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ABSTRACT

The study assessed major environmental determiriafit&encing bird community in six wetlands oveR-gear
period. A combination of visual and bird soundiieghniques under population monitoring survey wsasduto
determine the seasonal variations in bird abundarfceotal of 1,169 birds from 25 species and 88#ivilduals
from 23 species were identifiedin the wet and digsen respectively. The shallow close marshes stgopthe
greatest number of birds (p<0.05) compared to tbanian wetlands. Bird diversity were significantiigher in the
wet season than in the dry season (F = 4.101, ps)0.Cattle egret (Bubulcus ibis) and Marsh warbler
(Acrocephaluspalustris) were the most abundantngyshe IUCN ‘Red List’ database guide, we noted 8&2%
of birds identified were least concern (LC), white Yellow weaver bird (Ploceousmegarhrynchus) thasonly
vulnerable species (VU) and represented 3.8%. Ftoenthree variables tested, bushfire and farmingcfices
were the major threats andcumulatively explaine®3% (wet season) and 14.06% (dry season) variatiorbird
diversity and abundance. The findings in this stuill help managers of wetlands design conservatimasures
that will check current threats on birds classifisl least concern from becoming vulnerable in tiieré.

Keywords: environmental assessment, bird population, bedsdy, canonical correspondence analysis, Habitat
preference, IUCN Red list

INTRODUCTION

Birds play a vital role in enriching the biodivegsof wetlands. This explains why wetlands are floost recognized

as a haven for waterfowl by Ramsar International9@1 [1]. Their sensitivity to habitat perturbatimakes them
suitable as bio indicators to wetland health, thfotheir population size and composition. Globatlyer 150 bird
species are reportedly lost since the year 15002)Recent reports have shown that birds have gotiact at an
exceptionally high rate, estimated to be 1,000G®Q0 times the natural background rate [2]. Todeng in eight
bird species is threatened with global extinctieith 190 species critically endangered and paridulalarming are
sharp declines in a number of formerly common aigdespread species, such as cranes and some waters.
International Union for the Conservation of Nat(iteCN) ‘Red Listhave shown documented evidence that rate of
extinction are getting worse among species confinesinall islands to continental scale [2]. Thisdds largely due

to their increasingly intolerance to the slightesbsystem disturbance [3] which is linked to padinit[4], habitat
type and bird distribution [5, 6], wetland patclkesi7], cutting of mangrove vegetation [8], farmipgactice and
urban development within the wetland catchment 19, 11] and habitat fragmentation [12]. These human
disturbances at the landscape scale, has strudtuegabpulation and assemblages of birds becaudeiothighly-
specific habitat requirements [13, 14].
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Scientific studies on bird ecology, diversity, adance and spatial distribution is simply absentpoorly
investigated in the Northern Savannah wetlandstadra. However, unlike the Northern Region, researchirds
in the Southern forest belt [15, 16, 17] and cdas&tlands havebeen considerably extensive [182098, 21, 22].
The only notable work previously conducted in of¢he wetlands under the current study (Kukobilalared) was
to establish a baseline of the types of birds foimthe wetland [23]. Understanding overall birgpenses to
disturbances will as well require the assessmetteifvarious disturbance scenarios on a seasoss, Isince the
impacts of environmental determinants are many\amg along seasonaltrends. Ecological changes amdi Uise
activities within wetlands catchment in Northerngit® of Ghana are seasonally driven and can paigntffect
bird assemblage, composition and habitat prefereRoe instance, it has been observed that in sumsadr
marshes, with dominant plant species like Carex Badcinellia, are key habitats for raising youngsglings,
while lake shorelines with fine freshwater grasaad sedges are important for molting birds [24]a@jes in
annual water depths affect the breeding and fogabibitat preference for a variety of wetland-dejesm bird
species [25]. Example of marsh-dependent birdsreati_akes coastal marshes, affected by long-téranges and
annual water level fluctuations include: swamp spar(Melospizageorgiang American coot Fulicaamericand,
least bittern Ikobrychusexiliy marsh wren istorthoruspalustris and pied-billed grebePpdilymbuspodiceps
[26].

