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Preface

This book - Biodiversity Enrichment in a Diverse World - considered biodiversity
(plants, animals, fungi, and microbes) from three different angles: genetics, species,
and ecosystems. The relationships between them are complex and it looks at these
aspects from different angles and also various interventions at different levels. The
scientific approach of the book demonstrates that the three levels are closely inter-
connected and action is therefore needed to conserve and protect the systems if the
benefits provided to human life will continue to be available. However, conservation
of the biological diversity is essentially an umbrella term for traditional species,
relationship to human health, ecosystem conservation and the need to manage the
human use of the species and ecosystems in a sustainable way.

Gbolagade Akeem Lameed
University of Ibadan,
Nigeria
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Chapter 1

Floral and Avifaunal Diversity of Thol Lake
Wildlife (Bird) Sanctuary of Gujarat State, India

Jessica P. Karia

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/50073

1. Introduction

Wetlands are the ecotonal or transitional zones between terrestrial and aquatic ecosystems
where the water table is usually at or near the surface of the land, which is covered by the
shallow water (Mitsch & Gosselink, 1986). Due to these characteristics, wetlands provide
opportunities for adaptations to different plant and animal species with high diversity of
life-forms. Thus wetlands are among the most biologically diverse and productive
ecosystems on earth. Wetlands can further be classified by one or more of the following
attributes: (a) at least periodically, the land supports hydrophytes, (b) the substrate is
predominantly undrained hydric soil, and (c) the substrate is saturated with water or
covered by shallow water at some time during the growing season each year.

As per the convention on Wetlands of International importance (RAMSAR) (1971) — Article
1.1: wetlands are “Areas of marsh, fen, and peat land or water whether natural or artificial,
permanent or temporary with water, that is static or flowing, fresh, brackish or salt
including areas of marine water the depth of which does not exceed 6 meters.” Also
according to Article 2.1: "[Wetlands] may incorporate riparian and coastal zones adjacent to
the wetlands, and islands or bodies of marine water deeper than six meters at low tide lying
within the wetlands".

The values of the World’s wetlands are increasingly receiving due attention as they
contribute to a healthy environment in many ways. They help to retain water during dry
periods, thus keeping the water-table high and relatively stable. During periods of flooding,
they act to reduce flood levels and to trap suspended solids and nutrients directly flowing
into the lakes. The removal of such wetland ecosystems because of urbanization or other
factors typically causes lake water quality to worsen. In addition, wetlands are important
feeding, breeding, and drinking area for wildlife and provide a stopping place and refuge
for waterfowl. As with any natural habitat, wetlands are important in supporting species
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4 Biodiversity Enrichment in a Diverse World

diversity and have a complex and important food web. The recent millennium assessment of
ecosystems puts freshwater biodiversity as the most threatened of all types of biodiversity.

The interaction of man with wetlands during the last few decades has been of concern
largely due to the rapid population growth, accompanied by intensified industrial,
commercial and residential development. Thereby leading to pollution of wetlands by
domestic, industrial sewage, and agricultural run-offs as fertilizers, insecticides and feedlot
wastes. The fact that wetland values are overlooked has resulted in threat to the source of
these benefits. Apart from the above the absence of reliable and updated information and
data on extent of wetlands, their conservation values and socioeconomic importance has
greatly hampered development of policy, legislation and administrative interventions by the
state.

Fortunately in the recent years, the wetlands have received a good deal of attention. It really
started with the conference held in Ramsar in Iran in 1971 where the first listing of wetlands
of international importance was made and the contracting parties agreed to take necessary
steps to safeguard these wetlands for posterity. India, as one of the original signatories, has
made impressive efforts in initiating work for conservation and management of wetlands.

2. Indian scenario

India by its unique geographical position and with its annual rainfall of over 130 cm, and its
varied terrain, and climate ranging from the cold arid of Ladakh to the warm arid of
Rajasthan, with a cost line of over 7500 km, with its major river systems and lofty mountain
ranges has, no wonder, a wealth of wetlands.

In addition to the various types of natural wetlands, a large number of man-made wetlands
also contribute to the faunal and floral diversity. These man-made wetlands, which have
resulted from the needs of irrigation, water supply, electricity, fisheries and flood control,
are substantial in numbers. The various reservoirs, shallow ponds and numerous tanks
support wetland biodiversity and add to the countries wetland wealth.

It is estimated that freshwater wetlands alone support 20 per cent of the known range of
biodiversity in India (Deepa & Ramachandra, 1999). Wetlands in India occupy 58.2 million
hectares, including area under wet paddy cultivation (Directory of Indian Wetlands).

Of about 35 Protected Areas (PAs) of India, which have been specifically notified for bird
conservation, seven are in Gujarat (Grimmett et al. 1998). The State also falls within the
Indus flyway a route that extents along the Indus valley from Pakistan to northwest India.
This flyway is highly used by birds migrating from their breeding grounds in the Palearctic
realm (Grimmett et al. 1998). The World Conservation Union (IUCN), International Wetland
and Waterfowl Research Bureau (IWRB) and Birdlife International have rated this passage
as the fourth major bird migration flyway in the world (Grimmett et al. 1998).

Gujarat is the State where the wetlands cover 27.1 lakhs hectares, a sizable area out of the
total geographical area of the State. Of the total wetland area, inland wetlands cover 7.7%
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and coastal wetland covers 92.3%. In coastal wetlands maximum area is under tidal
flats/mud flats and the main contribution is from Great and Little Rann of Kachchh i.e.
1,930,581 ha. Analysis of the natural and man-made categories of wetlands indicate that, of
the coastal wetlands, only 1.83% (mainly salt pans) is man-made, while in case of inland
wetlands man-made wetlands account for 76.39% area.

Thol is one such man-made inland wetland situated in Mehsana district which is one of the
top food grain producing districts in Gujarat (Anno. 1975). This marks the presence of well
developed irrigation system consisting of wells and irrigation tanks. Thol water body is
irrigation tank originally constructed in 1912 by the Gayekwadi State Rulers, built to
prevent erosion and flooding and to store rainwater for irrigation purpose (Vaghela, 1993).
Initially the area was declared as “Game Reserve” vides Government notification dated 29th
May 1986 by Forest and Environment Department. Later on, due to its popularity amongst
the bird fraternity, the area was notified as Bird Sanctuary through the notification GVN-53-
88-WLP-1386-162-V.2 dated 18th November, 1988 under Section 18 of Wildlife (Protection)
Act, 1972 (Anno. 2001).

Thol lake Wildlife Sanctuary which is now known as Thol Bird Sanctuary (TBS), as a part of
conservation and management of Thol wetlands the biodiversity was studied to implement
the Action Plan of Thol lake wildlife (Bird) sanctuary. This information will be
comprehensive for preparing the management plan of the Sanctuary.

3. Study area

Thol Bird Sanctuary is situated in Mehsana district of Gujarat state, India between 23° 15’ to
23° 30" N latitudes and 72° 30" to 72° 45" E longitude. It is a shallow water reservoir situated
25 km northwest of Ahmedabad and most popular birding place near Ahmedabad from Nal
Sarovar Bird Sanctuary which is about 50 km away. Geographically, Thol Wildlife Sanctuary
falls in the Kadi taluka of Mehsana district, North Gujarat region. Kadi taluka is head
quarter of the district which is just 22 km away from the Sanctuary (Figure 1).

3.1. Salient features

Thol water body occupies a total area of 699 ha (6.99 sq.km.) and its periphery is 5.62 km
long. Thol wetland catchment area is spread within six villages i.e. Thol, Jethlaj, Adhana,
Vayana, Chandanpura, Jhaloda, which spreads 55.95 sq.km. It has well-developed canal
based irrigation system. There are four head regulators at the water body to control the flow
of water. The canals and their distributaries / sub-distributaries are about 19.97 km long.

The catchment area of the water body which covers 320 sq.km is located to its north and
north-east so the spread is from Kadi taluka of Mehsana district and Kalol taluka of
Gandhinagar district. These areas have seven small or big industrial areas they are, Karoli,
Saij, Wamaj, Kalol, Chhatral, Indrad and Rajpur (Information from INDEXTb, Industrial
Extension Bureau, Gandhinagar). Water finds its way through a number of canals draining
into the feeder canal located on the north to northeastern sides of the water body. Water is
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received through Eastern canal, Saij-Hajipur canal, Irana-Indrad-Wamaj canal, Hajipur-Piyaj
canal, Eastern feeder at Saghan drain, and Jaspur canal at Thol water body.

Map Showing Study Area
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Figure 1.

In addition to the feeder canal, the water body receives run-off water directly from the
catchment area. Before the feeder canal reaches the manmade wetland, there is a diversion,
which is known as waste weir and is employed to control the volume of water in the water
body. If the level of water reaches beyond 9 ft., the water is diverted to waste weir. Waste
weir drains into a canal, which runs along the eastern boundary of the Thol pond/tank to
reach Nalsarovar Bird Sanctuary located southwest of Thol Bird Sanctuary. Thol and
Nalsarovar Bird Sanctuary are thus connected with each other.

There are no villages and settlements inside the sanctuary. Majority of the population is
engaged in farming either as landholders or labourers. Also there are oil wells belonging to
the public sector company Oil and Natural Gas Commission (ONGC) within the sanctuary
area. There are total 21 number of wells among which 13 are functional. Polymer injection
wells are 3 in number and Chase water wells are 5 in number. The total oil production from
Thol area wells is 102 tpd.

3.2. Geology

Geologically, it is a part of the alluvial plain of recent age. The soil is clayey to sandy clay.
There are no hard rock outcrops in and around the sanctuary.
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3.3. Climate

Thol area experiences three distinct seasons namely winter (November to February),
summer (April to May) and monsoon (June to September). Months of October and March
mark the transition period from monsoon to winter and winter to summer respectively. The
pond receives rainfall from July to September through the southwest monsoon. Old records
for Mehsana district in general (Anno., 1975), as well as rainfall data of previous years at TS
indicate that the rainfall is highly erratic and ranging from 189 to 786 mm.

4. Methodology
4.1. Land use / Cover studies

The methodology employed for preparation of Land use and land cover map included:

e Data collection

o Interpretation of satellite data
¢  Ground truth study

¢  Final map preparation

4.1.1. Data collection

¢  Downloading of Satellite imagery using the licensed software, Google Earth Pro having
high resolution (<1.0m) data.

e Topographical maps as base map.

¢ Quick reconnaissance survey of the study area to get a feel of the entire ground area
which can aid in the preliminary interpretation of the data.

4.1.2. Interpretation of satellite data

The downloaded satellite imagery was imported to Arc GIS 9.3 software and georeferencing
of the imagery was done by registering it to the SOI maps through identification of common
points between the map and the image. Considering the basic elements of interpretation
such as tone, size, shape, texture, pattern, location, association, shadow, aspect and
resolution, along with ground truth and ancillary information collected during the
preliminary reconnaissance survey the interpretation was accomplished.

4.1.3. Ground truth study

A detailed ground truth was carried out to check the discrepancy of the interpreted data. It
comprises of data collection of ground features along with the respective geographical
position in terms of latitudes and longitudes.

4.1.4. Final map preparation

The interpreted file was then projected with Universal Transverse Mercator, which is
universally followed projection system. The proportional presence of different land uses and

7
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land cover in terms of statistical percentages was derived for the study area. Appropriate
legends were used to represent the various categories of land use and land cover, and were
then written on the prepared land use and land cover maps. Based on interpreted map floral
and faunal sampling site was selected so that the entire area will be covered.

4.2. Vegetation cover

The phyto-sociological studies were carried out using quadrant method with in terrestrial
vegetation covered region. Quadrate plots were laid in triplicate at each selected locations.
Density, frequency, abundance and dominance and their relative values were calculated
along with IVI values (Ambasht, 1990). The basal area was calculated by formula using
diameter at breast height (Ravindranath & Premnath, 1997). Secondary analyses like
different indices were calculated using this primary data (Odum, 1983).

The lower side of embankment had species diversity within this area the phytosociological
studies were done. The grass cover region along the sanctuary boundary and on the beyts
was surveyed and the herbs growing in this region was enlisted. The enlisting of the aquatic
floral species like floating, emergent and submerged species had also been done.

4.3. Avifaunal studies

Avifaunal diversity studies sampling location was decided based on the water level and
distribution as seen from interpreted satellite data. Observations were done by conducting
field visits at regular intervals. Field works were conducted during winter season by visiting
the place thrice in a season mainly from 0600 hr to 1200 hrs in the morning. The
observations were recorded using field binocular (Pentax 10x50) and identified on basis of
standard field guides like Grimmett et al. 1998, Salim Ali, 2002. This was done for both
waterfowls and surrounding terrestrial birds. The bird diversity was classified according to
its Order & Family, and their migratory statuses were noted.

4.4. Correlation between bird diversity & macrophytes

The relationship of the availability of bird diversity and macrophytes growing in the area was
studied using statistical correlation method. The number of bird diversity distributed between
the six sampling location and the available macrophytes diversity was documented.

5. Results

5.1. Land use / Cover studies

Visual interpretation of satellite data categorized area into five classes, they are shallow and
deep water covered area, among terrestrial area it had been classified as vegetation cover,
scrub land and agriculture land (Figure 2). The major portion of the sanctuary geographical
area is covered by scrub land i.e. 36 per cent followed by 27 per cent of agricultural land.
The category wise percentage area is as given in Table 1.
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Figure 2.

Sr. No. Class Area (%)
1 Shallow water 15.08
2 Deep water 6.36
3 Vegetation Cover 15.69
4 Scrub 36.06
5 Agriculture 26.81

Table 1. Land use/cover Area Statistics of TBS

Each category is specific on its own as described below.

a. Shallow water: It could be delineated based on the light tone on the satellite data.
Shallow water region was having less than 1 foot, as correlated on the ground. This was
on the western side of the sanctuary boundary.

b. Deep water: It had dark coloured tone and smooth texture on the satellite data by which
it was delineated as deep water. This was water filled region having more than 2 feet, as
correlated on the ground. Its was on the western region or the corner of the sanctuary

area.

c. Vegetation Cover: This was only 15 per cent of the area. This category will be described
in details in following section.

d. Scrub: Most of the sanctuary area was covered by scrub, it is described as area coverage
with less than 10 % of the canopy density (FSI, 2011) i.e. with scattered tree species and
undergrowth dominated area.
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e. Agriculture: This was delineated based on the square patterns as seen on the data. The
major crop grown in the region was Wheat, Juwar, and Bajra with water source as
canal, bore or rainfed.

5.2. Vegetation cover

According to the vegetation map prepared using the satellite image of the Thol bird
sanctuary area. There are three main patches of terrestrial vegetation first towards the
Bhimasan village, on the north-east region along the water inlet to the Thol water body and
lower side of the embankment. The vegetation towards the Bhimasan village was of
monoculture type i.e. the plantation of Acacia nilotica, done by forest department. On the
north east region along the water flow there was dominance of Ipomoea fistula and Acacia
nilotica (Baval) vegetation. Lower side of the embankment had comparatively more species
diversity where the phyto-sociological studies where done. Apart from this there were some
patches of terrestrial vegetation which was again dominated by the planted species Acacia
nilotica (Baval).

Phytosociological studies in the mixed vegetation type on the southern side of the sanctuary
area showed presence of few species only. The highest abundance was of the Acacia nilotica
(Baval) plantlet and its tree species had the highest IVI which showed that there was good
regeneration of this species (Table 2). The understorey vegetation in this region was very

less.
Sr. No. Species Abundance IVI
1 Acacia nilotica 9.5 187.50
2 Acacia planifrons 2 22.80
3 Zizyphus mauritiana 2 19.67
4 Azadirachta indica 2 21.02

Table 2. Plant Species Status in Mixed Vegetation

The index calculated from the field data showed the dominance index to be greater than 0.5
indicating that one or two species contribute very highly in the community. Also from the high
evenness index it could be judged that there is even distribution of the species (Table 3).

Index Value

Simpson Dominance Index 0.67
Shannon-Wiener Diversity Index 1.03
Evenness Index 1.12
Species Richness Index 0.83

Table 3. Vegetation indices estimated from Mixed Vegetation
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Along with this the enlisting of the species diversity within the sanctuary boundary was
done, which showed the presence of 88 plant species (Annexure 1, see Appendix). It
includes herbs, shrubs, grasses and hydrophytes species. There were in all 12 floating,
emergent and submerged hydrophytes species.

