third principal
components explained 31.2, 17.9 and 15.0 percent of the
total variance respectively. Together the first three
components accounted for 64.1% of the total explained
variance. The first component is primarily a function of
Jania capillacea, Codium reductum, Udotea indica,
Caulerpa scalpelliformis. The second principal component
is basically controlled by Melanothamnus somaliensis,
Codium iyengarii, Caulerpa racemosa and Ulva rigida.
Whereas the third principal component is chiefly regulated
by lyengaria stellata, Stoechospermum marginatum,
Caulerpa veravalensis and Dictyota indica.

PCA ordination and Bi plot of the seaweeds: In sampling
sites 1, 2 and 3 the score plot (Fig. 3) shows Chaetomorpha
antennia is the abundant species, while Polysiphonia

2 & 3). These areas are Chach Jaan Khan (Sujawal), Shah
bandar (Sujawal) and K.T. Bandar (Thatha), and located in
the creeks with dense patches of mangroves in the area. The
muddy area provides favorable habitat for Inter-tidal
Mudskippers, mangrove forests provide shelter to the coast
from sea storm but algae need substratum to grow, therefore,
very few species were collected from these sampling points.

In sampling points 4 and 6 which are Manora and
Hawksbay, Caulerpa scalpelliformis, Codium indicum,
Codium reductum, Halimeda tuna, Udotea indica, Ulva
fasciata, Padina tetrastromatica, Coelarthrum muelleri,
Gelidium folifera, Jania capillacea, Laurencia obtusa,
Laurencia pinnatifida, Solieria robusta are abundant
species. These areas are mostly comprise of Rocky pools and
sandy beaches.

In sampling sitest number 5, 7 and 8 which are Sandspit
and Buleji comprises following common species including
Caulerpa taxifolia, Caulerpa racemosa, Caulerpa
chemnitzia, Caulerpa veravalensis, Codium iyengarii, Ulva
fasciata, lyengaria stellata, Stoechospermum marginatum,
Coelarthrum muelleri, Geladium usmanghanii, Jania
adherence, Jania capillacea and Melanothamnus
somaliensis are the common species. While following
species are only common between sampling point number 7
and 8 i.e., Caulerpa scalpelliformis, Codium reductum, Ulva
rigida, Gelidium pusillum and Laurencia pinnatifida.
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In sampling sitest 9 and 10 which are Sonehra point and
Mubarak Village, Caulerpa taxifolia, Caulerpa racemosa,
Codium iyengarii, Ulva rigida Ulva fasciata, Sargassum
tenerrimum, Gelidium pusillum, Hypnea musciformis,
Laurencia pinnatifida and Melanothamnus somaliensis are
common and abundant species and Codium boergesenii,
Codium indicum, Codium reductum, Polysiphonia adriatica
and Jania adherense are frequent species in these sampling
points, both sites represent sandy beaches.

PCA ordination for winter season, 2016: The result of
principal component analysis (PCA) are given in Table 5 and
Figs. 4 & 5. The first, second and third principal components
explain 30.2, 17.1 and 15.2 percent of the total variance.
Together the first three components explained 62.5% of the
total explained variance. The first component is primarily a
function of Lobophora variegate, Cystoseira indica,
Dictyota dichotoma, Sarconema furcellatum. The second
principal component is basically controlled by Sargassum
filifolium, Sargassum crassifolium, Dictyota divaricata and
Dictyota indica. Whereas the third principal component is
chiefly regulated by Codium iyengarii, Coelarthrum
muelleri, Champia globulifera and Gelidium folifera.

PCA ordination and Bi plot of seaweeds for winter
2016: In sampling points 1, 2 and 3 the score plot shows
Entomorpha flexsousa was the common and abundant
species (Figs. 4 & 5), while Polysiphonia nizamuddinii and
Polysiphonia adriatica also available only in sampling
point number 1 and 3. These areas are Chach Jaan Khan
(Sujawal), Shah bandar (Sujawal) and K.T.Bandar
(Thatha), and located in the creeks with dense patches of
mangroves in the area. The muddy area provides favorable
habitat for Inter-tidal Mudskippers, mangrove forests
provide shelter to the coast from sea storm but algae need
substratum to grow so very few species were collected
from these sampling points.

In sampling point 9 and 10 which are Sonehra point and
Mubarak Village, Caulerpa racemosa, Codium iyengarii,
Udotea indica, Dictyota indica and Sargassum vulgare are
common and abundant species and Caulerpa taxifolia,
lyengaria stellata, Padina gymnospora, Polysiphonia
adriatica and Halymenia porphyroides are frequent species
in these sampling points, both sites comprises sandy beach.

In sampling point number 4 and 7 which are Manora and
Buleji, Caulerpa faridii, Codium iyengarii, Halimeda tuna,
Udotea indica, Ulva fasciata, Colpomenia sinuosa,
Cystoseira indica, Dictyota dichotoma, Dictyota divaricate,
Dictyota indica, lyengaria nizamudinii, lyengaria stellata,
Padina gymnospora, Padina pavonica, Sargassum
boveanum, Sargassum crassifolium, Sargassum filifolium,
Stypopodium zonale, Ahnfeltia plicata, Coelarthrum muelleri,
Halymenia Porphyroides, Laurencia obtusa, Sarconema
furcellatum, Solieria robusta are abundant species. In these
areas mostly rocky pools and sandy beaches prevail.