Of the 728 bird species recorded in Ghana [1820Psix of them are considered threatened and &P theeatened
[27]. For example the National Biodiversity Stratefgr Ghana Report mentioned hornbill, parrots &irds of
prey, as the few keystone species under threat J28Jugh these findings were largely from the Seutlsector of
Ghana (i.e. forest belt and coastal zones), thegrthenon suggests that some birds in the Northerar®ah zone
might be under threat or at risk of extinction,iggyrecent undocumented, but observed environmdigalrbances
on the wetlands. Therefore, the absence of a #itemvestigation makes it impossible to determihe current
state of bird population, composition and habitafgrence (using their proximate cues), on a sehdmasis among
wetlands in the Northern Savannah zone. In thidystwe apply multivariate ordination techniquesiatermine the
influence of three environmental factors on thesemal variation of bird population, diversity ancbitat
preference among the wetlands. The outcome ofrthéstigation will help equip wetland managers witht-hand
information on the types of seasonal disturbaneeatos and how these disturbances could potentrabdify bird
assemblage in the future and the selection of @piate conservation approach towards enhancingub&inability
of their population.

MATERIALS AND METHODS

The study was carried out in six wetlands locatedhie Northern region of Ghana, with their co-oalés as
follows: (i) Wuntori (NO9 08.335' W001 09.685"; (ii) Kukobila (N16 08.723' W006 48.179"; (iii) Tugu (N09
22.550' W00® 35.004"; (iv) Bunglung (N0B35.576' W008 47.443"); (v) Adayili (N09 41.391' WO0B 41.480")
and (vi) Nabogo (N0949.941' W000°.51.942") (Fig. 1).The six sitesoliethe extensive floodplain along the course
of the White Volta River, which has overtime becomesed and modified through meandering and atigralong
various topographic features. This has led to theelbpment of streams that have diverted from thérivhite
Volta [29]. All six wetlands were classified as stoshallow marshes (Wuntori and Tugu wetlands)n ajeep
marsh (Kukobila wetland), riparian wetlands (Adayhd Nabogo wetlands) and artificial wetland (Blumg
wetland). The hydrological regimes of the six wetla under study were typical of permanent wetlamdmse
depth at low tide did not exceed 2 m on averageesSof the wetlands were as follows: (a) Wunto#.Z ha; (b)
Kukobila = 5 ha, Tugu (c) 2.7 ha; (d) Nabogo =9 (e) Adayili = 6.7 ha and (f) Bunglung = 11.5 ha

Annual rainfall is in the range of 1000-1,300 mra/pnd the wet season lasts from June to early @ctolhile the
dry season last from November to May. Average tnamprre varies between 14°C and 40°C [29]. Altitvaleges
between 108 — 138 meters above mean sea levelvagmtation cover is a mixture of grassland domuhdte
Lersiahexandraand woodland dominated by Mahogan¢h@yasenegalensgisand shea treeV(tellariaparadoxa
interspersed with shrubby communitiesMitragynainermisand ZiziphusabissynicaThe trees are relatively short
with thick bark and occlusions, signifying theiragdation to the cyclical dry season bush fires.pCiarming,
livestock rearing and fishing are the main stagdfvities among the inhabitants.