5.3. Avifaunal diversity

Bird diversity recorded from Thol during present study were 144 in number out of it 76 are
waterfowl rest are terrestrial birds (Annexure 2, see Appendix). The enlisted birds within
the sanctuary area had 9 no. of rare and endangered species according to the Red Data Book
(Table 4).

Within waterfowl] there are members from 21 families and the family Anatidae had the most
members i.e. 15, followed by Ardeidae having 11 members rest of the family have less then
10 members. This indicates that the ducks and geese are the dominating species, followed by
herons, egrets and bitterns. Anatidae family members are mostly resident migratory or
migratory species, only Comb duck is resident species. Resident migratory species are five
i.e. Mallard, spot billed duck, bar headed goose, white eyed pochard and ruddy shelduck.

Terrestrial birds also had members from 21 numbers of families, and the Accipitridae family
had highest number i.e. 10 members, followed by Cornidae having 9 members. These shows
the dominating diversity within terrestrial area surrounding the water body are shikara,
kite, eagle, vulture, buzzard, osprey and besra.

The statistics of residential status of species indicates that within aquatic birds diversity the
highest number of species are resident-migratory i.e. 40 % while there are 33 % of resident
species and 27 % of the migratory species. While within terrestrial birds species highest is of
resident species having as high as 76 %, next is resident-migratory species of 21 % and just 3
% of migratory species.

Sr.No. Scientific name Common name Migratory Status| Threatened Birds
1 | Anhinga melanogaster Oriental Darter RM NT
2 | Mycteria leucocephala Painted Stork R NT
3 | Phoenicopterus minor Lesser Flamingo RM NT
4 | Aythya nyroca White-eyed Pochard RM NT
5 | Threskiornis melanocephalus | Oriental White Ibis R NT
6 | Grus antigone Sarus Crane R \%
7 | Aquila heliaca Imperial Eagle RM \Y
8 | Aquila clanga Greater Spotted Eagle RM \
9 | Pelecanus philippensis Spotbilled Pelican RM Vv

NT - Near Threatened, V — Vulnerable, R — Residant, M — Migratory, RM- Resident-Migratory.

Table 4. List of Threatened Birds in Thol Bird Sanctuary

11
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The habitat requirement of the waterfowl inhabiting in Thol were studied. The details are as
given in the Annexure 3. The foremost requirement is that of the open water both deep and
shallow waters, in terms of percentage 47 % of birds which includes all the members of the
dominating family Anatidae this habitat was used. Birds inhabiting in the muddy habitats are
22 % this includes some heron & egret, plovers, godwit, greenshank and sandpiper. Thereafter
16 % of the birds require emergent vegetation habitat, followed by 7 % shoreland, 6%
agriculture and fallow land and 3 % of wooded area. Among the agriculture & fallow land
habitat the dominating species is Sarus crane which comes under the vulnerable status.
Among this there are overlapping of the use of habitat as per the birds resting, roosting and
foraging habits.

5.4. Correlation between bird diversity & macrophytes

It has been observed that there was lot of variation in the floral and faunal diversity within
selected six locations (Table 5). The sampling locations were selected based on the difference
in the availability of water and the congregation of birds found in the region and the
accessibility of the region. The sampling location P6 had presence of more floral diversity
and location P1 had more of bird diversity.

Sample Location Longitude Latitude Remarks Ma.c ropl.lyte .Blrd_
No. Diversity | Diversity
P1 Towards 72°23'44.6”E | 23°08'34.7”N | Shallow water 4 27
Bhimasan nearly half foot
village
P2 Check Post 72°23'35.0”E | 23°08'25.8”N | Deep water 2 17
side around 2 feet
P3 Middle region| 72°23'55.2”E | 23°08'26.0”N | Shallow water 2 15
P4 Camp site 72°24’09.0”E | 23°08'09.7”N | Muddy Area, no 2 16
disturbance
P5 Towards 72°24'50.3”E | 23°07'52.6”N | Emergent 4 11
Jetlaj village Vegetation in
pockets
P6 Towards 72°24'41.0"E | 23°08'13.6"N | Small ponds of 6 23
ONGC well water, gets
No. 30 flooded during
monsoons, less
biotic disturbance

Table 5. Floral and Faunal Diversity

6. Discussion
6.1. Land use / Cover studies

Land use and land cover classification is an essential prerequisite for any management
operation as it is a direct indicator of the ecology of the area. This is particularly important
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to identify what kind of habitats in relation to the water level is formed and to find out habitat
preferences of various species of waterfowl. Habitat is the natural home of any living form,
may be an animal or a plant. Mc Farland (1980) suggested that birds respond to a summation
of many factors and habitat selection thus, has some variability within a species. According to
him a. characteristics of the terrain, b. nesting, feeding and drinking sites, c. food availability,
d. other animals, are important factors influencing habitat selection. Therefore, identification of
various habitat types are important factors influencing habitat selection.

The statistics reveals that there is more availability of shallow water habitat which in due
course of time will be muddy region once water gets dried out. This study is very dynamic,
thereby changes the types of birds visiting the wetlands. Also the availability water depends
on the rainfall and the irrigation system. So this study needs to be conducted along with the
bird census on regular basis.

6.2. Vegetation analyses

Macrophytes occurring in the area clearly indicate habitats and condition prevailing in the
area of its occurrence. The habitat in the study area is mostly muddy and also it is saline, as
indicated by sediment analysis (GEC, 2009).

Submerged rooted aquatic vegetation in Thol water body was of Vallisneria spiralis found
near the Bhimasan village site and Hydrilla verticillata on the south eastern side near the
ONGC well no. 30. The Najas graminea was found to be grown in abundant with Hydrilla
verticillata and the Potamogeton sp. in the waters of Narmada Canal reaching TBS. Also on the
sedges of the Narmada canal water there was growth of emergent hydrophyte Typha sp.,
and floating Paspalum sp. This indicates the presence of nutrients content in the Narmada
canal water. While in sanctuary area waters such abundant growth of submerged
hydrophytes was not seen. The bed of Thol water body was covered with the grass Cynodon
dactylon (Darba) and the free-floating hydrophyte Ipomea aquatic (Nala ni Vel) on the south-
western corner of the sanctuary. Cynodon dactylon (Darba) shows salt tolerance capacity and
at the same time these are nutritious and palatable species. Rooted floating weeds Nelumbo
lutea (Kamal) was seen to cover the small portion of the water body. On the check post side
of the pond the growth of grass on the sedge was seen that of Eragrostis sp. Thus the reeds
and sedges provide resting, rooting or nesting habitat for many species apart from
providing an excellent cover, too many birds which take shelter in such habitats. In the
middle portion of the sanctuary area from northern side, which is less disturbed site had the
presence of free floating Lemna (Kaye) sp. on the edge the Amarantheceae member herb
Alternanthera sessilis.

On the small bets, there appear mostly abundant Ipomoen fistulosa and in others bets Acacia
nilotica (Desi baval) tree. On the other side of the waterbody i.e. on south eastern side near
the ONGC well no. 30, there along with Acacia nilotica, Parkinsonia accuminata was found.
These trees are extensively used by egrets, black ibis, crows, doves etc. for roosting. They are
also used for nesting by crows, doves etc.

13
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It was observed that on the south eastern side near the ONGC well no. 30 there appears reed
meadow sedge, a seral stage where due to siltation, sedges, grasses grow abundantly. These
include Cyperus sp. which play an important role of air circulation in the lake, as they are
hollow and possess aerenchymous tissues. They help in gaseous exchanges of carbon
dioxide and oxygen, which are thus made available to the submerged species. Also there
was growth of Polygonum sp. on the sedges in this area. Emergent Scirpus sp. was also found
in this region on the sedges, it has advantage to inhibit soil erosion and provide habitat for
other wildlife. The plant rhizomes have medicinal value. So in this area we find diversity of
macrophytes indicating the quality of water in Thol wetlands.

Major part of the Thol wetland sanctuary area is covered with scrub area. In this area there
was sparse distribution of Acacia nilotica tree and the mesquite Prosopis juliflora (Gando baval)
most of which are of shrubby appearance, seldom attaining a height of more that 5 meters. The
ground is covered with grass Cynodon dactylon (Darba) and few herb species. The Xanthium
strumarium (Gadariyu) an abnoxius weed appears at places along the shore and on some bets,
which is indicative of excessive grazing in the area. This can be confirmed by the field survey
in the area. The scrub area had more growth of herbs like the Grangea maderaspatan (zinki
mundi), Coldenia procumbens (basario okharad), and Glinus lotoides (mitho okharad).

Among the tree species growing on the boundary of the Sanctuary were Azadirachta indica
(Limdo), Cordia myxa (Gunda) and Ailanthus excelsa (Maharukh), etc. Apart from this on the
southern boundary of the sanctuary area the natural vegetation grows where
phytosociological parameters were studied. Micro level vegetational studies carried out
aided to bring out sharp differences in the vegetation of these areas.

Each of the species within the community has a large measure of its structural and
functional individualism and has more or less different ecological amplitude and modality
(Singh and Joshi, 1979). This requires the understanding of the phytosociological status of
each species within a community. Importance Value Index is a measure of plant status
which brings out the overall role of a plant in a community (Ambasth, 1990). The study of
phyto-sociology along with floristic composition proves useful in comparison of species
from season to season and year to year (Singh, 1976). The study of vegetation its spatial
distribution and analyses, and on field study indicates that the anthropogenic pressure had
resulted in decrease in the undergrowth of the area. This would increases the possibility of
the environmental stress i.e. soil erosion. This area shows the dominance of Acacia nilotica
(Desi baval) with highest IVI of 187.5 and the dominance index. With the changing
environmental conditions, the vegetation may reflect changes in structure, density and
composition as observed by Gaur, (1982). The high evenness index shows the even
distribution of vegetation in the community. It could be found out from survey that there is
decrease in the undergrowth since it gets subjected to more anthropogenic pressure.

6.3. Avifaunal diversity

Bird communities are often referred as an ideal indicator to monitor the ecological condition
of any wetlands as they impact on all the trophic levels of an aquatic ecosystem. On the
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other hand aquatic ecosystems have significant impact on migratory birds. Birds carry out,
diverse ranges of ecological functions among vertebrates. As consumers, they help regulate
populations of smaller animals they prey upon, disperse plant seeds, and pollinate flowering
plants. As prey items, birds and bird eggs are consumed by a variety of larger predators.

Birds also benefit humans by providing important ecosystem services such as regulating
services by scavenging carcasses and waste, by controlling population of invertebrates and
vertebrate pests, by pollinating and dispersing the seeds of plants; and supporting services
by cycling nutrients (Croll et.al., 2005) and by contributing to soil formation (Post, 1998).

There are two birds which has been identified as flagship specis for Thol wetlands, being
fresh water ecosystem, they are Sarus Crane (Grus antigone) and Osprey (Pandion haliaetus)
since they represent the present ecosystem which is in need of conservation. They are
distinctive in order to engender support and acknowledgement from the public.

e  Sarus Crane (Grus antigone)

Sarus Crane is a large crane that is a resident breeding bird with disjunct populations that
are found in parts of the Indian Subcontinent, Southeast Asia and Australia. Having height
up to 1.8m, it is tallest of the flying birds; they are conspicuous and iconic species of open
marshlands. As a species, the Sarus crane is classified as vulnerable this means that the
global population has declined by about a third since 1980, and is expected to continue to do
so until the late 2010. Estimates of the global population suggest that the population in 2000
was at best about 10% and at the worst just 2.5% of the numbers that existed in 1850
(BirdLife International, 2001). Unlike many cranes which make long migrations, the Sarus
Crane does not; they may however make short-distance dispersal movements in response
to rain or dry weather conditions. They tend to be more gregarious in the non-breeding
season.

e Osprey (Pandion haliaetus)

Ospreys are sometimes known as the sea hawk, it is a large raptor, reaching 60 centimeters
(24 in) in length with a 1.8 meter (6 ft) wingspan, is a resident-migratory species. They are
widespread during winters in Indian Union, Bangladesh; Pakistan; Sri Lanka; Myanmar.
Ospreys are diurnal, fish eating hawk, they flies up and down over the water scanning the
surface for any fish coming up within striking depth.

Thol waterbody and surrounding area is most suitable habitat for Sarus, it can be
appreciated from records that large number of Sarus congregations were seen. It has
presence of over 50 birds feeding in the farmlands neighboring Thol, as late as 1998; the
Sarus has remained the integral part of the avifauna of this territory (Singh & Tatu, 2000).

This shows that type of habitat is very important for wetland dependent species. Different
species have different set of adaptations due to which they require certain types of habitats
only. In case there is habitat loss in breeding areas it may directly result in loss of birds. Also
the habitat is species specific and birds differ according to the habitat availability. Thus, the
foremost requirement is identification of habitats in relation to various species of waterfowl.
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TBS have variety of habitat which attracts many birds to the area. It was observed that
dominating family Anatidae is having members like ducks and geese using open water
habitat both deep and shallow. Thus the high usage of open water habitat explains why
number of birds decrease with changes in the water spread and its level. Vijayan (1991) also
reported preference of open water habitat over other categories by waterfowl at Keoladeo
National Park. Anatidae group could truly be regarded as an indicator of the quality of
habitat. As they depend on TBS for foraging, resting as well as roasting. Almost 60 per cent
of Anatid members present are migratory and some species like the Whistling duck and
Spot billed duck are potential breeders at TBS (GEER, 2002). Wetland could also be acting as
a staging and dispersal area for the migrant ducks, which first arrive there and later spread
to other smaller water bodies.

The migratory birds which come to TBS are coming mostly from northern and central Asia,
Siberia and Europe or locally from Himalayas so their path is mostly north, north-east or
north-west direction of TBS.

A total of 144 birds’ species including 76 waterfowl and 68 terrestrial birds had been
recorded at TBS during the study. The species diversity of waterfowl is similar to as
recorded by Patel and Dharaiya, 2008 as 77 species. Species diversity was compared with
other wetlands falling in semi-arid region like Wild Ass Sanctuary (Little Rann of Kachchh)
and Nal Sarovar Bird Sanctuary. At Wild Ass Sanctuary (a seasonal fresh cum saline water
protected wetland) Singh et al. (1999) had recorded 100 species of waterfowl (including
wagtails and oriental pratincole) belonging to 18 families (as per old nomenclature). At Nal
Sarovar Bird Sanctuary, Singh (1998) recorded about 113 waterfowl species. While Patel and
Dharaiya in 2008 recorded 50 species of waterfowl. If we consider the area coverage Wild
Ass Sanctuary is spread within 4953 sq. km., Nal Sarovar Bird Sanctuary spread within
120.82 sq. km. and TBS within 6.99 sq. km., if area is considered species diversity of TBS can
be regarded remarkable.

The earlier study reveals that Nal Sarovar Bird Sanctuary which is just 50 km away, have
high vegetation and faunal diversity compared to TBS (Patel, et al. 2006) due to different
physical and hydrological configuration of largest natural fresh water reservoir. TBS and Nal
Sarovar Bird Sanctuary are the valuable wetlands for migratory bird species. Moreover it can
be also said that the Thol lake is more favored by the wetland obligatory birds. Since the study
reveals that comparatively Nal Sarovar sanctuary had high disturbance score which indicates
less healthy wetland for bird integrity than that of the TBS (Patel and Dharaiya, 2008). It was
observed that towards the southwest direction of TBS is Nal Sarovar Bird Sanctuary, which is
known to be one of the richest food crop (mainly paddy) growing areas, so there is continuous
movement of birds between TBS and agricultural areas. This makes the birds visiting nearby
village tanks and water bodies, which needs to be surveyed.

Thol has privilege of sustaining nine near threatened and vulnerable species. As reported by
Chase et.al. (2000), presence of individual species may serve as indicator of the overall
species composition of birds, but it may say less about the species richness, so the focus
should be given to a diverse suite of the range of species representative for conservation
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purpose. The efforts should go in the line to conserve the threatened and lower risk species
so that the population should not come down and they become extinct in near future. As per
the red data guidelines they should be conserved when their populations are still healthy,
before they become genetically impoverished and their populations gets fragmented. Out of
nine vulnerable and near threatened species six are resident migratory species, and rests are
resident species. Two species like eastern imperial eagle and greater spotted eagle are
terrestrial birds and they are birds of prey.

6.4. Correlation between bird diversity & macrophytes

The enlisting of the bird diversity and availability of macrophytes in the region was
subjected to statistical correlation which shows that there is positive correlation with 86 per
cent of variance is related.

