

















































































































GLM is an extension of regression analysis and is a powerful tool for the application of

regression models to a variety of non-normal response variables (Everitt and Hothorn,
2006).

GLM assumes independent or at least uncorrelated observations which were identified
using PCA in the study (McCullagh and Nelder, 1983). Because the number of bird species
observed are numerical counts, the GLMs were based on a Poisson distribution with a log
link (Ln) function. To select among the competing models, an information theoretic
approach was adopted based on Akaike's Information Criterion (AIC) (Burnham and
Anderson, 2001). The AIC provides the evidence for the most parsimonious model in a set

of a priori models that fit the data (Burnham and Anderson, 2001).

Canonical correspondence analysis (CCA)is a multivariate constrained ordination
technique that extracts major gradients among combinations of explanatory variables in a
dataset. CCA was done to relate bird species composition to various variables in the habitat.
A multiple linear least-squares regression is performed with the site scores (determined
from weighted averages of species) as the dependent variables and the environmental

variables as the independent variables.

CCA is a direct gradient analysis technique and represents a special case of multivariate
regression. The CCA assumes a unimodal relationship between species abundance and the
relevant environmental variables. It creates synthetic variables (axes) that maximally

separate (ordinate) the unimodal distribution of species. The eigenvalues associated with

each axis give a relative indication of the ability of the axis to separate or order species

distribution. (Bolger et al, 1997). CCA

the seasons. Since the results obtained were

was done on the species-wise data of birds for both
very clumped because of projection of 117

species in winter and 103 species in summer, along with the habitat variables and the

patches, a simple linear correlation was done of each and every species with each and
every variable before CCA and the spe

correlation with each of the variables were S

cies that showed the maximum positive and negative
elected as representative species. The number
of correlated species obtained in this way were considerably lower than the actual number
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3. Results

119 species of birds were observed in totality while sampling the study sites. Of these, 117
species were recorded during the winter season and 103 species were recorded in the

summer season. This includes 1,369 detections in the winter season and 1,075 detections
in the summer season.

3.1 Patterns in bird species richness across the mangrove patches

Winter

Species richness in winter across the patches was estimated. Chao-1 and Jack-knife 1
estimator were used to estimate the number of unsampled species in the fragment. Both
observed and estimated richness showed that there were no significant trend with respect
to the area of the patch in the winter season. The smaller sized Jakhau patch with an area of
0.20sq.km was found to have lqwest estimated species richness while the medium sized
patch with an area of 5.124 sq.km showed highest estimated species richness by the Jack-
knife 1 estimator.

Table 3.1 Bird species richness across the patches in winter

Patch Area Obs. Chaol |Jack1l | Shanno | Density

No Patch Id (km?) Richness | Mean | Mean | nMean | /ha
1 | Jakhau 0.202993 26| 2581 23.32 2.5 7.016
2 | Kori 7.548926 19| 44.18 55.7 2.95 1.318
3 | Mundra 3.236465 41 57.55 75.44 3.15 7.014
4 | Kandla 0.511822 34| 68.15 90.36 3.29 7.135
5 | Dwarka 0.321297 31 76.3 | 100.83 3.38 8.725
6 | Porbandar 0.90013 31| 8299 10893| 344 16.024
7 | Una Sp 0.3167 11| 882 | 11584 3.51 14.610
8 | Una FRH 0.568522 58| 9323 12197| 3.55 16.692
9 | Diu 0.573307 16| 97.89| 127| 358 7.097
10 | Khera 0.149955 18 | 101.42 130.85 3.61 17.223
11 | Pipavav 0.320345 501 103.88| 13298 | 363 23424
12 | Jafrabad 0.136487 23| 106.6 | 135.89 3.65 8.300
13 | Dahej 1049312 | 33| 109.05 13834 | 3.66 7.084
14 | Dandi 0.834936 __‘____2_2_ 111.09 | 140.04 3.68 9.016

| 15 | Dumas oizsere| 23| ue7| 14151 368 LT

e [outies TR s

17 | Nemarai 6407892 | &% - ' : :