2.1: Sampling procedure for bird species

Population monitoring type of survey was used ttewrine the seasonal variations in bird populatiosing
transects line approach [30]. Ten plots in eacthefsix wetlands of 60 m x 10 m dimension were. &k distance
between one sampling plot and the other was 5 ndsBiere counted each of the ten plots with inénggfive class
distance scale (1-10, 10-20, 20-40, 40 - 50 and &0 m) from the base of the transect line, usisgat approach
and vocally through bird sounding technique devetbpy the Royal Society for the Protection of Bif8$]. Bird
sounding technique is software of recorded soudiifi@erent birds, accompanying their names andtghoThis
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vocal technique was only used to count birds thettevhidden in dense vegetation and difficult tauglize. This
was made possible after observing and listenirtpe¢osame birdcreech, chirps or tweét the open vegetation in
previous sampling. Repeated and careful listenihghe bird sound in the thick vegetation for 5 nigsiwas
followed by playing the composed sound in orderdntify the right bird. Also, birds that were higld in the
thicket vegetation were counted through a delileegitation of the vegetation. This was done, brefcdly
throwing a stone inside the dense vegetation, deroto force the hidden bird(s) to fly out. Theyreveounted after
settling on the open vegetation. Counting of bisds done from 0700 — 01100 GMT when most of thdsbwere
feeding. Counting was done once a week and hengeifoes in month. Birds were counted in the diys@nce of
rain or harmattan season) and wet seasons (raaspsg The total number of birds recorded was cladmn a
monthly basis. Bird nest were not counted, sinagas impossible to establish the type and numbéiiros co-
habitating a nest. A pair of Bushnell Falconbinacsilwith a 10 x 50 mm dimension was used to obshkins
located beyond 20 m distance for morphologicaluie=t like colour and structure of the beak, colwuil feather,
colour of feathers around the neck, colour of thachfeathers and the presence of comb-like feafBesws Birds of
Ghana Galleries [32].
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Fig.1: Map of the study areas, showing the locatioof the wetlands in the floodplains of the White
Volta River catchment, Northern Region
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2.2:Environmental assessment

Four environmental drivers of change were assemsgsncluded: bushfire, erosion intensity, grazimgnsity and
farming activities. A land disturbance index sc@t®l) was used to estimate the intensity of impatithese
environmental drivers of change on the wetlands(fiag activities, grazing intensity, erosion andkhdire) [33].
Assessment of the area disturbed was carried dhtnal.2 km radius starting from the hydric deliteshzone of
the wetland. This is because all land use actwidigsessed were observed within this radius faligwsi preliminary
survey of the wetlands. The LDI is computed as Lareh of wetland disturbed over the total aredefWhittaker
plot (1000 n) multiplied by 100% as shown below:

LDI=L4 x 100
T

where

LDl is land disturbance indexis land area disturbed by farming activities, gngzintensity, erosion and bush fire
T, = Total area of the Whittaker plot.LDI scores wassigned as follows: 1-20% = 1, 21-40% = 2, 41-603061-
80 = 4 and 81-100% = 5. A score of 1 is interpretedess disturbed, 2-3 as moderately disturbediemds highly
disturbed.

2.3: Statistical analysis
A Canonical correspondence analysis (CCA) was peed to determine the influence of environmentalets of
change on variations on bird diversity, abundance spatial distribution [34], using two analytigahckages-
Environmental community analysis version 1.4 (EC&#é¢) [35]. Shannon-Weiner index was performed to
determine the current status of bird community cositipn. Shannon-Weiner index equation expressed as

s
H' = - pi (Inpi) [36].

i=1

Where s is the number of species and Pi is theoptiop of individuals or the abundance of the ifrecies
expressed as a proportion of the total cover and b natural logarithm [36]. Species evennessiligton was
evaluated using Pielou evenness index (J) expressed

J=H/nS

Where H is the diversity index, S is species numdned In is natural logarithm [37]. Species ricrmegas
quantified using Margalef’s index (D) for speciehness expressed as:

D = (S-1)/In N [38].A one-way ANOVA was applied test whether bird diversity, evenness and spe@iésess
differed significantly from one wetland to the athasing SPSS version 16.0. Kruskal-Wallis tess wpplied to
test the differences in the mean of the diversitek.