6.5. Avifaunal population trend in thol bird sanctuary

Avifaunal density trend was studied from the year 2000 to 2008. The year 2000 data was
from the GEER foundation report 2002 while 2004 data was of Forest department; this was
the first census of Thol bird sanctuary. Remaining two census data were taken of the year
2006 and 2008 conducted by Forest department. The trend changes in the population density
of the birds found in the Thol bird sanctuary is as given in the table 6.

Sr. No. Group of Species 2000 | 2004* | 2006* | 2008*
1 Grebes 0 2 40 3
2 Pelicans 120 4 321 750
3 Cormorants & Darters 0 830 942 482
4 Herons & Egrets 1 479 485 210
5 Storks 4 83 236 95
6 Ibises & Spoonbills 19 768 183 5099
7 Flamingos 2 0 273 205
8 Geese & Ducks 419 1753 5599 7671
9 Cranes 525 380 664 1651
10 Reas, Crakes, Gallinules & Coots 0 21 943 552
11 Jacanas 0 0 0 0
12 Shorebirds & Waders 188| 13839 8140 8120
13 Gulls, Terns & Skimmers 1 199 143 234
14 Kingfishers 0 10 15 25
15 Wagtails & Pipits 2 0 0 53
16 Eagles & Harriers 0 4 7 15
17 Total 1281 18372| 17991| 25165
# GEER, (2002), * Forest Department Census

Table 6. Comparative Account of Birds Population (2000 to 2008)
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It has been observed that over the years, there is increase in the population of the Pelicans,
with sudden decrease in the year 2004. This growth can be attributed to the availability of
the food; Pelicans mainly depend on the fish for food. It can be concluded that the forest
department initiative of releasing fresh water fishes to the wetland was fruitful. Thus it
could attract the migratory species to Thol wetlands.

The group Ibises & Spoonbill also shows the increase from just 19 numbers in year 2000 to
5,099 in the year 2008. The increase in population change of nil in year 2000 to 4,876 in year
2008 of Glossy ibis i.e. shore birds. The Gloosy Ibis requires the muddy habitat and they
depend mainly on benthos for food. Thus over the years there is improvement of the food
and availability of muddy habitat had increased Glossy ibis population. While, there is
decrease in population of Eurasian spoonbill from 661 in 2004 to 187 in 2008. So it could be
inferred that as there is habitat changes in the wetland ecosystem bird population
changes. Reason could be that there is shift from water availability to muddy habitat
availability.

Geese and Ducks group which had maximum diversity in Thol wetlands also shows the
increasing trend from 2000 to 2008. This could is due to the increase in population of the
migratory species Common teal to 4,769 in 2008. They are dependent on benthos as well as
vegetation matter for food and require shallow water habitat.

Whereas the group Shorebirds & Waders shows the decreasing trend from highest of 13,839
in 2004 to 8,120 in 2008. This is largely because of decrease in migratory species Ruff from
13,345 (2004) to 5455 (2008), which is being compensated by the increase in population of
Black tailed Godwit from 4 (2000) to 2,156 (2008). Ruffs are sporting birds they take larger
quantities of weed seeds (Ali, 2002). Due to regulated supply of water for irrigation and
developmental activities there is decrease in the agricultural fields and the availability of
food for the species so there is negative change in the Ruff population. This year, Ruff
species are not even noted, since as per the regulations due to construction work going on,
the water supply was restricted causing the negligible population availability. This
information was obtained from the forest officials of Thol wetlands.

Thus from the above discussion it can be concluded that due to adopted management
practices there was overall increase in bird population of 1,281 (2000) to 25,165 (2008). But,
definitely there was an overall change in the habitat causing the birds population to change
accordingly. If we correlate the population of birds with the rainfall of the region it also had
the increasing trend from 232 mm in 2000 to 786 mm in 2008 (Table 7). Rainfall in the year
2006 was slightly more as compared with 2008, but there was decrease in total bird
population. This is probably due to favorable conditions prevailing in other wetlands also of
the State during that period.

Looking at the avifaunal diversity it can be concluded that the Thol is the valuable wetlands
for migratory bird species and it is more favored by the wetland obligatory birds because at
Thol there is less human disturbance.
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Sr. No. Year Rainfall (mm)
1 2008 - 2009 473
2 2007 - 2008 786
3 2006 - 2007 659
4 2005 - 2006 855
5 2004 - 2005 582
6 2003 - 2004 662
7 2002 - 2003 203
8 2001 - 2002 500
9 2000 - 2001 189
10 1999 - 2000 232

Table 7. Decadal Change In Rainfall Data of Thol.

7. Conclusion

TBS is important wetland of the western region as variety of migratory birds visit this
wetland during winters. The study had identified the potential of TBS as an internationally
important wetland due to species richness and home for nine near threatened and
vulnerable species including endangered Sarus Crane, having pre-breeding congregations
and nesting grounds.

It has been observed that though TBS is facing less human disturbance in comparison to Nal
Sarovar Bird Sanctuary, there are certain threats if not controlled may increase. The foremost
being the location of ONGC oil well within the sanctuary boundary and catchment area. It
should be monitored regularly to check for oil spills or leaks as oil spills could be a threat for
birds. Also the major portion of the sanctuary area is covered by agricultural region which is
given to local people for cultivation at a meager rate. This activity causes disturbance to the
birds. The withdrawal of water for irrigation which is through supply canals in command
area and lift irrigation causes pressure to the wetland ecosystem.

Another major pressure on the Thol Bird Sanctuary is due to livestock population. Livestock of
five peripheral villages as well as those belonging to the pastoral people from Kachchh and
Saurashtra visit this area for grazing in scrub lands and for drinking water. The grazing
pressure was confirmed by the field visit and the type of species growing in the region. The
livestock includes goats, sheep, cows, buffaloes and camel which causes disturbance to birds.
The forest department should manage TBS taking into consideration the mentioned threats.

Thus the present study has shown the importance of carrying out such a study on regular
basis so as to monitor the changes of dynamic ecosystem due to concomitant changes in
water regime at TBS. The study had a limited scope owing to its short span and was
conceived only to document bird diversity. It is being suggested to carry out movement and
dispersal pattern of migratory waterfowl. This can be extended to the neighboring villages’
tank and water bodies which would enhance our knowledge about these winged visitors.
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Appendix
Sr. No. Scientific Name Vernacular Name

Family: Mimosaceae

1 Acacia auriculiformis Pardeshi baval

2 Acacia tomentosa Aniyar

3 Acacia nilotica ssp. indica Baval

4 Acacia farnesiana Talbaval

5 Acacia planifrons

6 Albizzia lebeck Siras

7 Prosopis cineraria Khijado

8 Prosopis glandulosa Gandobaval

9 Prosopis juliflora Gandobaval

10 Pithecellobium dulce Goras ambli
Family: Malvaceae

11 Abutilon indica Kanski
Family: Simaroubaceae

12 Ailanthus excelsa Maharukh
Family: Amaranthaceae

13 Alternanthera sessilis
Family: Meliaceae

14 Azadirachta indica Limdo

15 Melia azadirach Bakan limdo
Family: Ceasalpiniaceae

16 Bauhinia racemosa Asotri

17 Cassia auriculata Aval

18 Cassia fistula Garmalo

19 Cassia italica Mindhi Aval

20 Cassia occidentalis Kasundri

21 Cassia siamea Kassod

22 Cassia javanica renigera Pink cassia

23 Cassia tora Kuvandio

24 Delonix regia Gulmohar

25 Tamarindus indica Ambli
Family: Balanitaceae

26 Balanites aegyptiaca Ingorio
Family: Papilionaceae

27 Butea monosperma Khakhro
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Sr. No. Scientific Name Vernacular Name
28 Crotalaria burhia Kharshan
29 Derris indica Karanj
30 Indigofera oblongifolia Zil, Ziladi
Family: Poaceae

31 Cynodon dactylon Darba

32 Cenchrus ciliaris Shukli

33 Dicanthium annulatum Jinjavo

34 Eragrostis sp. -

35 Dactyolactelum aegypticum
Family: Cyperaceae

36 Scirpus sp.

37 Cyperus sp. -
Family: Capparaceae

38 Capparis decidua Kerdo

39 Capparis sepiara Kanther
Family: Asclepiadaceae

40 Calotropis procera Nano akado

41 Calotropis gigantea Akdo
Family: Verbenaceae

42 Clerodendron multiflorum Arani
Family: Boraginaceae

43 Coldenia procumbens Basario Okharad

44 Heliotropium indicum Hathisundho

45 Cordia myxa Gunda
Family: Menispermaceae

46 Cocculus hirsutus Patalagarudi
Family: Solanaceae

47 Datura metal Dholo Dhanturo

48 Solanum xanthocarpum -
Family: Euphorbiaceae

49 Euphorbia hirta Dudheli

50 Euphorbia nivulia Thor

51 Euphorbia obiculata -

52 Phyllanthus reticulata Kamboi

53 Ricinus communis Castor
Family: Moraceae

54 Ficus benghalensis Vad

55 Ficus religiosa Peepal
Family: Asteraceae

56 Grangea maderaspatana Zinki Mundi

57 Launaea procumbens Moti Bhonpatri

58 Xanthium strumarium Gadariyu
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Sr. No. Scientific Name Vernacular Name

Family: Molluginaceae

59 Glinus lotoides Mitho Okharad
Family: Ulmaceae

60 Holoptelea integrifolia Kanjo
Family: Sterculiaceae

61 Helicteris isora Maradiya
Family: Hydrocharitaceae

62 Hydrilla verticilliata -

63 Vallisneria natans -
Family:Convolvulaceae

64 Ipomoea fistulosa Naffatiyu

65 Ipomoea aquatica Nada ni Vel
Family:Lemnaceae

66 Lemna sp. Kaye
Family: Sapotaceae

67 Madhuca indica Mahudo
Family: Anacardiaceae

68 Mangifera indica Keri
Family: Celastraceae

69 Maytenus emarginata Vicklo
Family: Moringaceae

70 Moringa oliefera Saragavo
Family: Najadaceae

71 Najas graminea -
Family: Nelumbonaceae

72 Nelumbo lutea Kamal
Family: Rubiaceae

73 Oldenlandia sp. -
Family: Fabaceae

74 Parkinsonia floridum
Family: Potamogetonaceae

75 Potamogeton sp.
Family: Annonaceae

76 Polyalthia longifolia Asopalav
Family: Polygonaceae

77 Polygonum plebeium -

78 Polygonum glabrum -
Family: Salvadoraceae

79 Salvadora persica Piludi

80 Salvadora olioedis Pilu
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Sr. No. Scientific Name Vernacular Name

Family: Verbenaceae

81 Tectona grandis Sag
Family: Zygophyllaceae

82 Tribulus terrestris Bethu Gokhru
Family: Typhaceae

83 Typha angustata
Family: Rhamnaceae

84 Zizyphus mauritiana Bordi

85 Zizyphus nummularia Chani Bor

Annexure 1. List of Vegetation (Aquatic & Terrestrial) Recorded in Thol Bird Sanctuary

S Scientific name Common name Migrator Food Habits
No. y Status
AQUATIC BIRDS
Order: Anseriformes
Family: Anatidae
1 |Anas acuta Northern Pintail M Aquatic plants,grains, insects,
tadpoles etc.
2 |Anas clypeata Northern M  |Water insects, snails, planktons,
Shoveler fish spawn.
3 |Anas crecca Common Teal M Chiefly vegetable matter, insects,
crustaceans etc
4 |Anas penelope Eurasian Wigeon| M |Largerly vegetarian
5 |Anas platyrhynchos Mallard RM  |Largerly vegetarian
6 |Anas poecilorhyncha Spot billed Duck| RM |Chiefly vegetable matter
7 |Anas querquedula Garganey M |Largerly vegetarian
8 |Anas strepera Gadwall M  |Largerly vegetarian
9 |Anser anser Greylag Goose M Vegeterian, winter crops, grass,
aquatic weeds
10 |Anser indicus Bar-headed RM  |Chiefly green shoots of winter
Goose crops - wheat/gram
11 |Aythya ferina Common M  |Vegetable matter, insects,
Pochard molluscs, small fish etc
12 |Aythya nyroca White-eyed RM  |Vegetable matter, insects,
Pochard molluscs, small fish etc
13 |Sarkidiornis melanotos ~ |Comb Duck R Grain, shoots vegetable matter
14 |Tadorna ferruginea Ruddy Shelduck| RM |Vegetable matter, insects,
molluscs, small fish etc
15 |Tadorna tadorna Common M Ominivorous, molluscs, algae,
Shelduck seeds etc.
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Sr. Scientific name Common name Migrator Food Habits
No. y Status
Family:
Dendrocygnidae
16 |Dendrocygna javanica  |Lesser Whistling R Largerly vegetarian - shoots and
Duck grain.

Family: Anhingidae

17 |Anhinga melanogaster ~ |Oriental Darter RM |Fish
Family: Ardeidae
18 |Ardea cinerea Grey Heron RM
19 |Ardea purpurea Purple Heron RM  |Fish, Frogs, snakes etc.
20 |Ardeola grayii Indian Pond R Frogs, fish, crabs and insects
Heron
21 |Bubulcus ibis Cattle Egret R Chiefly grasshoppers, blue bottle
flies,lizards, fish etc
22 |Casmerodius albus Great Egret RM  |Fish, Frogs,etc.
23 |Egretta garzetta Little Egret R Insects, fish, frogs etc.
24 |Egretta gularis Western Reef RM  |Mainly crustaceans, molluscs and
Egret fish
25 |Ixobrychus minutus Little Bittern RM  |Fish, molluscs etc.
26 |Ixobrychus sinensis Yellow Bittern RM  |Fish, frogs, molluscs etc.
27 |Mesophoyx intermedia  |Intermediate RM  |Fish, frogs etc.
Egret
28 |Nycticorax nycticorax Black crowned R Crabs, fish, frogs, aquatic insects,
Night Heron etc.
Family: Charadriidae
29 |Charadrius alexandrinus |Kentish Plover RM |Insects and crustacea
30 |Charadrius dubius Little Ringed RM [Insects, sand-hoppers, tiny crabs,
Plover etc.
31 |Vanellus indicus Red wattled R Insects, grubs, molluscs, etc.
Lapwing
32 |Vanellus leucurus White tailed M  |Aquatic insects and other
Lapwing vertebrates
33 |Vanellus malabaricus Yellow wattled R Insects, grubs, molluscs, etc.
Lapwing
34 |Calidris minuta Little Stint M  |Tiny insects, crustaceans and
molluscs.
Family:
Recurvirostridae
35 |Himantopus himantopus |Black winged RM  |Worms, molluscs, aquatic insects,
Stilt etc.
36 |Recurvirostra avosetta  |Pied Avocet RM  |Worms, aquatic insects and small

crustacea, etc.
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S Scientific name Common name Migrator Food Habits
No. y Status
Family: Ciconiidae
37 |Anastomus oscitans Asian Openbill R Frogs,crabs, large insects and
other small living things.
38 |Ciconia episcopus Woolly necked R Fish. Frogs. Reptiles, crabs,
Stork molluscs, large insects, etc.
39 |Mycteria leucocephala  |Painted Stork R Fish, frogs and snakes.
Family: Jacanidae
40 |Metopidius indicus Bronze Winged R Seeds, roots, etc., aquatic plants,
Jacana insects and molluscs
41 |Hydrophasianus Pheasant-tailed R Seeds, roots, etc., aquatic plants,
chirurgus Jacana insects and molluscs
Family: Laridae
42 |Chlidonias hybridus Whiskered Tern RM  |Tiny fishes, tadpoles, crabs,
grasshoppers and insects.
43 |Sterna albifrons Little Tern R Small fish, crustaceans, insects.
44 |Sterna aurantia River Tern R Fish, crustaceans, tadpoles and
water insects.
Family: Pelecanidae
45 |Pelecanus philippensis  |Spotbilled RM  |Fish
Pelican
46 |Pelecanus crispus Bruch |Great White M |Fish, crustaceans
Pelican
Family:
Phalacrocoracidae
47 |Phalacrocorax carbo Great Cormorantf RM  |Almost exclusively fish
48 |Phalacrocorax fuscicollis |Indian RM  |Almost exclusively fish
Cormorant
49 |Phalacrocorax niger Little Cormorant| RM  |Exclusively fish
Family:
Phoenicopteridae
50 |Phoenicopterus ruber Greater RM  |Crustaceans, worms, insect larvae,
Flamingo seeds of marsh plants.
51 |Phoenicopterus minor ~ |Lesser Flamingo| RM |Phytoplankton (algae, diatoms,
etc.)
Family: Podicipedidae
52 |Tachybaptus ruficollis  |Little Grebe RM  |Aquatic insects and larvae,
tadpoles, etc.
Family: Scolopacidae
53 |Limosa limosa Black tailed M Worms, molluscs,crabs, insects.
Godwit
54 |Limosa lapponica Bar-tailed Marine invertebrates, insects.