18 | Mendhar L_,_S,l_z_i-t__————g-s—' 116.07 | 142.89 3.73 4.028
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The rarefaction curve plots the number of Species as a function of the number of
individuals sampled. If one or more accumulation curves fail to reach an asymptote and

sampling saturation Is not achieved, the curves themselyes may often be compared, after

appropriate scaling using rarefaction (Gotelli and Colwell, 2001). Thus, rarefaction permits

comparisons of species richness among communities when the total numbers of

individuals or sample sizes and effort differ (James and Rathbun 1981).

Sample-based rarefaction curves give a better estimate for patchy habitats, as against
individual-based rarefaction curves which often tend to overestimate the number of

species in such cases.
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Figure 3.1 Rarefaction curve for birds in winter

Size class Slope SE

1 (0-1sq.km) | 0.5491473 | 0.06370792
2 (1-5sq.km) | 1.65 0.9562659
3 (5-10 sq.km) | 1.85 0.170544
Table 3.3 slope of rarefaction curves in winter

The rarefaction curves for species in winter showed the higher accumulation of species in

the smaller patches. The medium and larger patches showed a rise because of the lack of

sampling in those size classes (Fig 3.2). This is because, in the study, most of the mangrove

Patches considered belonged to the low size class. And hence the low size class shows
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certain amount of sampling saturation, The mean slope values for individual based species

accumulation curves represent the rate of accumulation of species per unit individuals. The

smaller size classes of patches show a maximum richness of individuals
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Figure 3.2 Rarefaction curve for birds in summer

Size class Slope S.E

1 (0-1sg.km) | 0.4906308 | 0.0659069
|2 (1-5sq.km) 1.2835 |  0.7420459
3 (5-10 sq.km) 1.4835 0.8586804

Table 3.4 slope of the rarefaction curve of summer

The rarefaction curves for summer bird species gave similar results as that of winter. The

rarefaction curves for smaller patches reached almostat the asymptote, but the curves for

the medium and large sized patches showed a rise because of the lack of numbers of large

sized patches in the survey.
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3.5 Spatial analysis of the patches

Spatial analysis of each of the twenty patches was done by using Patch analyst and
Area/Density/Edge metrics were calculated, There are six categories of statistics available
in Patch Analyst (Paudel and Yuan, 2011), of which, two types of statistics were computed
for this study 1) Patch Density and Size Metrics that revea] landscape fragmentation and
configuration and (2) Edge Metrics which attribute the amount, length, and distribution of
edges between specific patch types were calculated. The shapefiles were converted to a
vector format before they were used to calculate the indices. Four indices as compositional
measures were considered: mean patch size (MPS), edge density (ED), Mean Perimeter to
Area ratio and Mean Patch Edge.

MPS is selected because it is the primary predictor of diversity within a patch. Edge Density
refers to the amount of edge relative to the landscape area and is related to the degree of
spatial heterogeneity (Antwi et al, 2008). ED was chosen to quantify the dynamics of the
abundance and attributes of specific types of edges, and infer the associated ecological
effects. Mean Patch Edge shows the average amount of edge per patch.

The Mean Perimeter Area Ratio (MPAR) mean of the ratio patch perimeter. The perimeter-
area ratio is equal to the ratio of the patch perimeter (m) to the area (m2).