RESULTS

A total of 1, 169 individual birds from 25 speciegre identified and counted during the wet seasdrile 885
individuals from 23 species were observed in thesgason (Fig.2, Table 1). Of the 25 species col2#4 species
(96.2%) were classified as List concern (LC), usihg IUCN ‘Red List’ database guide (Table 1). Thalow
weaver bird Ploceousmegarhrynchusvas only the species classified as vulnerable)(shd represented 3.8%.
This species was restricted to thorny tréeiphusabyssinidaand some tufted and rough edge grasses such as
Deplachnefuscalong the banks of Nabogo forested and the Bumgginan-made wetlands. All bird species were
classified into 21 bird group, of which waderscfies and pigeon and doves, had two species eadifield under
them (Table 1). Cattle egreBybulcus ibiy was the single most abundant species in the astam while Marsh
warbler Acrocephaluspalustrjsvas the single most abundant species in thealtyan (Table 1). Comparing all the
four wetland classes in both seasons, the shallase anarshes of Wuntori and Tugu supported thatgse number
of birds followed by the riparian wetlands (Adaydind Nabogo) (Fig. 2). Birds population in the threarshes
(Tugu, Wuntori and Kukobila wetlands) and the twparian wetlands substantially differed in both s
(p<0.05) whereas species in artificial wetland (§lung) did not vary significantly (p>0.05).
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Fig.2: Comparison of bird population and distribution patternamong the different wetland
classesin both wet and dry seasons

Table 1: List of bird species detected and their atus, with respect to the IUCN global Red list' database. The status abbreviations are as
follows: Least concern (LC); Vulnerable (VU); Threaened (T); Near threatened (NT); Critical (CR); Extinct (EX)

Family Scientific name Bird group Common name IUNatus
Jacanidae Actohilormis Africana Coots African jacana LC
Anatidae Nettatusauritus Bitterns and herons African pygme-goose LC
Lybiidae Lybiusdubius Woodpeckers Bearded barbet LC
Columbidae Turturabyssinicus Pigeons and doves Black-billed dove LC
Malaconotidae Tchagraaustralis Shricks Black-crown tchagra LC
Charadriidae Vanellustectus Plovers and lampings Black headed plover LC
Ardeidae Bubulcus ibis Bitterns and heron Cattle egret LC
Nectariniidae  Anthreptescollaris Tree creepers Collared sunbird LC
Phasianidae Pternistisbicalcaratus Pheasants and patridgesDouble spurred francolin ~ LC
Muscicapidae = Musicapagambagae Flycatchers Gambaga flycatcher LC
Falconidae Falco biarmicus Falcons Lanner falcon LC
Meropidae Meropspusillus Bee eaters Little bee eater LC
Acrocephalidae Acrocephaluspalustris Warblers Marsh warbler LC
Ploceidae Euplectesfranciscanus Finches Northern red bishop LC
Bucerotidae Tockuserythrorhynchus  Hornbills Northern red hornbill LC
Alcedinidae Cerylerudis Kingfishers Pied kingfisher LC
Ploceidae Queleaquelea Weavers Red-billed quelea LC
Certhiidae Salpornisspilonotus Tree creepers Spotted creeper LC
Ardeidae Areodeolarolloides Waders Squacco heron LC
Columbidae Streptopeliavinacea Pigeons and doves Vineceous dove LC
Sturnidae Cinnyricinclusleucogaster Terns Violet backed stirling LC
Musophagidae Criniferpiscator Touracos Western gray plantain eaterLC
Ciconiidae Ciconiaepiscopus Waders Wooly necked stock LC
Accipitridae Milvusaegyptius Swallows Yellow-billed kite LC
Ploceidae Ploceousmegarhrynchus Finches Yellow weaver bird VU

Mean number of birds in each line transect per, plmiged between 2.0£0.5 to 11.6%2.8 in the wes@eand
2.2+0.5 to 9.6+4.4 in the dry season (Fig. 3). Ngbwetland registered the highest mean numberrds lger plot
while Bunglung artificial wetland was the leastamted in the wet season. Overall, mean bird ditseisithe wet
season (H'= 1.361+0.14 and 1.75%0.13) was sigmfigahigher than that of the dry season (H'= 1.24#0and
1.56+0.07) F = 4.101; p<0.05) (Fig. 3). Bird diversity geneyafbllowed their evenness distribution among the
wetlands, with some slight variations (Kruskal-Wi&ltest, p=0.297) (Figs.4&5). Comparatively, thershas
(Wuntori and Kukobila) were more diverse in the wet= 1.75+0.13) and dry (H'= 1.56+0.07) seasons
respectively than the riparian wetlands (Nabogo-#.67+0.08 wet; H'= 1.52+0.04 dry) (Figure 4). Howge, the
riparian wetlands (e.g., Nabogo) were more spedis (D= 1.96+0.25) than the marshes (e.g., Wuribori
1.87+0.29). The artificial wetland (Bunglung) wagtieast in diversity (H'= 1.57+0.09 wet, H'= 1.3614 dry) and
species rich (1.36+0.18) (Figs.4 &6).
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Fig. 6: Comparison of bird richness in the sixwetlads in wet and dry seasons