In sampling sites 5 and 6 namely Sandspit and
Hawksbay the assemblages comprise of following abundant
or common species including Dictyota divaricate, Dictyota
flabellate, Dictyota indica, lyengaria nizamudinii, lyengaria
stellata, Padina afaghussainii, Padina gymnospora,
Sargassum boveanum, Sargassum crassifolium, Sargassum
filifolium, Sargassum tenerrimum, Sargassum vulgare,
Stypopodium zonale, Halymenia porphyroides, Hypnea
musciformis. These sites are also adjacent to each other,
therefore, show considerable resemblance in the flora.
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The sampling sites 8 (Paradise point) comprises of
Caulerpa faridii, Caulerpa chemnitzia, Caulerpa
veravalensis, Udotea indica, Colpomenia sinuosa, Cystoseira
indica, Dilophus alternans, lyengaria nizamudinii, lyengaria
stellata. This sites has both rocky and sandy beaches.

Characteristic species of rocky pools are Caulerpa
spp., Codium spp., lyengaria spp., Cystoseira spp. and
Dictyota spp., Those that are generally associated with
sandy beaches include Sargassum spp., Padina spp.,

Colpomenia  sinuosa, Laurencia pinnatifida and
Melanothamnus  somaliensis. Muddy habitats are
commonly occupied by Entomorpha flexsousa,

Chaetomorpha antennia and Polysiphonia adriatica.

Cluster Analysis of seaweeds for summer season: The
dendrogram resulting from Ward’s cluster analysis is
shown in Fig. 6. Six groups could be conveniently
extracted. These are characterized below:

Group 1 comprises two Sampling sites 1 and, 3 which
are Chach Jaan Khan (Sujawal) and K.T. Bandar (Thatha).
In this group Chaetomorpha antennia, Polysiphonia
adriatica are the dominat species organized into
communities (Fig. 6).

Group 2 Shah bandar (Sujawal) comprises only one
species Entomorpha flexsousa which forms pure
assemblages (populations).

Group 3 represented sampling Sites 4, 7 and 8 (Manora,
Bulei and Paradise point) 11 common species are present i.e.
Caulerpa taxifolia, Caulerpa scalpelliformis, Caulerpa
chemnitzia, Caulerpa veravalensis, Codium indicum, Codium
reductum, Ulva rigida, Ulva fasciata, Coelarthrum muelleri,
Jania capillacea, Laurencia pinnatifida they are organized
into assemblages of three or four dominants in terms of V1.

Group 4 comprises of sampling site 6 (Hawksbay) that
is composed of Caulerpa scalpelliformis, Codium indicum,
Codium reductum, Halimeda tuna, Udotea indica, Ulva
fasciata, Padina tetrastromatica, Coelarthrum muelleri,
Gelidium folifera, Jania capillacea, Laurencia obtusa,
Laurencia pinnatifida, and Solieria robusta as abundants

Group 5 Shows two sampling Sites 5 and 9 (Sandspit
and Sonehra point) comprises of nine common species
including Caulerpa taxifolia, Caulerpa racemosa, Caulerpa
veravalensis, Codium iyengarii, Ulva fasciata, Sargassum
tenerrimum, Hypnea musciformis, Jania adherence and
Melanothamnus somaliensis. They form communities with
generally chlorophytes though Sargassum tenerrimum
sometimes occurs as the first dominant.

Group 6 consists of sampling Site 10 (Mubarak
Village) whwere Caulerpa taxifolia, Caulerpa racemosa,
Codium iyengarii, Ulva rigida Ulva fasciata, Sargassum
tenerrimum, Gelidium pusillum, Hypnea musciformis,
Laurencia pinnatifida and Melanothamnus somaliensis are
the abundant species.

Cluster analysis of algae during winter season: The
dendrogram derived from cluster for the winter (2016) is
given in Fig. 7. Here again six groups (clusters) could be
conveniently recognized, their description follows:

Group 1 comprises two Sampling points 1, 3 which are
Chach Jaan Khan (Sujawal) and K.T. Bandar (Thatha). In
this group Entomorpha flexsousa, Polysiphonia
nizamuddinii, Polysiphonia adriatica are the dominants
forming a community. Group 2 Shah bandar (Sujawal)
comprises only of one species Entomorpha flexsousa
which is also common in Group 1 but this community is
better recognized as a monospecific population.
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Table 6. Showing monthly presence of seaweeds at the coast of Sindh. Numbers below the bars refer to site numbers.
Groups F M A M J J A S o N D J
Chlorophyta

Caulerpa faridii - - - - -
Caulerpa racemosa - - - - - - - - - +
Caulerpa scalpelliformis
Caulerpa taxiffolia
Caulerpa veravalensis
Chaetomorpha antennina
Codium iyengarii

Codium latum
Enteromorpha intestinalis
Halmedia tuna

Udotea indica

Ulva fasciata

Ulva rigida

Valoniopsis pachynema
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Ahnfeltia spicifera
Botryocladia leptopoda
Ceramium manorense - - - - - - + - -
Champia globulifera - - - - - - - - -
Champia plumose + - - - - - - - -
Coelarthrum muelleri - + + - - - - - -
Galaxaura oblongata - - - - - - - - -
Gelidium folifera - - - - - - - + -
Gelidium usmanghanii - - - - - - - - +
Gracilaria verrucosa
Halymenia Porphyroides
Hypnea musciformis