The computed indices for each patch are shown in the table below:
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Table 3.5 Patch indices computed by using Patch Analyst

CF Edge Densi
patch No Patch ID (m%mz)e nsity I(Vlrs?rrr‘:)atCh Edge Meanhpatch Mean Peri Area
1 | Jakhau 1.246 6766.949 g Ratlo m/ha
> T Kori : 19.531 346.500
15.646 84944.146 726.189 117.000
3 II\gun(;ilra 5.602 30413.841 311:455 97'.700
‘; D:;r;a 18-;28 52223.620 1559.820 35.500
: 66.584 30.938 150.800
. 6 | Porbandar 1.943 10551.304 86.727 121.700
7 Una Sp 3.293 17876.298 70.546 253.400
| 8 | Una FRH 1.501 8148.501 54.807 148.700
9 | Diu 6.080 33011.486 187.437 176.100
10 | Khera 0.304 1648.514 14.439 114.200
11 | Pipavav 0.794 4310.468 30.853 328.700
12 | Jafrabad 0.796 4322.408 13.148 139.700
13 | Dahej 8.840 47991.620 | 1007.599 47.600
14 | Dandi 2.074 11262.588 80.214 140.400
15 | Dumas 0.821 4458.335 12.072 369.300
16 | Tunda 0.830 4506.491 14.239 316.500
17 | Nemarai 9.043 49095.442 615.751 79.700
18 | Mendhar 10.111 54893.274 492.561 111.400
19 | Kadiya 1.201 6518.386 30.559 213.300
20 | Daman 4.953 26891.867 70.327 382.400

3.6 Association of birds with disturbance

All 119 species of birds recorded during the study were

birds and Open country birds were plotted across the
w. Forest birds constituted 93 species

e birds.

present in all the patches as shown in the graph belo

and open country birds constituted of 26 species of th
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proportion in which they were







Based on this, densities were calculated per patch by summation of the low, medium and
S ' n

high densities of each patch and hence the bird densities were obtained per patch per

season. The different models fitted for different detection groups across the seasons as the

detection probability of the birds varied across the seasons.

The following densities were calculated for winter season:

Table 3.7 Densities calculated for the patches in winter season

Patch Winter Winter Winter Total
Name Density/(sq.
Low %CV | Medium | %CV | High %CV | km)
Jakhau 145.28 | 32.29 | 399.1 48.1 122.7 | 257 667.08
Kori 56.49 | 26.55| 199.6 17.8 157.2| 19.8 413.29
Mundra 290.5 | 30.04 489 35.2 107.3 | 19.09 886.8
Kandla 201.77 | 27.34| 3775 25.1 46| 17.29 625.27
Dwarka | 274.41| 415| 2696 40.9 76.7 | 25.79 620.71
Porbandar | 435.8| 42.8| 625.6 71.3 61.36 | 24.91 1122.76
Una SP 112.2 | 27.88| 2049 26.9 84.37 | 20.25 401.47
UnaFRH | 371.26| 43.97 | 409.9 50.8 153.4 | 31.48 934.56
Diu 161.42 | 30.7| 2265| 33.14 77| 19.66 395.62
Khera 14528 | 32.29 | 291.2 35.6 92.04 | 21.63 528.52
Pipavav 500 | 47.7 194.1 27.6 61.36 | 18.98 755.46
Jafrabad 2259 | 32.72| 3236 42.5 69.03 | 22.61 618.53
Dahej 80.7 | 27.36| 4045 246 | 103.55| 1825 588.75
Dandi 1775 | 30.31| 3775 56.4 53.6 | 18.99 608.6
Dumas 321.26 | 37.87 | 2912 41.9 61.36 | 20131 673.82
Tunda 338.9 | 36.81 226 31.7 38.35 | 18.39 603.25
Nemarai 312 | 31.28 330 31.66 15.34 | 16.78 657.34
Mendhar 193.7 | 28.23 316 28.9 86931 | 18.46 596.631
| Kadiya 306.6 | 37.72 280 | 37.06| 53693| 1899 640.293
Daman 2744 | 338 312 | 399 46.022 | 18.83 632.42
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The densities calculated for summer:;