Godwit
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S Scientific name Common name Migrator Food Habits
No. y Status
55 |Tringa glareola Wood Sandpiper M Insects, larvae, worms and
molluscs.
56 |Tringa hypoleucos Common RM  |Insects, worms , molluscs.
Sandpiper
57 |Tringa nebularia Common M  |Insects and other invertebratres,
Greenshank tadpoles, frogs.
58 |Tringa ochropus Green Sandpiper M
59 |Tringa stagnatilis Marsh M |Insects, invertebrates and small
Sandpiper frogs.
Family:
Threskiornithidae
60 |Platalea leucorodia Eurasian RM |Tadpoles, frogs, molluscs, insects
Spoonbill and vegetable matter
61 |Plegadis falcinellus Glossy Ibis RM  |[Molluscs, crustaceans, insects, etc.
62 |Pseudibis papillosa Red-naped/Black| R Insects, grain and small reptiles.
Ibis
63 |Threskiornis Oriental White R Tadpoles, frogs, molluscs, insects
melanocephalus Ibis and vegetable matter
Order: Coraciiformes
Family: Alcedinidae
64 |Alcedo atthis Small Blue R Small fish, tadpoles and aquatic
Kingfisher insects.
Family: Cerylidae
65 |Ceryle rudis Pied Kingfisher R Fish, tadpoles, frogs and aquatic
insects.
Family: Dacelonidae
66 |Halcyon smyrnensis White-breasted R Fish, tadpoles, lizard,
Kingfisher grasshoppers and other insects
Order: Gruiformes
Family: Gruidae
67 |Grus antigone Sarus Crane R Grain, shoots and other vegetable
matter, insects, reptiles.
68 |Grus grus Common Crane M  |Largerly vegetarian, tubers, grain,
insects and small reptiles
69 |Grus virgo Demoiselle
Crane
Family: Rallidae
70 |Amaurornis akool Brown Crake R
71 |Amaurornis phoenicurus |White-breasted R Insects, worms, molluscs, grain,
Waterhen etc.
72 \Fulica atra Common Coot RM  |Grass and Paddy shoots, aquatic
weeds, insects, etc.
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S Scientific name Common name Migrator Food Habits
No. y Status
73 |Gallicrex cinerea Watercock R Largely vegetarin - seeds and
green shoots of rice etc.
74 |Gallinula chloropus Common RM  |Insects, worms, molluscs, grain,
Moorhen etc.
75 |Porphyrio porphyrio Purple R Shoots and vegetable matter,
Swamphen/Moo insects and molluscs.
rhen
Family: Accipitridae
(Or.Ciconiformese)
76 |Circus aeruginosus Western Marsh M Frogs, fish small birds, mammals
Harrier and carrion.
TERRESTRIAL BIRDS
Order: Apodiformes
Family: Apodidae
77 |Apus nipalensis House Swift RM  |Chiefly dipterous insects.
78 |Cypsiurus balasiensis Asian Palm- R Tiny winged insects.
Swift
Order: Ciconiiformes
Family: Accipitridae
79 |Accipiter badius Shikra R Lizards, mice, squirrels, birds etc.
80 |Accipiter virgatus Besra R Largely small birds, mice, bats,
lizards and insects.
81 |Aquila heliaca Imperial Eagle RM  |Rodents, ground dwelling birds,
reptiles, etc.
82 |Aquila clanga Greater Spotted RM  |Frogs, waterfowl, small birds, etc.
Eagle
83 |Elanus caeruleus Black- R Locusts, crickets, mice, lizards,etc.
shouldered Kite
84 |\Milvus migrans Black Kite R Offal and garbage, earthworms,
mice, lizards etc.
85 |Neophron percnopterus  |Egyptian RM  |Animal carcasses and freshwater
Vulture turtles.
86 |Pandion haliaetus Osprey RM  |Fish
87 |Pernis ptilorhyncus Oriental Honey- RM  |Honeybee larvae, small birds,
buzzard reptiles, frogs etc.
88 |Spilornis cheela Crested Serpent- R Frogs, lizards, rats, snakes,etc.
Eagle
Order: Columbiformes
Family: Columbidae
89 |Columba livia Rock Pigeon R Cereals, pulses, groundnuts,etc.
90 |Streptopelia chinensis Spotted Dove R
91 |Streptopelia decaocto Eurasian R
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Sr.

Migrator

Dove

Scientific name Common name Food Habits
No. y Status
Collared-Dove
92 |Streptopelia orientalis Oriental Turtle- RM  |Paddy, cereals, bamboo and grass

seeds.

93 |Streptopelia tranquebarica|Red Collared- R
Dove
94 |Treron phoenicoptera Yellow-footed R Fruits and berries.
Green-Pigeon
Order: Coraciiformes
Family: Coraciidae
95 |Coracias benghalensis Indian Roller R Insects,
96 |Merops orientalis Little Green Bee- R Insects, chiefly diptera and
eater hymenoptera
97 |Centropus sinensis Greater Coucal R caterpillars, large insects, snails,
lizards young mice etc.
Family: Cuculidae
98 |Cuculus micropterus Indian Cuckoo RM  |Mainly caterpillars, insects, etc.
99 |Eudynamys scolopacea  |Asian Koel R Largely fruits and berries,
caterpillars and insects.
Family: Phasianidae
100|Coturnix coturnix Common Quail RM  |Grain and grass seeds, termites,
etc.
101|Francolinus pictus Painted R Grain, grass seeds, green shoots,
Francolin white ants and insects.
102 |Francolinus Grey Francolin R Grain, seeds, termites , beetle
pondicerianus larvae, etc.
103 |Pavo cristatus Indian Peafowl R Grain, Vegetable shoots, insects,
lizards, snakes, etc.
Order: Passeriformes
Family: Aegithalidae
104|Aegithalos leucogenys ~ |White-cheeked R
Tit
Family: Alaudidae
105|Eremopterix grisea Ashy-crowned R Seeds and insects.
Sparrow-Lark
106 |Eremopterix nigriceps Black-crowned R
Sparrow-Lark
Family: Cisticolidae
107 |Prinia inornata Plain Prinia R Insects, caterpillars, ants, small
beetles,etc.
108 |Prinia socialis Ashy Prinia R Insects.
Family: Corvidae
109|Aegithina tiphia Common lora R Insects, their eggs and larvae.
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Sr.

Scientific name

Common name

Migrator
y Status

Food Habits

110

Corvus splendens

House Crow

R

Offal, dead sewe rat, kitchen
scraps and refuse, termitesetc

111|Dendrocitta vagabunda  |Rufous Treepie R Fruits, insects, lizards, frogs,
centipedes etc.
112|Dicrurus leucophaeus Ashy Drongo RM  |Mainly insects, occasionally
reptiles,and small birds.
113|Dicrurus macrocercus Black Drongo R Insects, flower nectar, occasionally
small birds.
114|Garrulus glandarius Eurasian Jay R
115|Pericrocotus Small Minivet R Insects and their larvae.
cinnamomeus
116 |Rhipidura albicollis White-throated R
Fantail
117|Rhipidura aureola White-browed R Insects, chiefly diptera and
Fantail hemiptera.
Family: Hirundinidae
118|Delichon urbica Northern House-{f RM  |Midges and other insects.
Martin
119|Hirundo smithii Wire-tailed R Midges
Swallow
Family: Laniidae
120|Lanius vittatus Bay-backed R Locusts,lizards , large insects, etc.
Shrike
Family: Muscicapidae
121|Copsychus saularis Oriental Magpie-| R Insects, flower nectar of Salmalia
Robin and Erythrina.
122|Saxicoloides fulicata Indian Robin R Insects and their eggs, spiders, etc.
Family: Nectariniidae
123 |Nectarinia asiatica Purple Sunbird R Insects and spiders, very largely
flower nectar.
Family: Passeridae
124|Anthus campestris Tawny Pipit RM
125|Anthus rufulus Paddyfield Pipit R Weev and other small insects
126|Lonchura striata White-rumped R Grass seeds, etc.
Munia
127|Motacilla cinerea Grey Wagtail M |Tiny insects.
128|Motacilla flava Yellow Wagtail RM |Insects, spiders and invertebrates,
etc.
129|Passer domesticus House Sparrow R Grains, insects, fruit buds, flower
nectar, etc.
Family: Pycnonotidae
130|Pycnonotus cafer Red-vented R Insects, fruits and berries, peas
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S Scientific name Common name Migrator Food Habits
No. y Status
Bulbul and vegetables etc.
131|Pycnonotus leucotis White-eared R Kitchen scraps, berries of peelu
Bulbul and wild caper.
Family: Sturnidae
132|Acridotheres ginginianus |Bank Myna R Grasshoppers and other insects.
133 |Acridotheres tristis Common Myna R Fruits, insects, kitchen scraps, etc.
134|Sturnus pagodarum Brahminy R Chiefly berries, wild figs and
Starling insects.
135|Sturnus roseus Rosy Starling M Locusts, berries, nectar of
Salmalia, etc.
Family: Sylviidae
136|Acrocephalus Great Reed
arundinaceus Warbler
137|Orthotomus sutorius Common R Tiny insects, their eggs and grubs,
Tailorbird flower nectar.
138|Turdoides caudatus Common R Insects, berries, grain and flower
Babbler nectar.
139|Turdoides earlei Striated Babbler R Insects, snails and some vegetable
matter.
140|Turdoides malcolmi Large Grey R Insects, berries, grain and flower
Babbler nectar.
141|Turdoides striatus Jungle Babbler R Spiders, cockaroaches, insects and
their larvae grain, etc.
Order: Psittaciformes
Family: Psittacidae
142 |Psittacula krameri Rose ringed R Ripening fruits, standing crops of
parakeet maize and jowar.
Order: Strigiformes
Family: Strigidae
143 |Athene brama Spotted Owlet R Chiefly beetle and other insects,
mice, lizards, etc.
Order: Upupiformes
Family: Upupidae
144|Upupa epops Eurasian RM [Insects, grubs and pupae.
Hoopoe

Annexure 2. List of Aquatic & Terrestrial Birds in Thol Bird Sanctuary
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Chapter 2

Species-Diversity Utilization of
Salt Lick Sites at Borgu Sector of
Kainji Lake National Park, Nigeria
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Additional information is available at the end of the chapter
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1. Introduction

Mineral elements occur in the living tissues or soil in either large or small quantities. Those
that occur in large quantities are called macro/major elements while those that occur in
small quantities are called micro/minor/trace elements. These macro elements are required
in large amount and the micro are required in small amount (Underwood, 1977, Alloway,
1990,) They occur in the tissues of plants and animals in varied concentrations. The
magnitude of this concentration varies greatly among different living organisms and part of
the organisms (W.B.E, 1995).

Although most of the naturally occurring mineral elements are found in the animal tissues,
many are present merely because they are constituents of the animal’s food and may not
have essential function in the metabolism of the animals. Hence essential mineral elements
refer to as mineral elements are those which had been proven to have a metabolic role in the
body (McDonald, 1987). The essential minerals elements are necessary to life for work such
as enzyme and hormone metabolisms (W.B.E, 1995). Enzymes are activated by trace
elements known as metallo enzymes (Mertz, 1996). Ingestion or uptake of minerals that are
deficient, inbalanced, or excessively high in a particular mineral element induces changes in
the functions, activities, or concentration of that element in the body tissue or fluids.
Biochemical defects develop, physiological functions are affected and structural disorder
may arise and death may occur under the circumstances (Pethes, 1980).

The influence of wildlife management with the goal of maintaining wildlife population and
the entire biodiversity at maximum level and maximum ecosystem utilization depend
heavily on the knowledge of mineral elements in the nutrients requirement of animals
(Mertz, 1976).

© 2012 Lameed and Adetola, licensee InTech. This is an open access chapter distributed under the terms of
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2. Salt lick/mineral lick

Salt licks are deposit of mineral salts used by animals to supplement their nutrition,
ensuring enough minerals in their diets. A wide assortment of animals, primarily herbivores
use salt licks to get essential nutrients like calcium magnesium, sodium and zinc. Salt licks
are natural mineral which are mineral outcrops in the soil which are visited by herbivores
for soil eating (biting and chewing) or licking (with tongue). They also supplement mineral
that are deficient in animal vegetable diets (Ayeni, 1972).

Animals regularly visit licks in the ecosystem which are composed of primarily common salt
(sodium chloride). It provides sodium, calcium, iron, phosphorus etc (Ayeni, 1972). Salt licks
occur naturally in certain locations in the forest where mineral salt are found on the ground
surface.

Shortage of sodium in the plants which are eaten by wildlife could motivate the game to eat
a lot of soil at the lick (Ayeni, 1972). The shortage is as a result of water soluble sodium salts
being leached out during heavy rain following long period of desiccation. Some plants even
substitute potassium ions for sodium ions uptake from soil without showing mineral
deficiency symptom (Buckman and Brandy 1960). Many plants are also rich in sodium and
potassium, example are; Acacia elatoir (Brenan), Achyranthes aspera (L), Calyptotheca premna
resinosa (Hochst) and Salvadora persica (L) and Echolium amplexicaule (Moore).

Functions of licks change during rainy seasons to those of natural water holes from which
wildlife drank and wallowed. Some animals prefer using the drinking holes example are
Buffalo and water-buck, but some still eat the soil lick mineral as well as drinking the lick
example, warthog and hartebeest.

When salt lick appears, animals may travel to reach it, the lick become a sort of rally points
where lots of wildlife can be observed. The concentration of animals in the area becomes
visible, game viewing and photographing for tourist are improved in the area, animal
studies and census conduction are also improved.

In an ecosystem, salt lick provides sodium calcium, iron, phosphorus and zinc required in
the spring time for bones, muscles and growth for the wildlife. All trace elements like
copper, magnesium and cobalt are retain in the salt lick for the metabolism of most
mammals. Salt licks are used for hunting purposes by the animals.

Salt lick with a wide range of animals illustrate the ways in which wildlife naturally seek out
nutrition which is essential to their survival. It provides nutrition for predicators in the form
of conveniently located prey who may be distracted by the salt lick long enough to become a
snack.

3. Species utilization of salt lick

The following species of wildlife usually utilized salt licks in Nigeria; Elephant (Loxodonta
africana), Buffalo (Syncerus caffer), Western hartebeest (Alcelaphus buselaphus), Roan antelope
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(Hippotragus equimus), water buck (kobus defessa), Kob (kobus kob), Bushbuck (Tragelaphus
scriptus), Oribi (Ourebi ourebi), Red flanked duiker (Cephalophus rufilatus), Grimm’s duikers
(Sylvicapra grimmia), Warthog (Phacochoerus aethiopicus) and Baboon (Papio Anubis). The
following game species were also observed in east Africa to use salt licks: rhino (Diceros
bicornis) Zebra (Equus burchelli) Impala (Aepycenus melampus), Water buck (Kobns
ellipsiprymus), Eland (Taurotragus oryx).

4. Activities of animals using salt lick

Salt licks are used predominantly in the day. Different species used salt licks at different
period of the day. Buffalo and Warthog used lick mainly in the morning and afternoon. The
shapes of the animal mouths determine the method by which salt licks material is obtained
and ingested. Elephant and Warthog dig up the licks content using their tusks and lift up
large licks materials with the trunk, whereas baboon used their hands to pick up and throw
small pieces into the mouth. Hartbeest cut fresh lick materials by biting deeper into the
craters with the incisors while water-buck, buffalo, roan, duiker, oribi and bush buck lick up
the powdered lick material with the tongue.

Salt lick is found in abundance in the game reserves that are situated in the drier habitats in
Northern Nigeria. Henshaw and Ayeni (1971) postulated that abundance and use of salt
licks by wildlife indicates nutritional deficiencies caused by degrading environment or over-
population or both. Examples are in the case of Yankari where ten licks are located within
11km along the Gaji River and the frequency of occurrence and intensity of use is very high.

5. Problems of salt licks in game reserved

Three problems have been noticed by the presence of salt lick in the game reserves; soil
removal, vegetation destruction and spread of disease (Woodley, personal communication).
Over 5000 tons of soils are removed annually. The soil is lost through wallowing, eating or
licking and trampling. The areas around the salt lick are always trampled by hoof action,
overgrazing and devoid of vegetation cover. Since many or so much drinking, urination,
defecation, wallowing and feeding occur at the licks, diseases spread rapidly (Ayeni, 1979,
Ogunsanmi, 1997). The use of artificial licks may prevent this.