Jania adherens

Jania caillacea

Laurencia obtuse

Laurencia pinnatifida
Laurencia platyclada
Melanothamnus somaliensis
Sarcodia dichotoma
Sarconema furcellatum
Scinaia indica

Solieria robusta
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Colpomenia sinuosa
Colpomenia ecuticulata Parsons
Cystoseira indica

Dictyota dichotoma

Dictyota indica

Dictyota flabellata

Dictyota hauckiana

Dilophus alternans

lyengaria stellate

lyengaria nizamudinii

Jolyna laminarioides
Lobophora variegate

Padina pavonica

Padina tetrastromatica
Padina afaghusainii

Padina antillarum

Padina nizamuddinii
Sargassum boveanum
Sargassum crassifolium
Sargassum filifolium
Sargassum tenerrimum
Spatoglossum variabile
Spatoglossum qaiserabbasii
Spatoglossum shameelii
Spatoglossum asperum
Stoechospermum marginatum
Stokeyia indica

Stypopodium shameelii Nizamuddin
Stypopodium zonale
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Table 7. Monthly variation in the biomass (g/m?) of seaweeds between the months February (2016) to January
(2017) from the coast of Sindh.

Biomasses F M A M J J A S O N D J
Fresh weight (g) 175.2 163.4 115.7 66.3 7.5 6.8 132 70.6 949 1124 152.8 168.5
Dry weight (g) 464 305 284 225 2.8 2.5 4.4 236 279 304 347 39.6

Spatoglossum variabile

Colpomenia sinuosa

Cavlerpa recomosa

Fig. 8. Showing dominant species throughout the year.

Group 3 represented Sampling Sites 04 and 07
(Manora and Buleji) 37 common species are present i.e.
Caulerpa faridii, Codium iyengarii, Halimeda tuna,
Udotea indica, Ulva fasciata, Colpomenia sinuosa,

Cystoseira indica, Dictyota dichotoma, Dictyota
divaricate, Dictyota indica, lyengaria nizamudinii,
lyengaria stellata, Padina gymnospora, Padina
pavonica, Sargassum boveanum, Sargassum

crassifolium, Sargassum filifolium, Stypopodium zonale,
Ahnfeltia plicata, Coelarthrum muelleri, Halymenia
Porphyroides, Laurencia obtusa, Sarconema furcellatum,
Solieria robusta are abundant.

Group 4 comprises sampling sites number 8 (Paradise
point) comprises Caulerpa faridii, Caulerpa chemnitzia,
Caulerpa veravalensis, Udotea indica, Colpomenia
sinuosa, Cystoseira indica, Dilophus alternans, lyengaria
nizamudinii, lyengaria stellata are abundant species.

Group 5 Shows two sampling Sites 5 and 6 (Sandspit
and Hawksbay) comprises following common species
including Dictyota divaricate, Dictyota flabellate, Dictyota
indica, lyengaria nizamudinii, lyengaria stellata, Padina
afaghussainii, Padina gymnospora, Sargassum boveanum,
Sargassum crassifolium, Sargassum filifolium, Sargassum
tenerrimum, Sargassum vulgare, Stypopodium zonale,
Halymenia porphyroides, Hypnea musciformis.
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Group 6 consists of two sampling Sites 9 and 10
(Sonehra point and Mubarak Village) where the
communities are composed of Caulerpa racemosa, Codium
iyengarii, Udotea indica, Dictyota indica and Sargassum
vulgare as dominants and well organized into communities
with 3 or 4 dominants (in terms of VI criterion).

Cluster analysis complemented the results of PCA (for
both summer and winter data) even though they are
employed for achieving different objectives. Such a result
has been obtained by other workers as well (Shaukat, 1985;
Siddiqui et al 2013; see Greig-Smith, 1983; Shaukat and
Siddiqui, 2005).

Seasonal biomasses of the dominant seaweed species:
Monthly presence of seaweeds at the coast of Sindh shown
in Table 6 and the Biomasses of dominant species are given
in Tables 7, 8 and Fig. 8. In winter highest masses were
found in Colpomenia sinuosa followed by Dictyota
dichotoma, Sargassum filifolium and lyengaria stellata
while in summer highest biomass was observed for Jania
capillacea followed by Chaetomorpha antennia and
Codium reductum

Table 8. Seasonal biomass of different dominat seaweeds
species.
Seasonal biomass

Dominant species Fresh weight Dry weight
(g/m?) (gim?)

2016 (winter)

Dictyota dichotoma 462 105

Sargassum filifolium 16063 3589.49

Sargassum crassifolium 975.38 157.82

Colpomenia sinuosa 1753.86 216.67
2016 (summer)

Jania capillacea 1376.85 184.73

Codium reductum 312.56 79.47

Udotea indica 549.81 114.29

Caulerpa scalpelliformis 850.61 128.47

Discussion

The current investigation aimed to provide a
quantitative description of the algal flora, their community
structure, composition, species richness, and environmental
relations with the aid of quantitative sampling and
application of principal component analysis (PCA) and
cluster analysis (CA). The study also establishes a
comprehensive quantitative information on the distribution
pattern of marine macroalgae and the seasonal variation over
the entire Sindh coastline. Even though, some workers
including Saifullah, (1973); Saifullah et al., (1984); Hameed
& Ahmed, (1999); Begum & Khatoon, (1988); Nazim et al.,
(2012) conducted observational studies to estimate the algal
growth in different seasons of but their works were restricted
only to one locality i.e., Buleji, Karachi.

