9

Original Article

Indian Journal of Biology
Volume 8 Number 1, January — June 2021
DO http:/ /dx.doi.org/ 10.21088/1jb.2394.1391.8121.1

Effect of Anthropogenic Disturbances on the Distribution of Spider Species in
Gopalpur and its Adjacent Villages of Ganjam District Odisha

Gitanjali Mishra'!, Somanath Sahoo?

How to cite this article:

Gitanjali Mishra, Somanath Sahoo, Effect of Anthropogenic Disturbances on the Distribution of Spider Species in Gopalpur and its Adjacent Vill

-ages of Ganjam District Odisha. Indian J Biol 2021; 8(1):9-15.

Author’s Affiliations: 'Professor, 2Research scholar, PG Department of Zoology, Berhampur University, Odisha 760007,

India.

Corresponding Author: Somanath Sahoo, Research scholar, PG Department of Zoology, Berhampur University, Odisha

760007, India.

E-mail: cool.somanath@gmail.com

Abstract

Anthropogenic disturbances cause many undesirable changes in our ecosystem that directly or indirectly affect the livelihood of people. In
the present study, we investigated spider diversity and distribution in habitats with different degrees of anthropogenic disturbances in
Gopalpur of Ganjam district, Odisha from November 2018 to January 2020. A total of 592 spider specimens belonging to 23 species were
recorded. It was observed that the more the degree of anthropogenic disturbances, the lesser was the diversity of spider species. The spider
population was negatively affected by the frequency of disturbances in their habitat. Ecological parameters such as temperature, humidity,
wind speed and direction, and light intensity were changing at a higher rate in more disturbed areas, indicating differences, due to human
impact. The study reveals that anthropogenic disturbances produce ecological changes that most of the spider species may not tolerate.
Again, the distribution pattern of arboreal orb-web making spider species was greatly affected by the frequent disturbances whereas ground-
dwelling species were least affected. To retain spider diversity in any locality, there needs a management plan for incorporating some
undisturbed wild vegetation patches both in rural and urban areas. This could include rules on how to keep that vegetation patch undisturbed
and not been influenced by any household waste materials or drained water from any industry, factory, or crop field.
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Introduction

All living organisms including human depends on free
services provided by natural ecosystems for their
sustenance on earth. Although human can modify the
natural ecosystems to grab most of the benefits for their
own, anthropogenic disturbances cause many
undesirable changes in the ecosystem that directly or
indirectly affect the livelihood of people (Kremenet al.,
2007; Winfree et al., 2009; Shrestha et al., 2013; Leal et al.,
2014; Cambellet al., 2018).Spiders are the beneficial
animal for agroecosystem as they control the pest
population without degrading the quality of crop plants
(Riechert, 1999; Maloney et al., 2003; Happeet al., 2019).
The use of pesticides in crop fields can make the crops
especially vegetables and fruits to be toxic for direct
consumption (Fantke& Jolliet, 2016; Valcke, 2017;
Carvalho, 2017). On the other hand, a low dose of
pesticides in the field can induce resistant varieties of
pests to be repopulated (Georghiou & Mellon, 1983; Guo
et al., 1998). In this situation, integrated pest management
can be helpful. Hereafter application of a low dose of
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pesticides in crop fields, spiders can be reintroduced to
predating upon those resistant varieties. Therefore, in
this context, it is very much important to know about the
ecology of spider species to make them boons against
pests in the modern system of integrated pest
management. Anthropogenic disturbances influencing
the diversity and distribution of most of the arthropod
species.

In this present research work, it is hypothesized that
the anthropogenic disturbances cause ecological changes
that influence the distribution of spider species. This
study aims to compare spider diversity and distribution
at different grades of human-disturbed habitats in coastal
areas of Gopalpur, Ganjam district, Odisha.

Materials and Methods

Study area: The study was conducted in a coastal belt of
5-kilometre width from the coastal line and20-kilometre
length along the coastal line which includes Gopalpur
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and its adjacent area in Ganjam district of Odisha. The
whole study area was divided into three categorical areas
such as human settled areas (HSA), agricultural crop
fields (ACF), and wild vegetational areas (WVA). That
division was done according to the degree of human
interference in the habitat. In the human settled areas, the
sampling was conducted inside the vegetation grown at
the side of the road, factories, and dump yards. In the

agricultural crop fields, sampling was conducted inside
the rice and vegetable crop field before harvesting. Wild
vegetational areas were existed far from both human
settled areas and crop fields and were mostly contained
varieties of shrubs with randomly grown trees. We have
selected 5 sampling sites randomly from each categorical
area. Thus, a whole total of 15 sampling sites were chosen
for all types of data collection.
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Fig. 1: Map showing study area and sampling sites. (Source: Google map)

Spider sampling: Spider sampling was done from the
sampling sites of each category of the area twice a month
for fifteen months from November 2018 to January 2020.
Four methods were taken for spider samplings such as
branch-beating and shaking technique for arboreal
spiders, leaf litter sampling technique for ground-
dwelling spiders, trapping technique (pit-fall trap for
ground-dwelling spiders and hanging traps on shrubs
and trees for arboreal spiders), and visual search
technique. Some quadrates having the size of (1 X 1) m?2
were taken randomly from each categorical area for
estimating spider density and distribution. During
sampling, spiders were counted and identified in the
field up to the family level by using standard field guides.