6. Types of salt lick

Salt licks can be natural or artificial. Artificial salt licks are used by farmers for their cattle,
horses and other herbivores to encourage health growth and development. Typically a salt
lick in form of block is used in these circumstances. The block may be mounted on a
platform so that domesticated animals do not consume dirt from the ground with necessary
salt. There is need to medicate shy animals or a large group of animals.

Some people used artificial salt licks to attract wildlife such as deer and moose along with
smaller creatures like squirrels. Animals may be attracted purely for pressure of humans
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who install the salt lick with the goal of watching or photography. Also salt licks are used by
hunters to encourage potential prey to frequent an area. Wildlife biologists also used salt
lick to assist them in tracking populations and can be a serve as medication in that it is used
as birth control to keep animals from proliferating in the area where they are few natural
predators, example is the deer.

Artificial salt lick comes in two forms; blocked and bagged. Bagged salt licks are designed to
be buried in pits to create a more realistic form of salt lick with the salt and mineral leaching
out in wet weather to form a salt deposit which will attract animals. While blocked licks are
installed directly or mounted on platforms depending on personal taste. It can also be
hanged on a tree in the middle of the farm or ranch house.

The universal popularity of salt licks with wide range of animals illustrates the way in
which wildlife naturally seek out nutrition which is essential to their survival and provide
nutrition for predators. Salt lick is a natural gathering place for grazing animals, which also
attracts the carnivores. Animals ingest it as part of food they eat or they eat it directly

7. Significance of natural salt lick

Natural salt licks are utilizes by wildlife to supplement their mineral requirements (Ayeni,
1979). Wild game especially the herbivores can always identify the spots in their habitat
where the essential minerals could be found. The African elephant have been noted to travel
great distances to visit areas of saline earth which they swallow in considerable quantities as
a purgative (Wari, 1993). Lick utilization is related to the spatial distribution and abundance
of environmental minerals. A positive correlation between the spatial distribution of
elephants in Wakie National Park, central Africa and the abundance of environmental
sodium has been reported (Weir, 1972).

Water holes which usually serve as salt licks for animals during dry season may become
heavily contaminated with infectious pathogens which can survive to the dry season
(Woodford, 1979, Ogunsanmi, 1997). Droplet of respiratory disease is also made possible
when animals crowd together in salt lick spots. Salt lick can be infected with anthrax spores
and can act as focal point for the spread of the disease (Woodford, 1979). There is also a high
increase in predation illustrated by the frequency of carcasses near licks which often lead to
high mortalities (Lasan, 1999).

8. Resources availability and utilization by wildlife

The pattern of utilisation is determined by the growth of different plants and the
physiological need of the animals, Benjamin, (2007). The abundant of mineral ions Na*, K*,
Ca* and Mg* in salt lick, (Ayeni,1971), cause the concentration of big games along the river
during the dry season due to the availability of salt lick, cover, water, and cover and fresh
flush of the grasses and browse able materials.

Afolayan (1977), Milligant and Ajayi, (1978), observed that the utilization of salt lick by large
mammals in Kainji Lake National park reduced with increased distance from water point
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particularly streams and rivers. Vertebrates have complex nutritional requirement in the
form of chemical elements. Just as water and food supply, salt lick constitute one of the
requirements expected in an ecological unit. Ayeni, (1971) observed that not all animals
come regularly to salt lick but big games pay much visit e.g. elephants, antelopes, baboons
etc. Phosphorus and sodium are believed to be principal trace elements causing animals to
use salt lick (Cowan, 1949). Habitat degradation through over grazing and over browsing
and soil compaction result from heavy lick use (Ayeni, 1972).

9. Factors influencing wildlife population

The increase in animal population is a function of animal chance to survive and multiply,
and that chance to multiply and survive is a function of the environment. Environment is
the sum total of all factors that influences the animals’ speed of development and
expectation of life and fecundity. The component which are claimed to be homogeneous
with respect to the way it influences the animals chance of survival, Andrewartha and Birch,
(1954) are;

- The resources e.g food, water and cover
- Mate

- Predators, pathogens and aggressors

- Weather condition

- Pollution.

10. Salt lick and trace minerals

Mineral elements play an important role in the nutrition of wild games. Hence a brief
discussion on wildlife nutrition is important. Salt is unique in that animals have a much
greater appetite for the sodium and chloride in the salt than for other minerals. Because
most plants provide insufficient sodium for animals feeding and may lack adequate chloride
content, salt supplementation is a critical part of a nutritionally balanced diet for animals. In
addition, because animals have definite appetite for salt, it can be used as a delivery
mechanism to ensure adequate intake of less palatable nutrient and as a feed limiter.

Sodium plays major roles in nerves and impulse transmission and the rhythmic of heart
action. Efficient absorption of amino acids and monosaccharide from the small intestine
requires adequate sodium. The other nutrient in salt, chloride, are essential for life. Chloride
is a primary anion in blood and the movement of chloride in and out of the red blood cells,
is essential in maintaining the acidic-base balance of the blood. Chloride is also a necessary
part of the hydrochloric acid produced in the stomach which is required to digest most food.
Animals have more defined appetite for sodium chloride than any other compound in
nature except water. Ruminants have such a strong appetite for sodium that the exact
location of salt source is permanently imprinted in their memory which they can then return
to when they become deficient. Horses have been shown to have specific appetite for salt if
the diet is deficient in sodium.
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Trace elements

There are seven trace minerals that have been shown to be needed in supplementing animal
diets. They are iron, copper, zinc, manganese, cobalt, iodine and selenium. They are needed
in small amounts, or traces, in the diets and hence their names traces minerals”.

Currently trace minerals deficiency is a bigger problem than the acute mineral deficiencies.
They are several examples where an area was not recognise to have trace mineral deficient
in the past but now has been shown to require supplementation. For example selenium
deficiency was not considered to be a problem in the United States until recently.

Salt as a carrier of trace minerals

Salt is known to be a carrier of trace minerals, since all herbivores has natural appetite for
salt this could serve as a source of trace minerals for them. Moreover when horses, cattle,
sheep and other animals are on pasture with little, or no varying amounts of concentrate
feeding, farmer can supply trace mineral salt in the form of a mineral block or loose trace
mineral salt in a box.

11. Wildlife nutrition

Nutrition is the study of process by which organic and inorganic substances ingested by
living organisms are converted to various needs for life processes such as promoting
growth, replacing worn-out and injured tissues and perpetuate life. Wildlife nutrition is
concerned with the supply of quality food in an animal environment. The basic
requirements of all wildlife are food, water and cover. In general animal with adequate food
supply grows larger, produced more young, are more vigorous and healthy, and are more
resistant to many form of diseases than those affected by malnutrition (Nancy and Martha,
1995). When wild animals are shipped, moved, migrated, translocated or restocked to
destinations where plant food that are typically consumed by freely grazing animals e.g
reindeer are not found in sufficient quantities to provide adequate nourishment. Nutritional
and digestive disorder set in which could be fatal (Luick, 1968). According to Luick, 1979,
more than 60% of reindeer may die in two weeks of departure from their native tundra
ranges.

Digestive and nutritional disorders are factors contributing to high mortality rate others
include; the stresses of capture and handling, hyperthermia, regurgitation and inhalation of
rumen contents, injury and diseases and overdoses of immobilizing agents and
tranquilizers, (Luick, 1968, 1976). Nutritional disorders are primarily a result of failure in
adjustment of the balance between nutrient input and requirements. These disorders are
distinct and specific to a particular nutrient, (Sauvant, 1991)

An increasing amount of information is accumulating to show that many nutrients are
needed at higher levels to improve the ability of the animal immune system to cope with
infection. Sodium chloride, copper, zinc, Selenium, phosphorus and magnesium already
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have been shown to be helpful in this regard. Nutrients requirement for growth, gestation
and lactation do not necessary mean that the level will be adequate for normal immunity
and high resistance to diseases. But nutrient levels higher than those recommended may be
needed for maximum productivity and health of the animals.

12. Essential mineral elements in wildlife nutrition

Mineral elements are restricted to mineral elements which have metabolic role in the animal
body, (McDonald, 1979). Bowen, (1999), an essential mineral element is necessary to proof
that diet lacking the element can cause deficiency symptom in animals. These depend on
three basic factors. These are;

1. The organism can neither grow nor complete its life cycle without an adequate supply
of the element.

2. The element cannot be replaced by any elements and

3. The element has direct influence on the organism and is involved in its metabolism.

13. Major mineral elements at salt-lick site

a. CALCIUM (Ca): Calcium is the most abundant element in the animal body. It is an
important constituent of the bone and feet where about 99% of the body total calcium is
found. Calcium is also an essential constituent of living cells and tissue fluids. It is
essential in the activities of a number of enzymes including those necessary for the
transmission of nerve impulses and for contractile properties of muscles. It is also
necessary in the coagulation of blood and the normal function of cell membrane, (Clegg
and Clegg, 1978; McDonald, 1998).

b. PHOSPHORUS (P): It occurs in the bone and is vital for bone formation. It also occurs
in protein called phosphor-proteins, nucleic acids and phospholipids. The element
plays a vital role in energy metabolism in the formation of sugar phosphate and
adenosine di and tri-phosphates. It forms an essential constituent of milk and is
necessary for the function of the neuromuscular system (McDonald, 1987).

c. POTASSIUM (K): Potassium plays an important role in osmoregulation of the body
fluids and in acid-base balance in the animals. It functions principally as the cation of
the cell. It plays an important part in muscle and nerve excitability, carbohydrate
metabolism and is important blood and interstitial fluid, (McDonald et. al., 1981).

d. CHLORINE (CI): Chlorine is associated with sodium and potassium in acid base
balance and osmoregulation. It plays an important role in the gastric secretion where it
occurs as hydrochloric acid as well as chloride salts. Chlorine deficiency can lead to an
abnormal increase of the alkali reserve of the blood.

e. SULPHUR (S): It is an important constituent of protein in animals such as protein
containing amino acids cystine, methionine, biotine and thiamine, the hormone,
insuline and important metabolite, coenzyme A also contain sulphur.

f.  MAGNESIUM (Mg): Magnesium is closely associated with calcium and phosphorus in
the formation of bones and about 70% is found in the skeleton, the remains distributed
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in the soft tissue and fluids. It is the commonest enzyme activator, particularly in the
activation of phosphate transferases, decarboxylases and acyl transferases (McDonald
et. al., 1987).

14. Trace elements

a.

IRON (Fe): Iron plays an important role in the synthesis of haemoglobin and enzymes
in the foetus. It also occurs in the blood serum in a protein called transfrin which is
concerned with the transport of iron from one part of the body to another. Iron is also a
component of many enzymes including the cytochrome C reductase, succinic
dehydrogenase and furmaric dehydrogenase. Hence, it is vitally important in the
oxidative mechanism of all living cells. (Clegg and Clegg, 1978; Pethes, 1980; McDonald,
1987). Symptoms of deficient of iron include paleness of the skin, hypochromic
microcyclic anaemia and conjunctiva.

COPPER (Cu): Copper is found in blood plasma and occurs in various complex forms
loosely bound to albumin and amino acids. It is necessary for heamoglobin synthesis
and has been found in over 35 enzymes and proteins. These include; red blood cell,
cerebrocuprein, and mitochondrocuprein, (Underwood, 1977; Pethes, 1980).

IODINE (I): Iodine is required by animals for the synthesis of the thyroid hormones,
thyroxin and triiodothyroxin produced in the thyroid gland (Pethes, 1980). Deficiency
results in endemic goitre.

ZINC (Z): Zinc is found in every tissue in the animal’s body. It plays an important role
in enzyme activation and in wound healing. It is important in the fundamental process
of RNA, protein synthesis and metabolism. Deficiency results in growth retardation,
loss of apetite, alopecia, bone deformation, impaired fertility in both male and female
animals and increase occurrence of tetratogenicity and behavioural anomalies.
FLOURINE (F): It is one of the constituents of bone, teeth, soft tissues and body fluids.
It activate adrenal cylase enzyme which is the primary mediator of hormone action
(Pethes, 1980). It's function in the prevention of dental canies. Deficiency symptoms
include; pain on movement, lameness, arthritis, of the hip, erosion of the tooth enamel
and decrease in milk yield, (Pethes, 1980).

15. Study area

The study was conducted in Kainji Lake National Park (KLNP). In Nigeria the role of
game reserve in conserving wildlife for various purposes is widely recognised. The flora
(plants) constitute only one element of the complex ecosystem which they belong and are
not in stable state. The effective management of land as game reserve is the general
principle. There is a management plans to be drown. Such plan has been prepared for
Kainji Lake National Park (KLNP) (Ayayi and Hall, 1975). The principle purpose of the
plan is to provide all available information relevant to the management of the reserve. It
also makes provisions for it regular revision and updating and incorporate timetable for
these purposes.
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16. Location

Kainji Lake National Park extends 80km in an east-west direction and about 60km north-
south. It consists of two sectors, the Borgu sector and Zuguruma sector. It lies between 90° 4!
to 10° 30! N and 3° 30! to 5° 50! E, covering a total area of 5,340.82km (Tuna, 1983). The Borgu
sectors cover an area of 3,970.02km S.E in Borgu Local Government Area of Niger State. Ero,
(1985), put the location of Borgu between 10° 50! N latitude and 4° 19' E longitude. The
Borgu has the Kainji Lake on the east while the west is by the republic of Benin (Figure 1).

Kainj Lake
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Figure 1. Map of Nigeria showing the location of Kainji Lake National park
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Figure 2. Showing the Geo-reference Map of Kainji Lake National Park in respect to the Lake and Salt
lick sites.
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17. Vegetation of the study area

The vegetation of Nigeria vegetation consists of forest, savannah and Montane. The forest
zone comprises mangrove forest, rainforest and dry forest southern and northern guinea
savannah zone, Sudan zone and Sahel constitute the savannah vegetation. Montane
vegetation is formed by the Montane forest and grassland. The derived savannah forms the
boundary between the forest and the true savannah vegetation types.

The Borgu sector of Kainji Lake National park has transitional vegetation which is between
the Sudan and the Northern Guinea savannah type (Onyeanusi, 1996). FAO, (1974) also
included the vegetation of the study area in the guinea zone in the map of vegetation of
Nigeria. FAO, (1974) divides the vegetation into six main vegetations having significance as
wildlife habitat types. These are;

The Burkea/Detarium microcarpum (Wooded Savannah)
The Isoberlinia tomentosa (Woodland)

Diospyros mespilliformis (Dry Forest)

Terminalia macroptera (Tree Savannah)

The Riparian forest and woodland

The Oli complex

mo a0 o

Burkea africana/Deterium microcarpum (Wooded savannah)

This consists of the majority of the vegetation of study area. The density and height of
woody cover varies with soil and influence of fire. Afzelia africana is an associated species
which occasionally form patches of woodland. Trees and shrubs common in this area are
Butyrospermum paradoxum, Terminalia avicenniodes, Parinari polyandra, piliostgma thonnigii,
Maytenus senegalensis, Gardenia ternifolia, strychnos inocua (FAO, 1974).

Some of the grasses associated with this community include Hyperrhenia involucrata,
Andropogon gayanus, A. pseudapricus, Genium newtonii, Chlospermum tinctorum, Indigofera
bractolats, Hyperthelia dissolute, Brachaiaria jubata, B. brachylopha and Aristida kerstingii.
(FAO1974).

Isoberlinia tomentosa (Woodland)

This associates with quartzite ridges and are extensive on higher ground in the study area.
The I. tomentosa occur in almost pure stands though occasionally I. doka is found where stone
intrusions occur. Afzelia africana and Ostryoderris stuhlmanni is found adjacent to I. tometosa
woodland. Grasses such as Monocynibium cresiforme, Schizachhyrium sanguineum, Beckeropsis
uniseta, andropogon tectorum and Andropogon gayanus occurs extensively on poorer sites.

Diospyros mespiliformis (Dry forest)

This distinctive type occurs as units of a few acres extent at scattered localities in the central
part ot the study area. Diospyros mespiliformis foms the bulk of the tree layer while
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Polysphaeria arbuscula usually comprises of a dense under storey. The grasses of this type are
the broadleafed Opilsmenus hirtellus (FAO, 1974).