Multivariate analysis: Wards’ agglomerative clustering is
employed to extract groups or clusters on an objective basis,
avoiding personal bias in recognizing the entities. This
method is used to expose the underlying group structure and
the associated environmental variables. The groups derived
from the different types of coast and the seaweeds were
grouped that were allied with different topographic and
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edaphic conditions. The classification and ordination also
disclosed similar information pertaining to environmental
relations (Roacky, Sandy and Muddy coast) of the algal
assemblages, also exposing the inter-site variation.

Multivariate analysis of seaweed data for summer to
winter, 2016: The seasonal algal vegetation showed a
significant difference with regard to species composition,
abundance and diversity (richness). Within summer season
40 species belonging to different phylum from all over the
Sindh coast is observed whereas, cluster analysis of group
I that is composed of three stands (Chach jaan khan, Shah
bandar and keti bandar) showed only one species that is
found in abundance is Chaetomorpha antenniais. In case
of group Il consisting of two sites (Sonehra point and
Mubarak Village) observed two species in richness i.e.,
Caulerpa racemosa and Ulva fasciata. While in group 111
having two sites (Manora and Paradise point) six species
are in abundance including Codium indicum, Codium
reductum, Caulerpa taxifolia, Caulerpa Scaliformis, Ulva
fasciata, Laurencia obtusa. However, group IV comprised
of three sites (Sandspit, Hawksbay and Paradise point)
gathered seven abundant species including Ulva fasciata,
Caulerpa taxifolia, Stoechospermum marginatum, Jania
capillacea, Hypnea musciformis, Scinaia filiformis.

During winter season 66 species of algae was recorded
along the Sindh coast. Cluster analysis of group | bore only
one species in richness i.e., Entomorpha flexsousa. Group Il
showed two abundant species including Codium iyengarii
and Dictyota indica. Group Il possessed twenty species
inclusively: Colpomenia sinuosa, Dictyota dichotoma,
Dictyota indica, Dictyota hauckiana, Lobophora variegata,
Sargassum filifolium, Sargassum boveanum, Sargassum
tenerrimum, Sargassum vulgare, lyengaria nizamudinii,
lyengaria stellata, Cystoseira indica, Padina pavonica,
Padina gymnospora, Spatoglossum variabile, Stypopodium
zonale, Stokyia indica, Halymenia porphyroides, Jania
adherence. Group IV consist of fourteen species i.e.,
Caulerpa taxifolia, Udotea indica, Cystoseira indica,
Colpomenia sinuosa, Dictyota indica, lyengaria spp.,
Sargassum spp., Padina spp., Gelidium pusillum, Jania
adherense, Laurencia pinnatifida.

On comparing the both season it is observed that
highest number of species belonging to different phyla
found in winter as compare to summer season. However,
greater number of algal species belonging to Chlorophyta
were seen in summer while in winter Rhodophyta species
were in higher quantity. It is evident from Tables 7 and 8
that the greater biomass was produced in winter compared
to summer. Highest biomass was depicted by Sargassum
filiformis followed by Colpomenia sinosa. In winter.
Wheras, in summerr Jania capillacea and Caulerpa
scalpelliformis prevailed with highest biomass. The lowest
biomasses were seen in Chaetomorpha antennia and
Dictyota dichotoma. This is presumably the result of
greater photosynthetic rate. This corroborates the finding
of Albakistani et al., (2021) and Deng et al., (2021) that the
winter season favours the formation of primary assimilates
and secondary metabolites. Higher quantity of these
chemical substances photosynthetic products enhances the
growth and biomass of algae.
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Conclusion

The most species rich site was Buleji (Karachi) with
sixty species, while the least number of species were
documented from Shah Bandar (Sujawal), i.e., one species.
The species richness of seaweeds along the Sindh Coast,
their transition and regionalization design along with the
appearance of occasional varieties lead us to believe that
seaweed strength is highest from November to February and
lowest from June to August. The month of February had the
highest biomass, while the month of July had the lowest.
This information could be valuable in addressing the
effective ocean growth resources over the Sindh coastline.
The association of various seaweeds to particular habitat or
microhabitat conditions was established. The results of
cluster analysis and those and the PCA ordination exposed
the distribution pattern of species, their associations
(assemblages), and the association of seaweeds with
particular habitats and microhabitats. The results of the two
multivariate techniques complemented each other. By
providing data on the ideal growth season, habitats and
microhabitats of seaweed development, the current study
could also be useful in developing methods to cultivate
commercially some economically important seaweeds.

References

Abbas, A. 2010. Anatomical studies on the Phaeophycota of
Karachi Coast. Ph. D thesis. Department of Botany, Federal
Urdu University, 7-271.

Abbas, A. and M. Shameel. 2008. Anatomical studies on
Stoechospermum marginatum (Phaeophyta) from the coast
of Pakistan. Pak. J. Bot., 40(6): 2567-2572.