Then collection and photography were done in the
laboratory followed by preservation in 70% alcohol for
later identification at least up to genus level.

Determination of ecological disturbances: Temperature,
humidity, wind speed, wind direction, and light intensity
was recorded near the vegetation at an interval of five
minutes for one hour during mid-day time to find out the
average change in the value of an ecological parameter
per minute that represent the degree of anthropogenic
disturbances in a particular habitat. Temperature,
humidity, wind speed, and light intensity were measured
by using portable standard digital instruments whereas
wind direction was determined by the smoke direction
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from a burning incense stick using a compass.

Data analysis: Spider abundance in each categorical area
was calculated as the average density (number per meter
square) of five sampling sites in that habitat. For

diversity index were used. Mean species richness and
mean diversity index per sampling site were considered
for comparative analysis. Statistical calculations were
done by using Microsoft Excel 2013.

measuring spider diversity, species richness (total Results
number of species) and the Shannon-Weiner species
A Rate of change in temperature B Rate of change in relative humidity
37 7
36 6
35 &s
) E 4
£ — ¥Std Dev “E — ¥Std Dev
E 5 E
=
= ® Average E 1 ® Average
32 - =5td Dev w2 - -5td Dev
31 1
30 0
HAS ACF wva HAS ACF WVA
Categorical habitats Categorical habitats
C Rate of change in light intensity D Rate of change in wind speed
80 7
70 f 6
60 L ¥ gs
£ 50 £
E £
‘£ 40 - ¥5td Dev = ! - 15td Dev
= =3
530 ® Average E i ® Average
-
20 —=5td Dev =2 = =5td Dev
10 1
0 0
HAS ACF WvA HAS ACF WVA
Categorical habitats Categorical habitats
E Rate of change in wind direction
200
180
160
£ 140
=
£ 120
EE} 100 — ¥5td Dev
@
:53” 30 ® Average
A % —=5td Dev
40
20
]
HAS ACF WVA
Categorical habitats

Fig. 2: Rate of change of ecological parameters at different categorical habitats.

Ecological parameters of each categorical habitat or
areas: The average values of change in Fahrenheit
temperature per minute in the five sampling sites of each
categorical areas have been compared to found that, In
the human settlement areas (HSA), there exhibits a large
range of fluctuation in comparison to agricultural crop
fields (ACF) and wild vegetational areas (WVA). There is
a little significant difference between ACF and WVA. A
similar result is found for change in the percentage of

relative humidity per minute. Change in light intensity in
lux per minute is slightly higher in HSA, but there was no
significant difference between ACF and WVA. Therefore
change in light intensity due to anthropogenic
disturbances is insignificant to produce an effect on the
ecological condition. Change in wind speed in (km/hour)
per minute and change in wind direction in degree per
minute has much significant difference among the three
categorical habitats in the order of HSA>ACF>WVA.
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Table 1: Diversity and distribution of spiders inside the whole studied area.

Family Species Hebita Description
HSA | ACF | WVA
Araneidae 1. Anepsion 0 1 3 Arboreal, Orb-web
maritatum (0.Pickard-Cambridge, builders
1877)
2. Cyclosa sp. 0 1 3 Arboreal, Orb-web
builders
3. Neoscona sp. 0 0 1 Arboreal, Orb-web
builders
4. Argiope pulchella Thorell, 1881 1 2 3 Arboreal, Orb-web
builders
5. Gasteracantha 1 2 3 Arboreal, Orb-web
geminata (Fabricius, 1798) builders
6. Araneus sp. 0 0 1 Arboreal, Orb-web
builders; Nocturnal
Ctenidae 7. Cterius sp. 1 1 2 Ground dwelling; Found
in leaf litter, crevices of
the rock, sandy surface or
on the muddy semi-dried
soil; Nocturnal
Lycosidae 8. Lycosa sp. 2 3 2 Ground dwelling; Found
in leaf litter, crevices of
the rock, sandy surface or
on the muddy semi-dried
soil; Nocturnal
9. Hippasa sp. 2 3 2 Ground dwelling; Tunnel
sheet/funnel-web builder
10 Paradosa sp. 1 3 2 Ground dwelling; Tunnel
sheet/funnel-web builder
Oxyopidae 11. Oxyopes birmanicus Thorell, 2 3 2 Arboreal, ambush hunter
1887
12. Oxyapes sp. 2 2 3 Ground dwelling on leaf
litter or herbs, Diurnal
13. Peucetia viridana (Stoliczka, 1 3 3 Arboreal, ambush hunter
1869)
Salticidac 14. Telamonia dimidiata (Simon, 1 2 2 Arborcal, ambush huntcr
1899)
15, Hyllus semicupreus (Simon, 1 2 2 Arboreal, ambush hunter
1885)
16. Phintella vittata (C.L. Koch, 1 2 2 Arboreal, ambush hunter
1846)
17. Myrmaplata plataleoides (O. 0 2 2 Ant mimicking spider,
Pickard-Cambridge, 1869) Close proximity to ant
18. Myrmaplata sp. 2 2 1 Ant mimicking spider,
Close proximity to ant
19. Portia sp. 0 0 2 Arboreal, hunt small
spiders and termites.
Sparassidae 20. Olios milleti (Pocock, 1901) 0 1 3 Arboreal, ambush hunter
Tetragnathidae | 21. Tefragnatha javana (Thorell, 1 1 2 Arboreal, horizontal orb-
1890) web builder
Theridiidae 22. Argyrodes sp. 0 1 2 Arboreal, Orb-web builder
Thomisidae 23. Thomisus sp. 1 3 3 Arboreal, Ambush hunters