Relationship between environmental factors and hgsemblage

Canonical correspondence analysis (CCA) diagranwstiothat bird diversity and abundance were generall
influenced by farming practices, bushfires and igiamtensity although the level of impact variestleen the wet
and dry seasons (Figs. 7 and 8). Although farmiregtires was a common activity within the catchmathe
wetlands in the wet season, the situation was reevere and widespread within 100 m radius in thiicsal
wetland, with almost 90% of the fertile lands owdtied. Birds that were identified in these farméatspwere less
diverse, low in abundance and sensitive to disnres. Examples included: black-billed doVeirturabyssinicul
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marsh warblerAcrocephaluspalustr) and the yellow weaver birdPloceousmegarhrynch) compared with birds
found in the remaining five wetlands. Heavily grdzglots in Wuntori ancTugu shallow marsls, with severe
animal trampling supported high abundance of birds like the Afriggygmegoose Nettapusaurituy collard

sunbird Anthreptescollaris African jacana Actophilornisafricanus Pied kingfisher Ceryle rudi3 and the
Squacco heromreodeolaolloides) (Fig. 7).

Bushfire was the key humadee factor that consistently influenced bird popioia and diversity in the two riparic
wetlands in the dry and wet seasons, and a fevs ptothe Tugu shallow marsh. Observedchy conditions
brought about by previously and recent burnt a(eashe purposes of farm clearing and charcoatipetion) were
more extensive in Adayili and Nabogo forested wetkathan tin Tugu wetland. This disturbance scenaiher
attracted dierse birds such as Little bee eatMeropspusilluy Yellow weaver bird Ploceousmegarhrynchys
Spooted creepeiSalpornisspilonott), Northern red hornbill Tockuserythrorhynchlisand Western gray plante
eater Criniferpiscatol) to these wetlands, spite of the narm ranges that were createFig. 7). Majority of
species not captured in the ordination diagramstewdetected in habitats with average conditionsthef
environmental factors evaluatedumulative percentage variance of the sp—envronment relationship (axis |

5.54 and axis Il = 10.39) explained 15.93% of thaation in the weighted averages of the 25 spenieslation tc
three environmental variables in the wet seasorble 2a). The rather weak correlation between sp-

ervironmental factors in the first three axes (r 430, r = 0.523 and r = 0.320) reflected in the hitiversity
registered in the wet season (TeaBa)

Evmnmesl Ao 1

Farmeg mehites. Cambags Beaicher
Sutiifre Edack-blle cove k.
;\\ 1
LB bes eser ™~
-
D \'\\\ '._ i L1
- ) Sracrafetetey
Vel wegsier bird . WUMT 2
Ugrgh wartier Sty
o "~ . e Jacana J—— 1
pr TN o
¢ \ . -
F, i B 4 ]'&Jru‘bh'\ I __H_'___,_:-—""ﬂ_ 2
H - “* ¥ piar : y =TI LT § g
-4 A I 2 bl L]
ED ] ARG . 3 4 d O :
i ¥ KU3 L] Colard sutied
B uok N RS T*.“"J m&mgﬂi-!hﬁid v}_ Colard b :
: Wil s S muien :
§ ] Y ey LU g a5 #
L3 R . = Hah A
g iispiern Grlry Fatarpg L} ' B Lr:i’ “ Fca pyye-jooss '
g Voiet bacied sirieg ekl 5]
1]
s Dewbie.spumed Fascoln
Wichy-nectesd siock ]
1]
Beanas bartat
a