Abbas, A. and M. Shameel. 2011. Morpho-anatomical studies on
two peculiar brown algae from Karachi coast of Pakistan.
Proceed. Pak. Acad. Sci., 48: 221-232.

Afag-Husain, S. and M. Shameel. 1997. Observations on
Gelidium pusillum (Stackh.) le jolis (rhodophyta) from the
coast of Pakistan. Pak. J. Bot., 29(2): 185-190.

Ahmad, J., S.N. Ganapathy, T.O. Siddigi and M.E. Hamdard.
1989. The distribution of elements in some plant species of
the botanical kingdom. In: (Eds.): Said, M., M.A. Rahman
& L.A. D’Silva. Elements in Health and Disease. Karachi,
Hamdard University Press., pp. 143-167.

Ahmed, M, S.S. Shaukat and M.F. Siddiqui. 2011. A multivariate
analysis of the vegetation of Cedrus deodara forests in
Hindu Kush and Himalayan ranges of Pakistan: evaluating
the structure and dynamics. Turk. J. Bot., 35(4): 419-438.

Ahmed, W., Y. Wu, S. Kidwai, X. Li, T. Mahmood and J. Zhang.
2021. Do Indus Delta mangroves and Indus River contribute
to organic carbon in deltaic creeks and coastal waters
(Northwest Indian Ocean, Pakistan)? Cont. Shelf Res., 231:
104-111.

Aisha, K. and M. Shameel. 2012. Occurrence of the genus
Lobophora (Dictyophyceae, phaeophycota) in the coastal
waters of Karachi. Pak. J. Bot., 44(2): 837-840.

Albakistani, E.A., F.C. Nwosu, C. Furgason, E.S. Haupt, A.V.
Smirnova, T.J. Verbeke and P.F. Dunfield. 2021. Seasonal
dynamics of methanotrophic bacteria in a boreal oil sands
end-pit lake. Appl. Envi. Microb., 88(3): e0145521.
https://doi.org/10.1128/AEM.01455-21.

Ali, Z., M. Arshad and M. Akhtar. 2003. Biological analysis of
Makran coastal wetlands complex, Pakistan. Proceed. Pak.
Cong. Zoo., 23: 99-140.

Amini, F. 2020. Heavy Metal Concentrations in Padina
gymnospora and Padina tetrastromatica Dictyotaceae,
Ochrophyta,) and Sediments of Bushehr Coastline (Bushehr
Province, Iran). J. Phycol. Res., 4(1): 497-507.

FAHAD BASHIR ET AL.

Amstutz, A., L.B. Firth, J.I. Spicer and M.E. Hanley. 2021.
Facing up to climate change: Community composition varies
with aspect and surface temperature in the rocky inter-idal.
Mari. Env. Res., 172: 105-182.

Anand, P.L. 1940. Marine Algae from Karachi. I. Chlorophyceae.
Lahore, Punj. Uni. Bot. Pub., pp. 52.

Anand, P.L. 1943. Marine Algae from Karachi. II.
Rhodophyceae. Lahore, Punj. Uni. Bot. Pub., pp. 76.

Andersen, R.A. 1992. Diversity of eukaryotic algae. Biol. &
Conser., 1(4): 267-292.

Aslam, S., H. Dekker, G. Siddiqui, J. Mustaquim and S.H.J.
Kazmi. 2020. Biodiversity on intertidal oyster reefs in the
Hab River mouth: 35 new records from Pakistan. Reg. Stud.
Mar. Sci., 39(3): 101415.

Baldwin, M.F. 1991. Natural resources of Sri Lanka: conditions
and trends. Keells Business Systems Limited, Education
Center., pp. 453-461.

Banaduc, D., A. Sas, K. Cianfaglione, S. Barinova and A.
Curtean-Banaduc. 2021. The role of aquatic refuge habitats
for fish, and threats in the context of climate change and
human impact, during seasonal hydrological drought in the
Saxon Villages area (Transylvania, Romania). Atmosphere,
12(9): 1209.

Barton, E.S. 1903. List of marine algae collected by Professor
Herdman, at Ceylon, in 1902, with a note on the fructification
of Halimeda. W.A. Herdman, Report to the Government of
Ceylon on the pearl oyster fisheries in the Gulf of Manaar.
Part I. London: The Royal Society, 163-167.

Begum, M. and N. Khatoon, 1992. Phaeophyta from the coast of
Karachi. Pak. J. Bot., 20(2): 291-304.

Bhagat, K., S. Ye, C. Dai, J. Lian and M.Z. Bhayo. 2021. A
Techno-Economic Investigation of Wind Power Potential in
Coastal Belt of Sindh: Preventing Energy Crisis in Pak. J.
Elec. Engi. Tech., 16(6): 2893-2907. https://doi.org/
10.1007/s42835-021-00820-7

Boergesen, F. 1915. The marine algae of the Danish West Indies.
Part 3. Rhodophyceae. Dan. Bot. Ark., 3: 1-498.

Brown, RJ. and J.J. Curtis. 1952. The upland conifer-hardwood
communities of southern Wisconsin. Ecol. Mono., 22: 217-234.