Terminalia macroptera (Tree savannah)

This occurs in the low- lying seasonally inundated areas, characterised by dark grey hot-
wallowed clays. Typically there are few woody plants in this type. They include
Pseudocedrela kotschyi, Mitrangyna intermis and Daniella oliveri (FAO, 1974). The grasses are
those associated with swampy ground. They include Panicum paucinode, Brachiara jubata,
Hyparrhenia glabriuscula, H. rufa, Andropogon perligulatus, A.pseudapricus, Schizachrium
schweinfurhii, Hyparrhenia cyanescens and Echinocloa obtussiflora (FAO,1974).

Riparian forest and woodland

This includes the vegetation of all water courses of the reserve with the exception of the Oli
and the lower reaches of its two largest tributaries- the Uffa and the Nanu. The riparian/
forest woodland which develops in response to the prevailing high atmospheric water
content, resembles the moist savannah bordering the forest zone. The common tree species
to this vegetation type include: Cola laurifolia, Irvingia smithii, Antidesma venosum, Pterocarpus
santalinoides, Diospyros mespiliformis, Daniella Oliveni, Gardenia Species, Strychnos spinosa,
Terminalia aricennoides and Maytenus senegalensis. The grasses remain green into greater part
of the dry season. The grasses include Acroceras zizanoides.

The Oli complex

The Oli complex is distinctive in its heterogeneity. It is heterogeneous vegetation which
characterises the courses of the Oli River as well as some parts of its main tributaries (e.g.
River Nanu, Suna and Suma). Its dominant tree species are assemblages of characteristics
rainforest species e.g. Annogeissus leioxarpus, Vitex doniana, Khaya senegalensis, Mitragyna
inernus, Chlorophaora excels. The oli complex and the riparian forest are closely associated.

The valleys have a scattering of Terminalia macroptera in grassland of lots of Hyperrhenia
smithiana. The upland areas are very distinctive but small unit of Diospyros ruspiliformis
forest. The evergreen nature of the Diospyros ruspiliformis and the shrub makes it difficult for
fire to penetrate it. Oplismenus hitellus grass also occurs in this unit. In the upland, three
woodland units are found they are, Isoberlinia doka, Isoberlinia tomentosa and monotes kerstingii
woodlands. The largest vegetation is covered by Burkea Africana-Detarium macrocarpum
wooded savannah.

18. Climate of Kainji Lake National Park

Rainfall: The two major features of the climate of the park are the wet and dry season and
they are variable from year to year. The wet season extends from May to November while
the dry season extends from December to April. The highest amount of rainfall is always in
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2007 2006 2005 2004 2003 2002 2001 2000

JAN - - - 0.2 - - - -

FEB - - - - 26 - - -
MAR - - 28 2.8 18.7 - - -
APRIL 6551 30 53.3 67.4 45 84.9 485 8.6
MAY 1007 1684 58.9 167.6 82.2 34.68 9% 70.43

JUNE 119 225.7 179.04 176.5 203.27 103.62 229.9 227.4
JULY 175.8  226.33 184.6 231.3 111.3 154.15 165.23 115.1
AUG 306 166.8 106 158.3 126.56 159.08 111.21 253.8
SEPT 127.2  255.06 329.39 265.76 147.17 122.9 211.65  245.6

OCT 4538 68.3 1104 112 1103 74 119.98  50.12
NOV - - - 12 - 3 - -
DEC - - - - - - - -

Table 1. Kainji Rainfall Data from 2000-2007, Kainji monthly Rainfall (mm)

August (11.89mm) while the lowest rainfall (2.090mm) is in October (Table 1). These values
varied yearly. Milligan (1979) indicates that there is a decreased in rainfall from the south to
the north and increased rainfall towards the west and east and low condition in central

northern regions.

Temperature: The highest is in the dry season just before the rain and lower during the wet
season it picks up again towards the end of the wet season and later drops to the lowest
value in December and January during harmattan. The minimum temperature during this
period ranges from 17.87°C to 19.90°C (Onyeanusi 1998).

Relative humidity: The relative humidity increases gradually from low values at the
beginning of the dry season to a peak during the wet season. Generally, the relative
humidity follows opposite pattern to that of temperature.

Wind: This influences both incidence and duration of the wet season considering the whole
year, southern winds predominate over northern winds in the Borgu sector of the park.
There is also a distinct seasonal trend, with the dry, dusty, northern winds prevailing during
the beginning of the dry season that is November to February, while the moist southern
winds prevail throughout the wet season.

Topography: The landscape of the Borgu Sector of the Kainji Lake National Park is gently
undulating. Its features may be related to the lithology and erosion history of the area. The
relief is broken in places by quartzite ridges (FAO, 1974). Elevation of the central and
Western parts of the park lie between 800 and 1,000ft the highest point in the park is 1135ft
in the Northwest. Kubil hill, just outside the Northern boundary of the park has an elevation
of 1,684ft (FAO, 1974). The land slope down from the East to the Niger valley. The lowest
elevations are along the Kainji shore where the normal maximum high water mark is 465ft
contour (FAO, 1974; Afolayan, 1977).
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Geology: The Borgu sector of the park is underlain by the Basement Complex helica was
considered to be Pre-Cambrian in origin (Afolayan, 1977). Most of the area is composed of
geissose rock and other units consist of younger metasediments which are mainly schists
and phyllites. According to FAO, (1974), the park is underlain by undifferentiated
metasediments in the east and west. The Basement Complex was until recently considered
as pre-cambrian. However, Truswell and Cope, (1963) presented age determination which
will place it in late Pre-cambrian or early Paleozoic.

Soil: Detailed soil survey of the Borgu sector shows that the soils in the area are low of
fertility. It is slightly acid to natural and the acidity increases irregularly with dept.
Although the soil nutrient is low, well developed and maintained savanna woodland exists
on this soil. Meanwhile, the park has over ferruginous tropical soil and crystalline acid rocks
(Anon 1964). Also the soils are shallow.

Drainage: The drainage is to the east because of the slope into River Niger through River Oli
which is the largest river in the park. The river Oli and its tributaries drain the western part
of the Borgu sector while the eastern part are drained by rivers Doro, Timo and Menai into
Kainji lake. The river covers an estimate of about 3.305kms from the Nigeria border with
Republic of Benin to where it empties into the Niger River. The river has maximum flow of
approximately 600-700mm?/sec of water at the end of wet season breaks into pools in the
dry season. The main tributaries of the Oli river are; Uffer, Koa, Nanu, Suma and Suna.
Though other unnamed seasonal rivers also feed the Oli river in the wet season. There are
six drainage basins in the western part of Borgu sector, viz the lower and upper Oli, Suna,
Nanu, Uffa, and an unnamed basin which covers about three quarters of the sector. In the
eastern part are seven drainage basins giving a total of thirteen basins. Eroded water from
these rivers contributes to the volume and rate of flow of the Oli river in the early part of the
wet season. During dry season, surface flow ceases in all the major rivers particularly the Oli
River and only pools remain which provides sources of perennial water for wildlife
population.

19. Research methodology

Reconnaissance survey: The reconnaissance survey was carried out in the month of June
2008 to get acquainted with the terrain of the park. Information from the park management
and the review of previous literature on salt lick mineral in the park served as a bedrock
towards successful reconnaissance survey. This aided in choosing the study side and the
ecological survey method used. The study covers between June 2008-February 2009
(émonth). The following were predetermined to aid sampling design.

Ecological survey: Based on the methodology adopted from Ayodele,(1988), Lameed,(1995)
and Akanbi,(1997), which stated that an ecological survey for an area should be conducted
on a comparative bases, particularly the heterogeneous to indicate a long term range. The
study was carried out in the Borgu sector of Kainji Lake National Park. Out of twenty salt
lick areas in the Kainji Lake National Park, four were selected based on concentration of the
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salt and species to the spot, management and tourists’ preference and proximity to the
camp. The inventory of the place was taken which are:

a. Inventory of the salt lick in three places, that is, the middle, the upper and the lower
parts to look at the composition of the minerals.

b. The fauna and vegetation were assessed by laying four (4) transect 1km each in each of
the salt lick. This transect was taken towards the north, south, east and west which form
the radii of the utilized areas.

Point Centre Quarter Method (Vegetation sampling): For vegetation, point centred quarter
method were taken at every 10m and the fauna were assessed looking into the direct and
indirect survey of fauna species to note the absolute and relative density of the species
around the area. The relative density is to asses the significant of the spur rate of the species
along transect by identifying the faecal samples, foot prints, death/ carcass and calls of the
species available within the transect (Hopkin, 1974).

A transect of 1km was cut from each of the sites with the use of a cutlass and a compass to
align the transect line. Each transect was marked at 50m intervals. Daily survey of the
transect along the salt lick was carried out as early as 6.30am with the assistance of the
research officer and a ranger from the park and backed by 2.pm. The early morning study
was designed to survey some of the wild animals that are inactive and sluggish in the
afternoon whose detection may be difficult and liable to error. At the beginning of each
early outing on the salt lick, the following were recorded;

- Location and the name of the tract
- Date

- Time (beginning and stop)

- Number of the salt lick.

Line Transect Survey: A line transect according to Roger, (1975), in a fixed path
independent of external features along which survey will take place. At each outing the
following equipments were used;

- Binocular for clearer viewing of animals at a long distance
- Camera for taking photographs

- Field notebook, pen and pencil

- Acutlass

- A wristwatch.

The following information was recorded at each salt lick sites

- Name, number and species of the flora and fauna around the salt lick sites
- Activities of the animals

- Droppings of the named and species of the animal found

- Footprints of the named animals

- Food materials. Carcass of the animal

- Calls of the animal
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- Habitat type

20. Search method for direct and indirect methods

Both the direct and the indirect methods were used to study the animals that visit the salt
lick. This involved walking along the delineated transect line and looking for signs of
species presence. The stop and search method was used as an indirect method of estimating
wildlife population through the use of faecal droppings, footprints, feeding/remnant and
calls of the animals. The following assumptions for animals that visit salt lick was outlined
by Burham et al 1980; Seber, (1982). These are

1. The number of footprints of a particular animal was closely examined and traced to the
salt lick.

The number of faecal samples was observed along the transect

The feed/remnants of animal along the transect were also examined

The activities of the animals around the area and along the transect was examined
Sighting of animals was carried out

The faecal droppings containing salt lick was picked and examined

NSOk e

Backward movement along transect to confirmed the samples was limited and
observation period not more than 10minutes.

8. Samples positioned directly over the transect line was not missed. It was also
understood that not all the sample within the survey area was detected. Some was
inevitably missed and possibility of detection declined with increase distance from the
transect line or survey path.

21. Population density

To determine the population density for each species of the animal encountered during the
survey. Time species count was used as outlined by (Ajayi, 2001). The formula is as follows

p_AZ
2XY

Where:

A = Area occupied by the species

Z = number of animal seen

2 is constant

X = sighting distance

Y =length of transect

The area (A) is determined by multiplying the transect width by the length of the
transect.

The number of the animals seen (Z) = species seen/transect
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22. Data analysis

All data collected were subjected to appropriate statistical analysis depending on the nature
of the study. Correlation, Analysis of variance, descriptive analysis and T-test to
differentiate two variables were used to draw conclusion.

Graphs, photographs and diagrams were used at appropriate places for proper result. Chi-
square test was also used to analyse the result.

23. Results and discussion

A B C D
Kobus kobs 65 51 20 20
Hippotamus 39 21 13 33
Roan antelops 1 10 4 -
Red flank dunker 5 13 1 -
Hares 1 2 - -
Baboons 10 13 9 4
Silvet cat 2 3 5 2
Bush buck 9 2 - -
Monkey 4 3 2 1
Lion 1 5 - 1
Flankolin - - - 1
Crocodile - - - 1
Total 137 123 54 63
Average 13.70 12.30 7.71 7.86

Table 2. Table 2: Diversity of Wild animals sampled within the various transects studied.
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Table 3 shows record of animal sample within various transects at the four sites (A, B, C and
D). It was observed that the highest number of animals is recorded in transect A (137) with
an average number of 13.7, followed by transect B (123) with an average number of 12.3. the
lowest value is recorded in transect C (54) with an average of 7.7.

Parameters df ms f p-level
Salt lickl 3 81687.34 10.1038 0.0013+
Error 12 8084.833

Total 15

Table 3. ANOVAs for Number of trees/hectare

The table 3 above shows that at p-level there was no significant difference (p>0.05) in the
number of trees/hectare. Therefore the alternative hypothesis was accepted that said there
was no significant difference in the trees/hectare in the salt lick sites.

Parameters df ms f-cal p-level
Salt lick2 3 305.58 2.0204 0.1648
Error 12 151.25

Total 15

Table 4. ANOVAs for number of different trees at the salt lick sites (tree diversity)

Table 4 above shows that there was significant difference (p<0.05) in the tree diversity across
transects at the salt lick sites. Therefore the null hypothesis is accepted while the alternative
is rejected.

Parameters df ms t-cal p-level
Salt lick3 3 1757.67 390 7623
Error 12 4702.5

Total 15

Table 5. ANOVAs for number of animals/hectare at salt lick sites
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The table 5 above shows that at (p<0.05) there was significant difference in the animals
across the four transects. Therefore a null hypothesis was rejected while the alternative
hypothesis was accepted.

Parameters df ms f-cal p-level
Salt lickd 3 39.3333 39008 762310
Error 12 100.8333

Total 15

Table 6. Anova for different animals/hectare at the salt lick sites (animal diversity)

The results obtained from the direct and indirect survey shows that f-cal was significantly
difference at (p>0.05). Alternative hypothesis was accepted that said that there is significant
difference in animal species across transects as seen in table 6 above.

Transects

Total animals sampled

Figure 3. Variation of animal sampling within transects studied.

Figure 3 above and the graph sows that the highest animal sampling was recorded in
transect one (13.7), followed by transect two (12.3) and the lowest value was in transect three
7.7).

The table 7 below shows the records of various tree sampled within the transects. Transect
three(C) recorded the highest value of trees (213) and the average is 14.20 while the lowest is
recorded in transect A (149) and the average of 9.93. Meanwhile Acasia spp was found to be
dominant species within the four transects.
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Transects

Trees A B C D
Acasia spp 42 84 28 81
Annogeissus leiocarpus 30 11 33 6
Daniella Oliverie 6 22 6 14
Terminalia spp 32 8 37 10
Detarium microcarpum 4 4 51 2
Burkea Africana 12 7 12 4
Gardenia sokotolensis 2 7 1 1
G. aquala 8 6 9 6
Strychnos spinosa 1 1 4 14
Bytyrospermum paradoxum 1 3 6 9
Darsperus mispiliformis 1 4 1 1
Tamarindus indica 5 7 3 2
Afzelia Africana 2 3 5 2
Tetrap tetrap 2 4 12 6
Acaria spp 1 4 5 2
Total 149 175 213 160
Average 9.93 11.67 14.20 10.67

Table 7. Diversity of Vegetation sampled within transects studied.

Total vegatation
sampled

Transects

Figure 4. Variation in total vegetation (trees) samples within transects.

Figure 4 above shows that transect three has the highest tree samples (14.2) followed by
transect two (11.67) and the lowest was recorded within transect one (9.93).

The results obtained from the direct and indirect survey shows that f-cal from the two survey
types was significantly different (p>0.05) fro each other. Alternative hypothesis was accepted
that said there are significant differences in the trees sampled as seen in table 8 above.
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ANOVA: Single Factor

SUMMARY
Groups Count Sum Average  Variance
9.93333  179.209
A 15 149 3 5
11.6666  424.952
B 15 175 7 4
238.314
C 15 213 14.2 3
10.6666  397.809
D 15 160 7 5
ANOVA
Source of Variation SS Df MS F P-value  F crit
156.183 52.0611 0.91759  2.76943
Between Groups 3 3 1 0.1679 5 1
310.071
Within Groups 17364 56 4
17520.1
Total 8 59

Table 8. ANOVA of trees sampled with the transects groups.

1?:12 %Na  %Ca  %Mg %K (m:/‘;(g) %PO4  %SO4
1 3.69 179 0.88 6.76 1149 073 035
2 418 3.54 1.23 446 99281 193 055
3 3.79 1.92 081 681 1168 0.89 039
4 421 1.85 0.79 695 1173 087 0.43

Table 9. Chemical analysis of mineral contents in salt licks.

Fig.5 shows that the level of sodium (Na) is highest in salt lick site four (4.21%), followed by
salt lick site two (4.18%). There is no much different between the percentage level of sodium
salt lick sites one and three (3.695 and 3.765), but the lowest was recorded in salt lick site one.