0=Poor abundance, 1=Little abundance, 2=Moderate abundance, 3=High abundance.
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Fig. 3: Photographs of spiders from sampling.

Spider diversity and distribution: Overall 592 spider
specimens were collected by all collecting methods from
15 sampling sites, representing 9 families and 23 species.
From HSA and ACF, only 14 and 19 species were found
respectively. All species were found to available in WVA.
Spider abundance in number per square meter area is

least in HSA and on the other hand, there is a little higher
abundance in ACF in comparison to WVA. Mean species
richness per sampling site and diversity indices per
sampling site have values in the order of
HSA<<ACF<WVA.

Indian Journal of Biology / Volume 8 Number 1, January - June 2021



14

A Abundance of spiders B Species richness
9 16
8 14 T
? g f
F
& &0 10
~ =
ES =
‘5. — ¥5td Dev E— 8 i — 15td Dev
£
Fd ]
3 @ Average g;_. 6 ® Average
2 — -5td Dev Zz 4 —-Std Dev
1 2
0 0
HAS ACF WVA HAS ACF WVA
Categorical habitats Categorical habitats
C Diversity indices
3.5
3
|
« 25
6
=
= 2
E' — ¥Std Dev
o
@Q @ Average
=3 1 t
=2 - -5td Dev
0.5
0
HAS ACF WVA
Categorical habitats

Fig.4: Spider abundance, species richness, and diversity indices at different categorical habitats.

Discussion

From the study, it is found that temperature and
humidity in HSA are highly fluctuating, mostly due to
burning action, the presence of concrete roads and
buildings, smoke, and dust particles in the air. Wind
speed and wind direction are not fluctuating to a greater
extent at WVA due to the presence of trees and dense
vegetation. In ACF, small height plants do not resist the
change in wind speed and wind direction. Heavy
vehicular movements is an important reason for the high
rate of fluctuation of wind speed and wind direction at
HAS. Anthropogenic disturbances make a high rate of
change in the ecological factors that directly affect the
population growth rate of different spider species in a
different manner (Schweiger et. al., 2005; Lowe et. al,,
2014; Picchi et. al., 2016). Changing and fluctuating
ecological state reduces the predatory and mating
behaviour, their fecundity rate, and developmental
success by most of the wild spider species (Johonson et.
al.,, 2019). Changing environmental conditions whether at
a higher or lower degree, but in a constant rhythmic
pattern (diurnal or seasonal changes), allows the growth
of certain varieties of adaptable species to be populated
and establish a good ecological community. On the other
hand, habitats having frequently changing ecological
factors which are mostly due to anthropogenic activities,
resist the growth of most of the orb-web builder and other
arboreal spider species. Only a few spider species such as
ground-dwelling spiders and sheet web builder species
can exploit the area to establish a poor diversified
community structure (Shochat et. al., 2008). Ground

dwelling spiders in the community can only participate
in the ecological food chain at the ground part of the
whole habitat, but not at the upper arboreal habitat. For
establishing complete ecological balance, there needs the
presence of spiders exhibiting all types of functional
habitats or niches.

Conclusion

As spider diversity and distribution is considered as the
indicator of sustainable ecological habitat (Maelfait &
Hendrick, 1998; Langor & Spence, 2006), their
conservation strategies can bring ecological balance
which will be beneficial for the vegetational growth, both
at human settlement areas and crop fields. Therefore, to
retain spider diversity in any locality, there needs a
management plan for incorporating some undisturbed
wild vegetational patches both in rural and urban areas.
This could include rules on how to keep that vegetational
patch undisturbed and not been influenced by any
household waste materials or drained water from any
industry, factory, or crop field.
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