Burney, S.M.A. and S. Barkati. 1995. Benthic dynamics of a
rocky beach macroinvertebrates 1. Diversity indices and
biomass assessment at Buleji, Karachi (Arabian Sea). Mar.
Res., 4: 53-61.

Carneiro-da-Cunha, M.G., M.A. Cerqueira, B.W. Souza, J.A.
Teixeiraand A.A. Vicente. 2011. Influence of concentration,
ionic strength and pH on zeta potential and mean
hydrodynamic diameter of edible polysaccharide solutions
envisaged for multi-nano-layered films production. Carb.
Poly., 85(3): 522-528.

Cenn, C.Y., K.L. Yeh, R. Aisah, D.J. Lee and J.S. Chang, 2011.
Cultivation, photobioreactor design and harvesting of
microalgae for biodiesel production: A critical review.
Biores. Technol., 102: 71-81

Choudhury, R. and N. Sahoo. 2021. Existence of Diverse Species
of Algae, Composition and Biological activity: A Review
along India’s Coastlines. Pharm. Rev., 15(30): 199-208.

Corredor, L., E.P. Barnhart, A.E. Parker, R. Gerlach and M.W.
Fields. 2021. Effect of temperature, nitrate concentration,
pH and bicarbonate addition on biomass and lipid
accumulation in the sporulating green alga PW95. Algal
Res., 53: 102148.

Cottam, G. and J.T. Curtis. 1956. The use of distance measures in
phytosociological sampling. Ecol., 37(3): 451-460.

Cox, E.J. 1990. Studies on the algae of a small softwater stream
11. Algal standing crop (measured by chlorophyll-a) on soft
and hard substrata. Archiv fiir Hydrobiologie/Supplement
(Monographische Beitrage), 83(4): 553-566.


https://doi.org/
https://ui.adsabs.harvard.edu/link_gateway/2021JEET...16.2893B/doi:10.1007/s42835-021-00820-7

MULTIVAIATE ANALYSIS OF MARINE ALGAL ASSEMBLAGES

Curtis, J.T. and P.R. McIntosh. 1950. The interrelation of certain
analytic and synthetic phytosociological characters. Ecol.,
31: 434-455.

Curtis, J.T. and P.R. Mclntosh. 1951. Upland forest continuum
in the prairie-forest border region of Wisconsin. Ecol., 32:
476-496.

Dadolahi, S.A., M. Saghily and N. Khivar. 2011. Metal (Ni, Cd,
Pb and Cu) concentrations in seaweed and sediments along
the coastal areas of Hormuzgan province (Bandar Abbas and
Bandar Lengeh). Iran Sci. Fisher. J., 20(1): 74: 31-42.

Dave, N., V. Thivaharan, S.S. Ram, S.G. Balendu, S. Raja and V.
Ramesh. 2021. Evaluation of seasonal variation and the
optimization of reducing sugar extraction from Ulva
prolifera biomass using thermochemical method. Env. Sci.
Pollut. Res. Int., 28(42): 58857-58871. https://doi.org/
10.1007/s11356-021-12609-2.

Deng, Z., Q. He, C. Chassagne and Z.B. Wang. 2021. Seasonal
variation of floc population influenced by the presence of
algae in the Changjiang (Yangtze River) Estuary. Mar.
Geol., 440: 106600.

Drinkwater, K.F., N. Harada, S. Nishino, M. Chierici, S.L.
Danielson, R.B. Ingvaldsen and J.E. Stiansen. 2021.
Possible future scenarios for two major arctic gateways
connecting subarctic and arctic marine systems: |. Climate
and physical-chemical oceanography. ICES J. Mar. Sci.,
78(9): 3046-3065.

El Agawany, N., M. Kaamoush, A. El-Zeiny and M. Ahmed.
2021. Effect of heavy metals on protein content of marine
unicellular green alga Dunaliella tertiolecta. Env. Monitor.
Assess., 193(9): 1-14.

Ganesan, A.R., U. Tiwari and G. Rajauria. 2019. Seaweed
nutraceuticals and their therapeutic role in disease
prevention. Food Sci. Human Wellness., 8: 252-263.

Greig-Smith, P. 1983. Quantitative Plant Ecology. Third edition,
Blackwell Scientific Publication, Oxford, London, U.K.

Grime, J.P. 1977. Evidence for the existence of three primary
strategies in plants and its relevance to ecological and
evolutionary theory. The Amer. Nat., 111(982): 1169-1194.

Halima, N.B. 2019. Recent developments in plant biotechnology:
Progress in Lipidomics and Proteomics. Cambridge
Scholars Publishing., 345-368.

Hamdy, A.A. 2000. Biosorption of heavy metals by marine algae.
Curr. Microbiol., 41(4): 232-238.

Hameed, S. and M. Ahmed. 1999. Distribution and seasonal
biomass of seaweeds on the Rocky shore of Buleji, Karachi,
Pakistan. Pak. J. Bot., 31(1): 199-210.

Hu, Y., K. Guangbo, W. Lina, G. Mengxue, W. Ping, Y. Dong
and H. He. 2021. Current status of mining, modification, and
application of cellulases in bioactive substance extraction.
Curr. Issue. Mol. Biol., 43(2): 687-703.