Spedausampies A |

Fig. 7: Canonical correspondence analysis (CCA) ondation diagram, showing the relationship betwen
environmental variables and bird species across th&x wetlands, in the wet season. The red circlespresen
sample plots, the green squares represent bird spes and the arrows represent each of the environméal
variables plotted pointing in thedirection of maximum change of explanatory variable across the six wetlanc

The dry season saw water from the three marshekofifla, Wuntori and Tugu) and Bunglung were draine
irrigate nearby farms. Consequently, birds suct\faigan jacana Actophilornisafricanu), Lanner falcon Kalco
biarmicug, Marsh warbler &crocephaluspalustr) and Black billed doveTurturabyssinicu), were confined to the
central part of the wetlands that had isolated poblwater and vegetation (Fig. 8). Althoubirds were spatially
diverse in these wetlands, they were less abunttmtever, the population of Yellow billed kite imased in th
first 0 — 10 m and 10 20 m transect lines, where incidences of bushfis wbserved. All the three wetlands v
inherent humared disturbances (grazing intensity and farmingvaits) were spatially auto correlated in the
season (Fig. 8).

Cumulative percentage variance was explained byfitketwo axes (axis | = 8.963 and axis Il = 5.p%hd
accounted for 186% of the variation in the weighted averages ef 28 species diversity and abundance (T

25



Collins Ayine Nsor and Edward Adzesiwor Obodai Ann. Exp. Bio., 2014(2):17-30

2b). The low bird diversity recorded in the dry sem was further reflected in the strong corretatwith the
environmental factors on the first three axes ef dhthe ordination diagramm € 0.581,r = 0.644 and = 0.629)

(Fig. 8).
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Fig. 8: Canonical correspondence analysis (CCA) ondation diagram showing the relationship between erironmental
factors and bird assemblage in the six wetlands ithe dry season. Diagram description is the same asFigure 7

Table 2a: Summary of CCA axis lengths for birds, sbwing the levels of correlation between axes and @ronmental gradients,
percentage variance of species and species-enviroemh relationships

Wet season

Axisl Axis2 Axis 3
Canonical eigenvalues for bird sp. 66.1 0.143 0.078
Pearson correlation sp-env'tal scores 0.722795 0.558
Kendall rank correlation sp-env'tal scores 0.43®.523 0.320
Cumulative percentage variance 554 10.39 13.05
% variance explained 554 485 2.66
Number of sites =30
Number of species (response variables) = 25
Number of environmental variables =3

Table 2b: Summary of CCA axis lengths for birds, showing théevels ofcorrelation between axes and environmentgradients,
percentage variance of species and Species-envircgmh relationships

Dry season

Axisl  Axis2  Axis3
Canonical eigenvalues for bird species 290 0.16 0.10
Pearson correlation sp-environmental scores 0.860.65 0.61
Kendall rank correlation for sp-env’tal scores 0.58 0.64 0.63
Cumulative percentage variance 8.97 14.1 17.2
% variance explained 8.96 5.09 3.14
Number of sites 0=3

Number of species (response variables) =25
Number of environmental variables = 3

DISCUSSION

There have been reported declines in the globarsiity of habitat-specific birds and shorebird pafians, since
1980 — 2007 [39]. This decline has been linked naimber of anthropogenic factors, including potint[4], cutting
of mangrove vegetation [8] and water fluctuatioB§,[26). In this study, however, bird populationswafluenced
by farming practices, grazing intensity and bugdfirAlthough farming activities had intensified esiplly in the
wet season, bird diversity was fairly high in thetvgeason than in the dry season, thus suggebgngrésence of
food availability, stable hydrological regime, densgetation (serving as secured nesting sitesigigainting) and
the near absence of inflammable litter that cowddse bushfire. In their study on the seasonal @wiagd the
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influence of land cover on breeding birds, [40]e&led that mean values of Margalef richness, Shadiersity,
and B-diversity of birds were higher in winter than suemperiods. The authors concluded that the highnmea
values of richness and diversity could be dueritefimediate disturbance hypothesis’ leading tomedhanges in
habitat heterogeneity. It has also been obsenatdé¢sident bird species diversity was higher duviinter, both in
terms of species richness and evenness in théiibdison number than in summer, in the Comana LaRemanian
Plains [41]. The present study also observed thgesof African JacanaA¢tophilornisafricanusand Cattle egrets
(Bubulcus ibiy abundance in some of the wetlands that farming walespread in the wet season. The patchy
condition created during farming activities andvyiwasly burnt areas, could have contributed initteeease in bird
numbers.