Table 3.8 Densities calculated for the patches in summer season

atch Summer Summer
Eame low %CV | medium | %CV ililgfgmer g:;ility/ (sq.km)
jakhau | 337 162| 4229|  309| 123] 1541 468.9
BE-= Korl| 50.6841 1.1 160.1 10.03 283 | 13.06 239.084
Mundra | 37.544| 128 4357 258| 13.155| 137 486.399
Kandla 56.3 12.8 390.8 17.3 6.1| 12.21 453.2
Dwarka| 657 144| 4613 441] 123] 1511 480.17
Porbandar 78.8 | 18.17 461.3 51.08 12.3 203 552.4
Una SP 33.7| 1621| 3588 35.3 9.8| 14.06 402.3
 UnaFRH| 45.05| 17.55| 5254 4951 17.26] 14.21 587.71
Diu 0 0 410 3866 | 1233] 15.11 422.33
Khera 33.7 | 13.02 410 412 12.33] 13.03 456.03
Pipavav | 5631 | 157 422 304 | 148 1564 493.11
Jafrabad | 56.31| 18.11 486 483 | 1233] 17.58 554.64
Dahej 57.9 | 13.41 422 196 1127] 121 491.17
Dandi | 22.52| 13.44 460 529 7.39| 1561 489.91
Dumas | 11.26 | 13.91 704 649 | 19.7| 15.83 734.96
Tunda | 67.57 | 14.46| 4997 463| 123| 203 579.57
Nemarai 105 14 410 23.7 49| 116 519.9
Mendhar 0 0| 42717 2417| 115 12 438.67
Kadiya 45| 12.6 371.6 33.6 9.8 17 426.4
Daman 788 | 14.8]| 4357 43.14 49| 127 519.4

3.8 Overall Densities of birds

Overall densities were remarkably higher in the winter season

some patches. In the other patches, the densities of the birds had very little variations for

both the seasons. The following graph shows comparative bir

seasons
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than that in the summer in

d densities/hectare across the
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Figure 3.8 Comparison of bird abundances across patches in winter and summer season
3.10 Relationship of Birds with Habitat variables
The principle component analysis decomposed the data into five principal factors together

explaining 85.74% of the variance in the dataset.

Table 3.9. Shows the contribution of each variable to the extracted factors.

Component Matrix
Component
1 2 3 4 5
% Variance explained 37.80% | 17.80% 11.;201/0 1(()).5197‘? 7.72%
Mean canopy cover 0.565* | 0. -0.
Coef. of variance of canopy COVer _0.446* | -0.424 0.182* -0.138
Tree density 0.372 .0.436 | 0474 —T
- -0.27 ;
Area 0348 | 0205 | 0152 |
Number of Humans Present 0.314 -0.246; = __g%%__()}]é"‘_
Number of Dogs Present 0269 | 0316 | 0.251 W -
Wood cutting 0274 | 017 ——9_2’5_8—_/_(_)?6—1—
Human footprints (3*3m) 0-411: //WW
Do k(3*3m) 0.37 I e
: puLg — 0309 | 0.109 | -0.469" 20327 | -0.172
d oPgmg 0.36* 0125 | -0.283 0.323
Edge Density ___-_,-__,____._.-——_—-/—0 A 195 0.195 —
| Mean perimeter to arearatio 0.306* | -0.287 L,___..—L_’———L__———

g Principle Component analysis of dependent

Table 3.9 Component matrix obtained by doin

variables
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10 Stepwise backward-
Table 3.1 p ckward-forward model selection for bird species rich
chness in winter