Hussain, S.B., Y. Mu, G. Abbas, R.T. Pavas, M. Mohsin, A.
Malik, M. Ali, M. Noman and M.A. Soomro. 2018. An
economic analysis of the fisheries sector of Pakistan (1950-
2017), challenges, opportunities and development strategies.
Int. J. fish. aqua. stud., 6(2): 515-524.

Ismail, M.A., M. Wagas, A. Ali, M.M. Muzzamil, U. Abid and T.
Zia. 2021. Enhanced index for water body delineation and
area calculation using Google Earth Engine: a case study of
the Manchar Lake. J. Wat. Clim. Chang., 13(2): 467-473.

Khan, T.U., A. Mannan, C.E. Hacker, S. Ahmad, A.M. Siddique,
B.U. Khan and X. Luan. 2021. Use of GIS and remote
sensing data to understand the impacts of land use/land cover
changes (LULCC) on Snow leopard (Panthera uncia)
habitat in Pakistan. Sust., 13(7): 3590.

Khattak, M.I. and M. Mohibullah. 2012. Study of heavy metal
pollution in mangrove sediments reference to marine
environment along the coastal areas of Pakistan. Pak. J. Bot.,
44(1): 373-378.

1527

Kumar, V. and P. Kumar. 2019. A review on feasibility of
phytoremediation technology for heavy metals removal.
Archiv. Agri. Environ. Sci., 4(3): 326-341.

Lobban, C.S. and P.J. Harrison. 1997. Seaweed ecology and
physiology. Cambridge: Cambridge University Press,
210-282.

Martin-Santamaria, R., J. Sanchez-Oro, S. Perez-Pelo and A.
Duarte. 2021. Strategic oscillation for the balanced
minimum sum of squares clustering problem. Inform. Sci.,
4: 332-338.

Methorst, J., K. Rehdanz, T. Mueller, B. Hansjurgens, A. Bonn
and K. Bohning-Gaese. 2021. The importance of species
diversity for human well-being in Europe. Ecol. Econ., 181:
106917.

Mueller-Dombois, D. and H. Ellenberg. 1974. Aims and methods
of vegetation ecology. Wiley, New York, 527-547.

Muhammad, D.M., M.A. Brohi and N. Ullah. 2021. The
Pakistan's Untapped Blue Economy Potential. J. Glob. Pea.
Sec. Stud., 2(1): 63-73.

Nazim, K., M. Ahmed, A. Abbas and M.U. Khan. 2012.
Quantitative description and multivariate analysis of flora
and fauna of Buleji area of Karachi coast. FUUAST J. Biol.,
2(1): 117-123.

Nizamuddin, M. and S.M. Saifullah. 1967. Studies on marine
algae of Karachi: Dictyopteris Lamouroux. Bot. Mar., 10:
61-79.

Omidi, A. and G. Noolkar-Oak. 2021. Geopolitics of Chabahar
Port for Iran, India and Afghanistan. South Asia Res.,
02627280211055981.

Ortiz-Calderon, C., H.C. Silva and D.B. Vasquez. 2017. Metal
removal by seaweed biomass. In: Biomass volume
estimation and valorization for energy., 362-380.

Paar, M., M. Berthold, R. Schumann, S. Dahlke and I. Blindow.
2021. Seasonal variation in biomass and production of the
macrophytobenthos in two lagoons in the Southern Baltic
Sea. Front., 8: 542391.

Pahari, P.R., G.C. Jana, S. Mandal, S. Maiti and T. Bhattacharya.
2021. A study on the impact of brick embankment on aquatic
entomofauna. U.P. J. Zool., 42(19): 59-68.

Pathak, S., S. Dubey, M. Sharma, P. Mishra and S.K. Mahajan.
2021. Seasonal variation on the density of seaweed species
from Veraval and Sikka coast, Gujarat. J. Entomol. Zool.,
9(1): 1510-1515.

Premarathna, A.D., A.M.C.P. Kumara, A.P. Jayasooriya, D.E.
Jayanetti, R.B. Adhikari, L. Sarvananda and S. Amarakoon.
2020. Distribution and diversity of seaweed species in south
coastal waters in Sri Lanka. J. Oceanograph. Mar. Res.,
7(S1): 196. https://doi.org/10.35248/2572-3103.20.8.196

Premarathna, A.D., T.H. Ranahewa, S.K. Wijesekera,
R.RM.KK.  Wijesundara, A.P. Jayasooriya, V.
Wijewardana and R.P.V.J. Rajapakse. 2019. Wound healing
properties of aqueous extracts of Sargassum illicifolium: An
In vitro assay. Wound Med., 24(1): 1-7.

Qari, R. and M. Shaffat. 2015. Distribution and abundance of
marine debris along the coast of Karachi (Arabian Sea),
Pakistan. Pak. J. Sci. Ind. Res. Ser. B. Biol. Sci., 58(2): 98-103.

Qari, R. and R. Qasim. 1988. Seasonal change in the standing
crop of intertidal seaweeds from the Karachi coast. In:
(Eds.): Thompson, M.F. and N.M. Tirmizi. Proc. Marine
Science of the Arabian Sea. American Institutes of
Biological Sciences Washington D.C. pp. 449-456.

Qarri, A. and A. Israel. 2020. Seasonal biomass production,
fermentable saccharification and potential ethanol yields in
the marine macroalga Ulva sp. (Chlorophyta). Renewable
Energy, 145: 2101-2107.