Pre-agricultural loss of bird numbers as againsnarease in global bird populations, in the adwenagricultural
activities has been documented, with theconclusianhpoor agricultural practices rather than dgslriod habitats,
contributed in increased bird population [42]. Amxample is the Greenland white-fronted goose
(Albifronsflavirostrig whose population has increased in preferred #&nenagricultural land than in natural and
semi naturalhabitats [43].

Bird diversity indices across the six wetlands wiaidy high (H = 1.24 — 1.75), compared to similar findings ia th
Abiriw sacred grove in the Eastern Region of Gh@iia 0.011- 0.012) [12]. This points to the fact that species
may appear to be on a steady decline. It has tesealed that between 1600 and present, bird speumutionary
history has been lost at similar rates and condubat the relative rate of history loss in theufetmay continue at
a rate not less than 80% [44]. Bushfires were ansomphenomenon in Northern Region and mostly oasua
result of land clearing, hunting and charcoal psso®y. Bushfire affected the population of somédidetected in
the dry season, such as bearded bgthgtiusdubiuy and Spooted creepeBdlpornisspilonotys The presence of
fewer bearded barbet in Wuntori wetland in the weason, probably showed their sensitivity to drgisee
disturbances and habitat preference for marshyitons. The abundance of the Spooted creeper itwtheiparian
wetlands during the dry season, where bushfireg were widespread and severe, suggests their drstuftefrom
food scarce areas to places where there is readiljability of carcass from burnt rodents and atiseres, by the
use of their proximate cues. Research have indidaie population decline of honeyeaters, throught poortality
of bushfires, predation and food scarcity in Ausrawetlands; agree with similar findings in tstsidy on the low
number of Bearded barbdtypiusdubiuy and Northern Red hornbillfockuserythrorhynchiisecorded in severely
burnt wetlands [45]. However, the numbers of sonndsbsuch as Yellow-billed cattle egr&@ubulcus ibi¥ had
increased in the burnt wetlands, as they wereci¢tlato sites that were burnt. The surge in thieimdance was
probably due to the development of response cudiset@vailability of burnt and decomposed carcds dush
burn. [46] found out that only five out of 35 speiobserved, were seen in unburned sites in adBleretland and
concluded that the bird species encountered, shawetkar of fire and were rather attracted to thelsng
landscape. [47] also detected an increase in thedance of Upland SandpipeBaftramialongicaud following
burning and grazing activities. Mean bird richnegse higher in Wuntori and Kukobila wetlands agsuit of less
disturbance, whereas Tugu was least rich in wetdigdseasons because of severe impacts of grarassyre.
Grazing pressure and animal trampling has the tenydef destroying bird nest through vegetation reaho

The increase in bird density in the wet seasorhy @itorresponding increase in area of lateral migtain Nabogo
and Wuntori wetlands could be due to the adaptatiomost birds to the inherent spatial habitat fagjeneity
conditions brought about by human-led activitiesrtiermore, the corresponding increase in birdsupdér area,
suggests the importance of plot size effect on libdndance. The findings in this study, agree wsithilar

observation documented by [5]. The authors repattat higher densities of bird species were reabidesemi-
permanent wetlands in North Dakota, which theydwdiwas partly due to the effects of wetland sizehie

respective study areas.