/T'_——f P
[ A Stepwise
sr.No | Model backward/forward
— | Bird AIC
1 | sp.(w)~A+CVCC+DP+D+ED+HF+H+L+M
——Trd PAR+TD+WC+XCC 59.51
__—‘_g_ 51:.J.(w)~A+CVCC+DP+D+ED+HF+H+MPAR+TD+WC+XCC
3 | Bird sp.(w)~A+CVCC+DP+D+ED+HF+MPA 2751
| R+TD+WC+XCC EE B
_’_:4_ | Bird sp.(w)~A+CVCC+DP+D+ED+MPAR+TD+WC+XCC =
5 | Bird sp.(w)~A+DP+D+ED+MPAR+TD+WC+XCC 281
6 | Bird sp.(w)~A+DP+D+ED+MPAR+TD+XCC ﬁi‘{‘;
Table 3.11 Generalized linear model of bird species richness in winter
GLM (Bird sp.(w)~A+DP+D+ED+MPAR+TD+XCC)
Coefficients
Estimate Std. Error zvalue | Pr(>|z|)
(Intercept) 3.14316 0.04816 65.26 <2e-16***
Area.Z 0.2194 0.10204 2.15 0.031545*
X.Cc.Z 0.21156 0.06333 3.341 0.000836 ***
Dog.Pugmark 0.16055 0.07062 2.274 0.022988 *
Tree.Dens.Z 0.15192 0.06319 2404 | 0.016204*
Mean.Peri.Area.Ratio | 0.083 0.08142 1.019 0.308004
Edge.Dens.Z -0.08942 0.09912 10902 | 0.366986
Dog.7Z 017472 0.07453 2344 |0.019066*
S AIC: 119.28

The Generalized linear model of Bird species in winter with all the other dependent
of percent canopy cover B coeff =0.21156

Variables gave a result that mean
rea of the patch B

ariable the most. Besides, the a
B coeff = 0.16055 (£0.07062), tree density B coeff
-.0.1747 (x0.07) also influence

(£0.06333)influenced this independent v
coeff =0.2194 (+0.10204), dog pugmarks
=0.15192 (+0. 0.06319) and the presence of dogs B coeff

this variable considerably.
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density * human footprints + Presence of humans and lopping shown i
The AIC value for this model is 41.38 bl below;

Table 3.12 Stepwise backward-forward model selection for bird species richness i
ness in

summer
| stepwise
Sr.No Model Zillékward/ forward
Bird

1 | sp.(s)~A+CVCC+DP+D+ED+HF+H+L+MPAR+TD+WC+XCC 48.71
2 | Bird sp.(s)~A+CVCC+DP+D+ED+HF+H+L+MPAR+TD+WC 46.71
3 | Bird sp.(s)~A+CVCC+DP+D+ED+HF+H+L+MPAR+WC 44.81
4 | Bird sp.(s)~A+CVCC+DP+D+ED+HF+H+L+MPAR 42:88
5 | Bird sp.(s)~A+CVCC+DP+D+ED+HF+H+L 41.38

Table 3.13 Generalized linear model of bird species richness in summer

GLM (Bird sp.(s)~A+CVCC+DP+D+ED+HF+H+L)
Coefficients
Std.
Estimate Error z value Pr(>|z|)
Intercept) 2.96328 0.05544 | 53.45 <2e-16 ***
Area.Z 0.17241 0.10423 | 1654 0.0981.
Human Footprint 0.102 0.117 | 0.872 0.383
| Dog Pugmark 0.06994 0.1103 | 0.634 0.5263
| Lopping 0.0443 0.06203 | 0.715 0.4746
Human Seen -0.0475 0.07783 | -0.611 0.5411
| Edge Dens 20.08829 113 -0.788 0.4307
CV.0f %CC _0.1374 0.0685 |-2.006 0.0449 *
Dog 20.773 0.08208 | -0.943 0.3459
AIC: 117.54 -t
- L__,__————L/—/L————‘__‘
The Generalized linear model of Bird species in winter with all the other dependent

e
ariables gave a result that mean of %

0.1374 (20.0685)influenced this variable th

Coeffi

e most.
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Table 3,14 Stepwise backward-forward model selection for bird density in wint
[ Cinr in
— | Stepwise er

ﬁrﬂgdel backward/forward
— | Bird AIC
1 dens.(w)~A+CVCC+DP+D+ED+HF+H+L+MPAR+TD+WC4XCC 66.06
2 | Bird dens.(w) ~A+CVCC+DP+D+ED+HF+H+L+MPAR+TD+WC o1
3 | Bird dens.(w)~A+CVCC+DP+D+ED+HF+H+L+TD+WC 653