Qureshi, M.T. 2011. Integrated coastal zone management plan for
Pakistan. [IUCN-Pakistan.


https://doi.org/
http://dx.doi.org/10.35248/2572-3103.20.8.196

1528

Rodenas de la Rocha, S., F.J. Sanchez-Muniz, M. Gomez-Juaristi
and M.T.L. Marin. 2009. Trace elements determination in
edible seaweeds by an optimized and validated ICP-MS
method. J. Food Comp. Anal., 22(4): 330-336.

Roswell, M., J. Dushoff and R. Winfree. 2021. A conceptual guide
to measuring species diversity. Oikos., 130(3): 321-338.
Saifullah, S.M. and F. Rasool. 2002. Mangroves of Miani Hor
lagoon on the north Arabian Sea coast of Pakistan. Pak. J.

Bot., 34(3): 303-310.

Saifullah, S.M. 1973. A preliminary survey of the standing crop
of seaweeds from Karachi coast. Bot. Mar., 16: 139-144.

Saifullah, S.M., S.S. Shaukat and D. Khan. 1984. Quantitative
ecological studies of seaweeds of Karachi. Coast. Biol., 30:
33-43.

Selvakumar, P., A. Shameem, K. Umadevi, B. Sivaprasad and A.
Haridas, 2018. Checklist, Qualitative and quantitative analysis
of marine microalgae from offshore Visakhapatnam, Bay of
Bengal, India for biofuel potential. In: (Eds.): Jacob-Lopes,
E., L.Q. Zepka & M.I. Queiroz. Microalgal Biotechnology.
IntechOpen. pp. 998-1012.

Shaikh, W. and M. Shameel. 1995. Taxonomic study of brown
algae commonly growing on the coast of Karachi, Pakistan.
Pak. J. Mar. Sci., 4(1): 9-38.

Shameel, M. 1992. A preliminary check-list of marine algae from
the coast and inshore waters of Pakistan. In: (Eds.): Nakaike,
T. & S. Malik. Cryptogamic flora of Pakistan., Nat. Sci.
Mus., Tokyo., 1: 1-64.

Shaukat, S.S. 1985. Approaches to the analysis of ruderal weed
vegetation in London, Ontario. Ph.D. thesis, University of
Western Ontario, London, Canada. p. 510.

Shaukat, S.S. and I.A. Siddiqui. 2005. Essentials of Mathematical
Ecology: (Computer Programs in basic, FORTRAN and
C++). Farquan Publishers. University of Karachi
Publications, p. 243.

Shaukat, S.S., M.F. Siddiqui, M. Ahmed, N. Khan and I.A. Khan.
2013. Vegetation environment relationships of conifer

FAHAD BASHIR ET AL.

dominating forests of moist temperate belt of Himalayan and
Hindukush regions of Pakistan. Pak. J. Bot., 45(2): 572-592.

Singh, S., G. Singh and S.K. Arya. 2018. Mannans: An overview
of properties and application in food products. Int. J. boil.
Macromolecul., 119: 79-95.

Skoog, D.A., D.M. West and F.J. Holler. 1988. An introduction
to electrochemistry. Fundamentals of Analytical Chemistry,
7th edition. Saunders College Publishing, New York, pp.
303-29.

Sowjanya, 1.V. and P.R. Sekhar. 2017. Ecology of marine macro
algal flora of Visakhapatnam coastal areas, Bay of Bengal,
India. J. Threat. Taxa., 9(3): 9911-9919.

Ul-Hassan, H., Q.M. Ali, M.A. Rahman, M. Kamal, S. Tanjin, U.
Farooq, Z. Mawa, N. Badshah, K. Mahmood, M.R. Hasan, K.
Gabol, F.A. Rima, M.A. Islam, O. Rahman and M.Y. Hossain.
2020. Growth pattern, condition and prey-predator status of 9
fish species from the Arabian Sea (Baluchistan and Sindh),
Pakistan. Egypt. J. Aqua. Biol. Fisher., 24(4): 281-292.

Ullah, S., U. Salam, Y. Khan, N. Akbar and K.U. Rehman. 2021.
Variation and distribution of freshwater algae (Chlorophyta)
of District Mardan, Khyber Pakhtunkhwa, Pakistan. Pure.
Appl. Biol., 10(3): 640-650.

Ward, J.H. 1963. Hierarchical grouping to optimize an objective
function. J. Amer. Stats. Assoc., 58: 236-244.

Yousuf, F., U. Sumbal and M.C. Baloch. 2020. Destructive
fishing practices being applied at the coastal areas of Lasbela
Balochistan, Pakistan. Pak. Multi Discip. J. Art. Sci., 1(1):
55-69.

Zhang, Y., Y. Li, F. Shi, X. Sun and G. Lin. 2014. Seasonal and
spatial variation in species diversity, abundance and element
accumulation capacities of macroalgae in mangrove forests
of Zhanjiang, China. Acta Oceanolog. Sin., 33(8): 73-82.

Zhu, W., A. Zhang, C. Qin, Y. Guo, W. Pan, J. Chen and C. Li.
2021. Seasonal and spatial variation of protist communities
from reef water and open ocean water in patchy coral reef
areas of a semi-enclosed bay. Mar. Envir. Res., 169: 105407.

(Received for publication 5 April 2024)