Salt lick site two has the highest percentage level of calcium (3.54%), while the lowest
percentage level of calcium was recorded in salt lick site one (1.79%). Salt lick site three and
four has (1.92% and 1.85%) respectively (Fig. 6).
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Salt licks

% Na content in soil

Figure 5. Concentration of Na (%) in salt licks studied.

Figure 6. Concentration of Ca (%) in salt licks studied.

Salt licks

% Ca content in soil

% Mg content in soil

Figure 7. Concentration of Mg (%) in salt licks studied.
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Fig.7 above shows that the salt lick site two has the highest level of magnesium (1.23%),
followed by salt lick site one (0.88%). The lowest value was recorded in salt lick site four

(0.79%).

Salt licks

% K content in soil

Figure 8. Concentration of K (%) in salt licks studied.

Among all the minerals present in the salt lick sites, potassium was found to be the highest
mineral content. Fig. 8 above shows that salt lick site four has the highest level of potassium
content (6.95%), followed by salt lick three(6.8%), salt lick one(6.76%) and salt lick two has
the lowest (4.46%).

% PO,

Salt licks

Figure 9. Concentration of POs (%) in salt licks studied.

Figure 9 shows the highest percentage level of phosphate in salt lick two (1.93%). The lowest
level is in salt lick one (0.73%). Salt lick three and four have (0.89% and 0.87%) respectively.

Iron is measured in milligramme per kilogramme (mg/kg) and not in percentage.
The highest value is in salt lick four (1173mg/kg), while the lowest is in salt lick two
(992.81mg/kg). Salt licks one and three have (1149mg/kg and 1168mg/kg) respectively
(Fig. 10).
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Fe (mg/Kg)

Figure 10. Concentration of Fe (mg/Kg) in salt licks studied.

Salt licks
Figure 11. Concentration of SO4 (%) in salt licks studied.

Sulphate was found to have the highest percentage value in salt lick two (0.55%), and the
lowest percentage value in salt lick one (0.35%). Salt lick four has the value of (0.43%) and

salt lick three has 0.39% (Fig. 11).
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Figure 12. Droppings of wild animals and remains of some species killed by carnivores utilizing the
saltlick site within the KLNP.

Figure 13. One of the carcass of infant herbivores found at the saltlick site with the collected droppings.
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Figure 14. Elephant is one of the common preferred species visiting saltlick site in the Park.

24. Conclusion and recommendations

Kainji Lake National Park is an important reservoir for several wild herbivores. From this
study, the results show that the highest population of animal was recorded in salt lick site
three (3) and one (1), that is the Oli Entrance and kilometre three Drum. This was
significantly different (p<0.05) and higher than those in salt licks four (4) and two (2).
Therefore it could be deduced that herbivores have more preference to salt licks near river
sides than those that are not.

The population density of the animal in the area was established by indirect/relative survey,
since it has to do with the observation of some indices like footprints, feed remnants/signs,
and faecal droppings. Carnivores were also noticed at the study site like lion by the carcases
and call of the animal. It was observed that there was an interrelationship between animals
in the lick as some fruits were found at the lick sites. Most of the animals were not seen due
to their nocturnal nature and shyness. Therefore indirect/relative method of transects survey
was ideal to established their presence, distribution and abundance. The activities of the
animals were also assessed.

From the study, the result of the analysis shows that both the macro and trace elements are
present in the salt licks of the park. The mineral elements identified in the salt lick are;
calcium, sodium, potassium magnesium, phosphate, iron, and sulphate. Potassium is most
abundance mineral element in the salt licks while sulphate is the least abundant. The
analysis revealed that the salt lick of the Oli complex contain the highest potassium and
iron. This is probably due to the accumulation of dead leaves, defecations, urination and soil
parent materials. The salt lick one has low calcium and sodium mineral elements due to the
fact that there was less abundance of vegetation due to erosion of the upper slope of the
reserve. Hence these minerals could have been leached away by erosion.

Salt lick spot are quite abundance in Kainji Lake National Park (KLNP) which is frequently
used by different herbivores and carnivores. Hence the lick plays an important role in
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supplementing minerals lacking in the animal’s diets. The licks therefore helps in
preventing nutritional diseases and disorders that could result due to lack of these minerals
and also in biodiversity conservation of wild fauna species of the park.

25. Recommendations

The results show that different herbivores utilize the salt licks in the park and this cannot be
completely exploited on short duration and single handed project of this nature. It required
continuous research work to be carried out on many other areas of interrelationship with
natural ecosystem where they are found. Effort should be made to establish the proximate
population and consistence to monitor the population. This will enable the management of
the national park to know if the government and non governmental investment is achieving
the desired impact.

Efforts should be made towards the rate of poaching activities in the park by reintroducing
the special squad to complement the effort of the forest guards. Communication equipments
like walkie-talkie, GSM antenna should be provided in the park, handsets, boots and patrol
clots should be provided for the guards to carry out their duty effectively. The numbers of
park guards present are grossly not adequate as compared to the increase number of
poachers daily. More park stations should be created to boost the morals of the guards and
more sophisticated arms given in view of the risky nature of the job. Residential quarters
should be built by government for the park guards to live as the situation of rented building
is exposing them to high risk and at the same time stand a chance of compromising their
work with the poachers. Good incentives like food, medicals allowances should be provided
for the park guards. Unannounced visit to the park station by senior officers should be
vigorously carried out to ascertain if guards are on patrol regularly.

The Support Zone Development Programme (SZDP) should supervise the disbursement of
loans to the community and the use of the loan to the community. The enlightenment on the
conservation should be fully understood by the people. Therefore it should go beyond
radio, television announcements, pamphlets and seminars, but house -to- house
enlightenment should be used for the message to be fully understood. Infrastructures
should be provided for the host community to justify the forfeiting of their resources to the
government. Indigenes should be given scholarships to enable them go to school to reduce
their dependence on hunting and logging which they carried out as a means of livelihood.
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1. Introduction

The aim of Habitats Directive (European Council, 1992) is "to contribute towards ensuring
biodiversity through the conservation of natural habitats and of wild fauna and flora in the
European territory of member states" (Article 2.1). This directive identifies a set of natural
habitats and wild species of fauna and flora of Community interest (Annexes I and II of the
Directive) and establishes the requirement to maintain a favourable conservation status.
Therefore, Member States designate Special Protection Areas (SPAs), which are provisional
sites of Community Importance (SCIs).

To ensure its enforcement, Member States should establish the necessary conservation
measures involving, if necessary, appropriate management plans (Article 6.1).

According to the Article 1 of the Directive, the state of conservation of natural habitat is
considered favourable when:

e its natural range and areas within that range are stable or increasing and

e the specific structure and functions necessary for long-term viability exist and are likely
to continue to exist in the foreseeable future and

e the status of its typical species is favourable .

Member states have implemented different strategies for evaluating the conservation status of
habitat types and species of Community interest, basing on both the European Commission
reports (European Commission, 1995, European Commission, 2006, Shaw and Wind, 1997))
and scientific research (Bock et al., 2005, Dimitriou et al., 2006, Lang and Langanke, 2005, Noss,
1990, Noss, 1999, Roberts-Pichette, 1998, Simboura and Reizopoulou, 2007).

© 2012 Tejera et al., licensee InTech. This is an open access chapter distributed under the terms of the
I NTE H Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits

. unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
open science | open minds
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In addition, some Member States have developed their own methodologies for assessing the
conservation status, such as Germany, Austria, the Netherlands, Portugal, Spain and the
United Kingdom (Velazquez et al., 2010). These previous studies often propose numerical
indicators and have been applied at regional or national levels (Cantarello, 2008).

In Spain, in 2009 the Ministry of Rural and Marine Environment issued a set of guidelines at
national level to assess the conservation status of habitats and species of Community
interest (AUCT. PL. , 2009). The main objectives of these guidelines are to identify and
adequately describe the 117 habitat types and typify their conservation status.

2. Objetives

The objective of this study was to determine the conservation status of habitat 9120 - Atlantic
acidophilous beech forests with llex and sometimes also Taxus (Quercion robori-petraeae or Ilici-
Fagenion) within the beech forest of "Dehesa del Moncayo" (Spain) by applying the
methodology provided by the Spanish Ministry. This implies a revision of the methodology
at local level.

3. Methodology

The conservation status of habitats is assessed according to four general factors (European
Commission, 2006): range and area occupied by the habitat, typical species, structure and
function and future perspectives (Table 1). Each one can take the value of favourable,
unfavourable-inadequate, unfavourable-bad or unknown. The overall assessment of the
conservation status arises by combining the values obtained in Table 2 with the General
Assessment Matrix (European Commission, 2006)

FACTOR INDICATOR

Range and area occupied | Area (ha) and trend

Typical species presence and abundance of typical species

Dead wood

Forest structure

Structure and function Fragmentation

Presence of Picidae

Degree of defoliation

Future prospects Current and potential threats

Table 1. Adaptation of the methodology for the habitat 9120.



Biodiversity and Conservation Status
of a Beech (Fagus sylvatica) Habitat at the Southern Edge of Species ' Distribution

PARAMETER |CONSERVATION STATUS
Favourable F_Infavourable-
(green) inadecuate
& (amber)
Large decrease in the
The range of range (equivalent to a
habitat is stable loss of more than 1%
(loss aer Any situation per }.Ie.ar over a period
expansion are specified by the EC,
T other than
Distribution balanced) or . other thresholds can
. . . |those described
area (range) increasing and is be used but should be

not less than the
"favourable area
of reference”

in "green" or
"red”

explained in Annex D
Or the range is more
than 10% below the
"favourable reference
range

Unknown

Not
available or
insufficient
reliable
information

Area occupied

The area occupied
by the habitat is
stable (loss and
expansion are
balanced) or
increasing and is
not less than the
"favourable area

Any situation
other than

Large decrease of the
surface (equivalent to
a loss of more than 1%
per year over a period
specified by the MS,
other thresholds can
be used but should be
explained in Annex D

Not
available or

by the habitat Or with losses
Y . of reference " and |those described . . insufficient
within the . . o . (negative changes) in ;
without major in "green" or reliable
range . w2, the pattern of . .
changes in the red e r information
L2 distribution within
distribution
. the range
pattern within the
Or the current
range as a whole .
(if data are surface is more than
. 10% below the
available for N
. favourable reference
evaluation) R
range
Structures and
. More than 25% of the
functions . . L
. . . Any situation | habitat is Not
(including typical X R
L. other than unfavourable in terms | available or
Structure and | species) in good . . o . ..
. e those described | of its specific insufficient
functions condition and o . .
. in "green" or structures and reliable
without " . . . . :
L red functions (including |information
significant

damage/pressure

typical species)
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Future prospects
Future Prosp
are excellent / . .
prospects 0od. no Any situation | Future prospects are |Not
(regarding g, . other than bad, serious impacts | available or
significant effects . . ..
range, area those described | of threats, the long- insufficient
of future threats, |, . L eren .
covered and in "green" or term viability isnot | reliable
the long-term .o . .
structure and o red guaranteed information
. viability is
function)
guaranteed
Any situation Not
Overall " " Y .
All "green" or other than available or
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Table 2. General Assessment Matrix

3.1. Distribution area and area occupied

The distribution area can be defined as "the current habitat areas " (AUCT. PL. , 2009). It
aims to identify changes of distribution patterns of the habitat within the range. This factor
makes sense at the biogeographic region scale. However, the range does not apply at the
local level.

The area occupied assesses the area covered by the habitat in the study area and its trend:

Area occupied by habitat in the study area (in hectares).
Date of assessment.

Trend of area (stable, increasing, decreasing or unknown).
Magnitude of the trend.

Period of trend.

SN

Reasons for the trend.

The concept of "Favourable Area of Reference" (FAR) shown on the General Assessment
Matrix is defined as "the minimum area required within a biogeographic region to ensure
long-term viability of a type of habitat" (European Commission, 2006). Neither this concept
is of application for the current study, since it is a study at the local scale.

- Measuring procedure

For the present study, the vegetation map of the Moncayo Natural Park has been used. We
have distinguished three main types of vegetation: beech (used for extracting charcoal), scot
pine reforestated in the 19th century and natural Pyrenean oaks (Gallo Manrique, 2011).

- Assessment of conservation status

The conservation status was assessed based on the trend of the area occupied, giving a value
of zero to the status in 2000, as proposed in the methodology.
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3.2. Typical species

This factor considers the presence and viability of populations of typical species. That is,
those that are indicators of habitat status. They can also be defined as those species relevant
to maintain the habitat in a favourable conservation status, either because of their
abundance or because of their influence in the ecological functions.

Typical species of the habitat 9120 are:

Flora: Yew (Taxus baccata L.), holly (Ilex aquifolium L.), Lobaria pulmonaria L.
Amphibians: Salamander (Salamandra salamandra)

Mammals: Gray dormouse (Glis glis)

Birds: White-backed woodpecker (Dendrocopus leucotus), Black Woodpecker (Dryocopus
martius), Nuthatch (Sitta Europea), Treecreeper (Certhia familiaris), Pied flycatcher (Ficedula
hypoleuca), Marsh Tit (Parus palustris)

Invertebrates: saproxylic invertebrates: Elona quimperiana, Rosalia alpina, Osmoderma eremita,
Limoniscus violaceus, Cerambyx cerdo, Lucanus cervus, Gnorimus variabilis, Caliprobola speciosa.

- Measuring procedure

The method used was based on observations of presence/absence of typical species during
the field work reinforced with the wildlife catalog of Moncayo Natural Park (Gobierno de
Aragoén, 2002)

- Assessment of conservation status

It is not imperative that a particular location holds all or most of its typical species for a
favourable conservation status (European Commission, 2006). But the set of all the habitats
at the national or biogeographic scale must have long-term viable populations of all or many
of the typical species of the habitat.

Since this study covers a small area of habitat 9120 in Spain, we assessed the number of
typical species present in the forest. The result of this factor must be consistent with the
structure and function factors.

3.3. Structure and function

Structure and function define the quality of habitat 9120 through four parameters: dead
wood, stand structure, fragmentation, presence of Picidae and degree of of defoliation.

To determine the overall status of the structure and function, each indicator takes a value (0:
unfavourable-bad, 1: unfavourable-inadequate, 2: favourable). The overall status of the
structure and function can be unfavourable-bad — for results below 40% of maximum
punctuation —, unfavourable-inadequate — from 40 to 75% —, and favourable — above
75%.
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3.3.1. Dead Wood

This indicator measures dead wood (m®ha), separating it according to: species, standing or
fallen, size and level of decomposition.

- Measuring procedure

The inventory of dead wood was done by strip-plots 500 m long and 20 m wide (1 ha), as
proposed in the Spanish methodology (Olano and Peralta de Andrés, 2009). In these plots
we measured dead wood — both standing and fallen —, diameter, length, species, and
degree of decomposition.

The degree of decomposition was assessed according to the following criteria (Table 3).

Degree of decomposition Description

Level 1 Healthy wood, with bark; wood intact

Level 2 Healthy wood, beginning of the bark loss

Level 3 Wood beginning to rot away. Without bark

Level 4 Very rotten wood, full of holes

Level 5 Completely rotten wood that breaks when touched

Table 3. Degree of d criteria

- Assessment of conservation status

Dead wood in forests ranges from 10 to 150 m3/ha (Miiller and Biitler, 2010). According to
these authors, most species linked to dead wood seem to be present in hardwood forests for
volumes between 30 and 50 m3/ha.

¢ Unfavourable-Bad: less than 10 m? of dead wood per hectare.

¢ Unfavourable-inadequate: 10 to 30 m® of dead wood per hectare, with at least 30% of
deadwood above 30 cm diameter and 20% of standing dead wood.

e Favourable: more than 30 m® of dead wood per hectare, with at least 12 m%ha of dead
wood above 30 cm diameter and at least 4 m%ha of standing dead wood. It is important
that dead wood presents all stages of decomposition and it is distributed throughout
the habitat.

3.3.2. Forest structure

Forest structure is evaluated according to three indicators: abundance of overmature trees
(trees with dbh above 45 cm), structural diversity and species diversity. It is necessary to
assess the number of stems/ha per diameter class and indicate the proportion of species.

To determine the overall status of forest structure, each indicator has a value (0:
unfavourable-bad, 1: unfavourable-inadequate, 2: favourable). The overall status of the
structure and function is unfavourable-bad — for results below 40% of the maximum
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punctuation —, unfavourable-inadequate — from 40 to 75% —, and favourable — above
75%.