Table 3.15 Generalized linear model of bird densities in winter

GLM Bird dens.(w)~A+CVCC+DP+D+ED+HF+H+L+TD+WC
Coefficients
Estimate Std. Error [z value [Pr(>|z|)
(Intercept)  [2.30204 0.09703 |23.724 |< 2e-16***
Area.z 0.42642 0.19999 |2.132 |0.03298*
dog 0.38637 0.111 3.481 ]0.00050 ***
wood.cutting.z {0.56626 0.21614 |2.62 |0.00880 **
humans seen [0.38011 0.17988 |2.113 [0.03459*
CV.of %CC 0.33491 0.11327 [2.957 [0.00311**

—

tree.dens.z 0.2049 0.12293 [1.667 [0.09556
dog pugmark [0.18682 0.16596 [1.126 |0.26031
humanfootprnt |-0.4573 0.20693 |-2.21 [0.02711*

|__edgedensity |-0.59427 0.20807 |-2.856 |0.00429 **
lopping -0.64756 0.24145 |-2.682 [0.00732**
AIC: 62.9

The Generalized linear model of Bird density in winter with all the other dependent
0.25907 (%0.09709) influenced this

variables gave a result that dog presence B coeff =
g 0.56626 (20.21614), Coefficient of

independent variable the most. Besides, wood cuttin )
Variance of percent canopy cover § coeff = 0.33491 (£0.11327), edge density B coefl =

ity of th
0.59427 (+0.20807) and lopping B coeff = -0.64756 (£0.24145) affect the defx;sn;/ :801(15
birds. Area of the patch B coeff = 0.42642 (£0.19999); human presence B C°‘;f ) O o
(#0.17988) and human evidence in the patch (human footprint) [ cogts = ==

(i0'20693) also influence this variable considerably.
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/m Laughing Dove ﬁh
11 edium
71 | Little Cormorant Medium
— 72 | Little Egret Medium
/’7’3— _Little Ringed Plover Medium
— 74 | Little Swift o
— 75 | Longtail Shrike High
— 76 | Marsh Sandpiper Low
i
77 | Montagu's Harrier High
78 | Oriental Darter Medium
79 | Oriental Honey Buzzard High
80 | Oriental Magpie Robin Medium
81 | Oriental White Eye Low
82 | Osprey High
83 | Painted Stork High
84 | Pallas's Gull High
85 | Pallid Harrier High
86 | Pied Avocet High
87 | Pied Bushchat Low
88 | Pied Kingfisher Medium
89 | Plain Prinia Medium
90 | Purple Heron Low
91 | Purple Sunbird Low
92 | Red Naped Ibis Medium
93 | Red Rumped Swallow Low
94 | Red Vented Bulbul Low
95 | Red Wattled Lapwing Medium
96 | River Tern Medium
97 | Rosy Starling Low
98 | Ruddy Turnstone | Medium
99 | Shikra | Medium |
100 | Short Toed Snake Eagle High
101 | Southern Coucal _I\’Leg‘_“_m-———-—
102 | Spotted Dove | Medium
103 | Spotted Redshank ,LL_)_VY___—————‘
104 | Stepper Eagle __l_{lg—h————/
105 | Stork Billed Kingﬁ_s@___/—_w_lggln—n/
106 | Sulphur Bellied Warbler High
107 | Western Reef Egret _M,GQ{BL“__————
108 | Whimbrel /—M_Ei“—n’n/
109 | Whiskered Tern High —
110 | White Breasted_l@gﬂsﬁg—/{%"‘/
: | Low
i White Breasted Waterhen Medum

| White Eared Bulbul
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/’1'1‘; White Eyed Buzzard

T Medium
114 | Wire Tailed Swallow Low
115 _\@od Sandpiper High
116 | Wooly Necked Stork Medium
117 | Yellow Wagtail Medium
— 118 | Yellow Wattled Lapwing Medium
119 | Zitting Cisticola Low

Google earth images of each patch.
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