With reference to the IUCN ‘Red List’ database (P01t was observed that the Yellow weaver bird wassidered
vulnerable (VU), thus indicating that a large numbé birds in Northern Savannah wetlands may noubder

threat. This may be attributed to the fact thatual®$% of the birds encountered, were well adapetthe patchy
habitat conditions due to disturbances as was wbdaturing the study. The VU status of the Yellowawer bird
was confirmed by their presence on the narrow rdrajstat especially along the banks of Nabogo andgBing

wetlands, wher®eplachnefuscandZiziphusabysinicglants were predominant. It is thought that thieitaéion of

the Yellow weaver bird on the rough serrated s@fatDeplachnefuscand thorny nature cZiziphusabysinica
plants (which are unpleasant when in contact wihHuman body), served as the only source of saferhfor the
birds against hunting.

In order to confirm the general habitat range sizthe Yellow weaver bird from the rest of the exxptal zones of
Ghana, an extensive survey was conducted aloniptbst and coastal zones where the birds were faesting on
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similar narrow range habitat, predominated by fea@nomic tree species like Bamboo plddrobusa vulgarjs
Kassod treeQasiasiamep coconut treeqocosnuciferd..) and Oil palm treeElaeisguineens)s Some identified
birds like Wooly-necked stork, African pygme-goosed squacco heron, indicates the importance ofhdont
wetlands as possible waterfowl habitats. But tlethe likelihood giving the current trends of hunvlad activities,
that future scenarios could see some of the biatisgorized as LC, becoming vulnerable and the Melkeaver
bird, completely extinct. Other evidence of possibisk in the future of birds reaching the critidavel of
vulnerability, is the relatively low number of sjpes (26 species) encountered in this study, condprd8 species
of water birds detected in four Coastal wetland&béna [22].

Birds and wetland habitat preference

While [5] reported that Seasonal and semi-perman@tiands provided habitat for the largest propaortof the
population of all species, the current study howef@und that the close shallow marshes suppottedhighest
number of resident birds like African Jacana andaggo heron in both seasons. Whereas the Spoaeperrand
the Northern hornbill for instance, were confinedttie swamp forested wetlands. The pied Kingfistret Cattle
egret were found in all the wetland classes, suggeshe tolerance to a wide range of habitatsdBiabitat
association may in part explain habitat preferemcethe basis of the type of food they feed andetme with which
they can have access to food resources and thelbgdral regime of wetlands. [48-48] explained thatland-
dependent birds used the availability of watehia whole of spring, as proximate cues to assitéir broad scale
selection of habitat preference. The marsh warbteferred areas with grasses and herbaceous aueesperse
with shrubs, which are suitable nesting sites camgbto riparian wetlands.

The Northern Red bishogE@plectesfranciscanlisvas not only associated marshy habitats but waés @dmmon
during wet season. This probably indicates thaireninental conditions in the wet season were faalblerfor their
survival than the dry season. The Black headedepl@vanellustectusa typical wader, was among the largest
number of species that was found in more than dfathe six wetland classes. [50] reported that 8F%vaders
were being supported in majority of Ghana’'s Coastlamds. Thus the findings in this study showed thea Black
headed plover were adapted to a broad range ofaigbirom the Savannah to Coastal ecosystemsrarmle to
habitat alteration is species-specific and vamelnie with the resilience level of wetlands totdbances. Different
wetland types such as permanent seasonal and teimmarshes exhibit varied stress tolerance to wdietl
scenarios in different seasons. Thus the long teamsformation of permanent wetland to a semi-peentor
seasonal wetland, could potentially affect the alamce of both resident and migratory birds. Thisr@menon
may be linked to simultaneous changes in hydroligiegime, reduction in food availability and destion of
nesting sites.

CONCLUSION

Generally, bird diversity and abundance were largefluenced farming activities and bushfire, aheé impacts
varied according to the season and the type ofawetl Although farming activities and bushfire enemed the
presence of some bird species, the overall impaictbese environmental determinants, negated thee afothe
disturbance scenario and hence may not be entiegmmended as conservation measure to increade bir
population and diversity. Furthermore, considerthg fact that the Yellow weaver bird was identifiad a
vulnerable species (VU) gives an indication that ¢hrrent environmental disturbances observed guha study,
could in the near future affect the population kg temaining 96.2% of birds classified presentlyeast concern
(LC).
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