- Measuring procedure

We inventoried diameter and species in circular plots 10 m radius, located at the points 100,
300 and 500 m of the strip-plots used for the inventory of dead wood.

- Assessment of conservation status
Overmature tree (dbh> 45 cm):

e  Unfavourable-Bad: less than 5 trees/ha
¢ Unfavourable-inadequate: 6 to 10 trees/ha.
e  Favourable: above 10 trees/ha

Species diversity:

¢ Unfavourable-Bad: less than 5 trees (dbh> 15 cm) /ha of other native tree species.
¢ Unfavourable-inadequate: 5 to 10 trees (dbh> 15 cm) /ha of other native tree species
e Favourable: above 10 trees (dbh> 15 cm) /ha of other native tree species

Structural diversity:

¢ Unfavourable-Bad: 90% trees in the same diameter class (classes of 20 cm).

¢ Unfavourable-inadequate: from 80% to 90% trees in the same diameter class (classes of
20 cm).

e  Favourable: less than 80% trees in the same diameter class (classes of 20 cm).

3.3.3. Fragmentation

This indicator evaluates whether the habitat is a continuous patch of sufficient extent to
ensure species survival or, conversely, is composed of individual patches.

Fragmentation is a very important element for forest communities that affects the quality of
habitat and causes loss of species (Telleria and Santos, 2001). In beech forests, typical flora
and fauna species are strongly affected by the edge effect due to their dependence on low
light and high relative humidity.

- Measuring procedure

Fragmentation is quantified by comparing the total habitat area with the surface free of edge
effect (effective area). We considered an edge effect of 30 m from the margins of the patches.

- Assessment of conservation status
e Unfavourable-Bad: ratio between surface without edge effect and total area less
than 80%.
e Unfavourable-inadequate: ratio between surface without edge effect and total area
from 80 to 90%
e Favourable: ratio between surface without edge effect and total area above 90%.
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3.3.4. Presence of Picidae

Picidae are known for tapping on tree trunks in order to find insects living in crevices in the
bark and to excavate nest cavities. Some of these species require old forests with abundant
dead wood, both standing and fallen. The presence of Picidae is a good indicator of habitat
quality and conservation status.

- Measuring procedure

We performed a visual observation of cavities in the circular plots of the inventory.
Additionally we used bibliographic survey (Gobierno de Aragon, 2002).

- Assessment of conservation status
e Unfavourable-Bad: no Picidae nesting.
e Unfavourable-Inadequate: Only Great Spotted Woodpecker (Dendrocopos major)
nesting.
e Pro: woodpecker White-backed Woodpecker (Dendrocopos leucotos) or Black
Woodpecker (Dryocopus martius) nesting

3.3.5. Degree of defoliation

This indicator belongs to the group of indicators for the maintenance of health and vitality
of forest ecosystems and is considered to be the main indicator of health status (MCPFE,
2002).

In Spain, there is a network of Forest Damage Assessment following the European
methodology (International Cooperative Programme on Forests). In Moncayo Natural Park
there are 5 plots for that network, but none of them within the beech forest "Dehesa del
Moncayo".

- Measuring procedure
We visually assessed the percentage of defoliation in the circular inventory plots
- Assessment of conservation status

We used the thresholds of European Forest Damage Assessment Network (Table 4)

Defoliation class | % defoliation | Description
0 0-10% No defoliation
1 >10-25% Minimum
2 >25-60% Moderate
3 >60-<100% High
4 100% Dead tree

Table 4. Criteria for assessing defoliation levels
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3.4. Future perspectives

This factor refers to the long-term viability of a habitat considering possible threats, typical
species and structure and function factors.

- Measuring procedure

We evaluated the main past and present impacts and the possible future threats that may
affect the long term-viability of the habitat.

- Assessment of conservation status
e Unfavourable: The future scenario does not ensure the long-term viability of
habitat 9120
e Favourable: The future scenario ensures the long-term viability of habitat 9120

4. Case study
4.1. Study area

The study area was the 1494 ha forest " Dehesa del Moncayo" within Moncayo Natural Park
(Aragon, Spain) (Fig. 1). It is also included in the Natura 2000 Network as part of SCI
ES2430028 "Moncayo" and SPA ES0000297 "Sierra del Moncayo-the-Fayos Sierra Arms" due
to six habitats of interest. One of them is habitat 9120 Atlantic acidophilous beech forests with
Ilex and sometimes also Taxus in the shrublayer (Quercion robori-petraeae or Ilici-Fagenion).

Habitat 9120:
Aflantic acidophilous beech forests
Aragon Region with llex and sometimes also Taxus in
e - the shrublayer fQuercion robori-
petraeae or llici-F§genion).

“Moncayo”
Natural Park

Figure 1. Location scheme

71



72 Biodiversity Enrichment in a Diverse World

The forest is at the southern edge of the Mediterranean region. However, it is considered an
"Atlantic island” due to the altitude and the NW-SE aspect. The Moncayo beech forest is
between 1100 and 1900 m a.s.l. facing north or northeast with slopes between 20 and 50%. It
has been mainly used for charcoal until 1940, since then it has evolved into a high polewood.
It used to be also used for timber but, due to the poor quality of timber, cuttings have been
infrequent. In 1978 it was declared Natural Park.

We distinguished four different forest types:
Beech forest (Fagus sylvatica)

This is a typical high density beech forest with holly (llex aquifolium) and
blueberry(Vaccinium myrtillus) in less dense areas. It covers 360 ha (Table 5).

Fagus sylvatica on screes
Small and branched isolated beech trees on rocky abrupt areas.
Rangeland of Fagus sylvatica

It is an area of small size (9.92 ha) used for grazing until 1920. As a result, big trees are
accompanied by smaller trees.

Fagus sylvatica with heather (Erica sp.)

Beech forest with dense heather and other tree species such as Rebollo oak (Quercus
pyrenaica) and Scots pine (Pinus sylvestris)

Area
Forest types

(ha) (%)
Beech forest (Fagus sylvatica) 360,61 76,82
Fagus sylvatica on scree 94,76 20,19
Rangeland of Fagus sylvatica 9,92 2,11
Fagus sylvatica with heather (Erica sp.) | 4,13 0,88
TOTAL 469,42 | -

Table 5. Forests types area (ha and %)

"Fagus sylvatica on scree" is assigned to habitat 8130 Mediterranean and thermophilous screes.
Therefore it was excluded of the conservation status assessment.
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4.2. Field survey

We performed a simple random pilot sampling inventory leaning on the network of paths.
The pilot sampling was conducted over three consecutive days in July 2010.

The main objective of the pilot sampling was to calculate the variance and to determine
whether the error was admissible or the inventory had to be strengthened with new
sampling plots.

"Fagus sylvatica with heather" was excluded because it is a small area where the abundance
of heather and the low density of trees do not justify the inventory.

4.3. Measuring procedure

4.3.1. Sampling units

We measured dead wood in four strip plots of 500 x 20 m and forest structure in 12 circular
plots of 10 m radius (3 in each strip plot), distributed by forest type(Fig. 1).

It was decided to place them on the network of paths since this does not influence
significantly the volume estimation of dead wood, due to narrow lanes (less than 1 m wide)
and high bandwidth (10 m) both sides the path.

Parcela alos 500 m

Parcela a los 300 m

Parcela a los 100 m

Figure 2. Sampling plots

We measured all dead wood on the ground from a minimum diameter of 10 cm (criterion
given by the technical director of the study). Given the abundance of fine twigs on the
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ground and the large size of the sample plots (1 ha), measurement from 0 cm would have
been impossible.

4.3.2. Measured variables

Variables from strip plots:

e Dead wood: Dead wood is classified into several groups: dead wood on the ground,
standing dead trees, stumps and dead branches on living trees (Kirby et al.,, 1998).
Diameter of the middle section (diameter at half the length of the fragment), length and
level of decomposition was measured for dead wood on the floor.

Diameter at 1.30m height, total height, and level of decomposition was assessed for
standing dead wood.

Variables from circular plots:

o  Forest structure: The reference methodology does not establish a minimum diameter for
measuring forest structure. Following the technical director criterion, trees below 2.5cm
diameter were excluded. Therefore, for the rest of the trees we measured all diameters
at 1.30m height and recorded the species.

e Level of defoliation (by visual observation)

e number of cavities (natural or Picidae)

e number of trees below 2.5 cm diameter

e  Mean height of the stand

e Description of the stand, indicating silvicultural characteristics, non target species, and
a sketch/diagram/outline/schema of the vertical forest structure.

We performed a sheet for each plot.

4.4. Field work results

Analysis of variance (ANOVA) was performed for both variables to check significant
differences between the two types of beech forest inventoried ("beech Fagus sylvatica" and
"Rangeland of Fagus sylvatica"). The analysis showed no significant differences. So we
adopted a single maximum admissible error for these variables.

When sampling dead wood, errors are generally quite high (Kirby et al., 1998, Van Wagner,
1982, Woodall et al.,, 2006, Woodall and Williams, 2005). Following Van Wagner (1982), in
this study we assumed a 20% maximum admissible error.

Error for standing dead trees is higher than admissible (Table 8). However, lack of standing
dead trees (Table 7) and heterogeneous distribution are typical of young beech forests.

Furthermore, the error for the variable basal area slightly exceeds the maximum so it was
not considered necessary to reinforce the sampling.
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strip plot CIRCULAR PLOT G (m?) G (m?%ha)
1 0,46 14,60
1 2 0,60 18,98
3 0,75 23,88
1 0,79 24,99
2 2 1,79 56,90
3 0,91 29,06
1 1,11 35,24
3 2 1,15 36,58
3 0,96 30,48
1 0,60 18,96
4 2 0,90 28,58
3 0,61 19,53

Table 6. Basal area (G) by circular plot

Dead wood volume (m?/ha)
strip plot total Standing dead wood dead wood on the

floor

1 3,71 0,83 2,88

2 5,68 1,70 3,97

3 4,88 0,91 3,97

4 4,23 0,56 3,67

Table 7. Dead wood results by plot
VARIABLE Mean Variance Error (%)

Basal area (m?ha) 27,79 119,09 21,78
Dead wood on the floor (m3/ha) 3,62 0,27 14,26
Standing dead wood (m3/ha) 1,00 0,24 48,96
Total dead wood (m?/ha) 4,63 0,72 18,36

Table 8. Mean values, variance and error



76 Biodiversity Enrichment in a Diverse World

5. Results for the conservation status assessment

5.1. Range
The results for the area occupied factor according to the methodology are:

Area covered by habitat 9120 within "Dehesa del Moncayo": 374.65 has

Date: 2011.

Trend: stable/increasing.

Trend-period: 1975-2011.

Reasons for the trend: the absence of human influence and good regeneration capacity.

Range FAVUORABLE

5.2. Typical species

Typical 9120 habitat species present in "Dehesa del Moncayo" are the following;:

Flora: Yew (Taxus baccata), holly (Ilex aquifolium) and Lobaria pulmonaria.

Holly is scarce except for some areas of low beech density. Yew and Lobaria pulmonaria are
scarce or rare.

Birds: Nuthatch (Sitta European) and Pied flycatchers (Ficedula hypoleuca).

Invertebrates: Rosalia alpina and Cerambyx cerdo.

During the field work no typical species of fauna were inventoried.

Therefore, the conservation status for this factor is unfavourable-bad.

5.3. Structure and function

Snags are scarce and most of them are not large (Fig. 2)

Volume of deadwood (m?m?/ha)
Strip-plot Total Stanjvigé; ddead Deiﬁe‘/\;l(:)%dr on
1 3.71 0.83 2.88
2 5.68 1.70 3.97
3 4.88 0.91 3.97
4 4.23 0.56 3.67
Mean 4.63 1.00 3.62

Table 9. Volume of total deadwood — standing and on the floor — in each strip-plot
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Figure 3. Volume (m3/ha) by diametric class and type of dead wood

The mean total volume of deadwood is below 10 m3ha (Table 9). Therefore, the
conservation status is unfavourable-bad.

5.3.1. Forests structure

e Opversized trees: Only 4 oversized trees were sampled (all of them in the "Rangeland of
Fagus sylvatica" forest type) involving a total of 9.8 tree/ha. An unfavourable-inadequate
conservation status was assessed for this component.

e  Species diversity: Density of non target species with dbh above 15 cm was 14.7 tree/ha.
Based on thresholds proposed in the methodology, a favourable conservation status for
this component was assessed.

e  Structural diversity:

e Total density reaches 1320 trees/ha. Above 50% of them are trees below 12.5 cm dbh.
Regenerated beech (dbh< 2.5 cm) ) is the most abundant diameter class, with 32.84% of
total trees. Large trees are scarce.

e Less than 80% of trees group into the same diameter class (Fig. 3), so that the status
regarding the structural diversity is favourable.
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Figure 4. Tree distribution by diameter classes

Individual results (0: unfavourable-bad, 1: unfavourable-inadequate, 2: favourable) reach 5
of the 6 possible points. So the conservation status of forest structure indicator is favourable.

Forest structure FAVOURABLE

5.3.2. Habitat fragmentation

Total area is 374.65 and the effective area, 278.36 ha. This yields a ratio of 74.30% free surface
of the edge effect. According to the thresholds in the methodology, this is an unfavourable-

bad status.

5.3.3. Presence of Picidae

The only species inventoried are Spotted woodpecker (Dendrocopos major), green
woodpecker (Picus viridis) and Wryneck (Jynx torquilla) (experts information).

According to the thresholds established in the methodology, the conservation status is
unfavourable-inadequate.
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5.3.4. Degree of defoliation

Defoliation reaches 12.5%. According to the pan-European forest monitoring criteria,
defoliation level is low. Therefore, the conservation status is favourable.

DEFOLIATION FAVOURABLE

5.3.5. Overall Conservation status of structure and function indicator

The overall conservation status scores 5 points (50% of maximum points), that means
unfavourable-inadequate.

INDICATOR Conservation status Points
Dead wood Unfavourable-bad 0
Forest structure Favourable 2
Habitat fragmentation Unfavourable-bad 0
Picidae Unfavourable-inadecuate 1
Degree of defoliation Favourable 2

5.4. Future Prospects

Given the low grazing pressure of herbivores, the control of public use and the low risk of
fire, future prospects are favourable.

Future Prospects FAVOURABLE

5.5. Global conservation status

Table 10 shows the results of the four general factors used to evaluate the conservation
status of the habitat.



80 Biodiversity Enrichment in a Diverse World

Global conservation
status

FACTOR Conservation status

Range

Typical species

Structure and function

Future Prospects

Table 10. Global Conservation Status for the 9120 habitat within "Dehesa del Moncayo" and final
diagnosis

By applying the General Assessment Matrix (Table 2) criteria, we conclude that the
conservation status of 9120 habitat within "Dehesa del Moncayo" is unfavourable-
inadequate.

6. Discussion

The methodology of this study is an important step for assessing the conservation status of
habitats of Community interest. The reference values are based on scientific research which
should be adjusted periodically.

When applying this methodology to the 9120 habitat we found some difficulties:

The area of distribution and area occupied had to be adapted locally since the General
Assessment Matrix proposes the biogeographic region. This led to only consider the area
occupied by the habitat.

Measurement procedure for Typical species has not been standarised yet. We used
bibliographic survey that may not accurately represent population and species of our
habitat. The conservation status of typical species was unfavourable-bad due to the scarcity
of species of fauna. However there may be several abundant and viable populations and
more research would be necessary.

Structure and function is the core of the conservation status assessment. This Indicator was
unfavourable-inadequate. Only forest structure and level of defoliation parameters had a
favourable outcome. Although forest structure result was favourable, tree distribution is far
from an uneven-aged forest which is the most suitable structure for biodiversity
(Camprodon and Plana, 2007). Therefore, more research studies on thresholds of structure
and function should be developed.



Biodiversity and Conservation Status
of a Beech (Fagus sylvatica) Habitat at the Southern Edge of Species ' Distribution

Procedures to measure dead wood have not been standarised yet either. Taking into account
several studies (Kirby et al., 1998, Woodall and Williams, 2005) we considered that "line
transect” method could be more efficient than "strip-plot” method and could allow dead
wood on the floor to be measured from 0 cm instead of 2.5 cm.

Finally, the overall conservation status unfavourable-inadequate shows the habitat is far
from the favourable status. The lack of typical species of fauna is linked to the scarce dead
wood and old trees with cavities. However, this is a young beech forest without productive
exploitation since 1975 so the future prospects are favourable.

7. Conclusions

The Preliminary Ecological bases for the conservation of habitat types of Community
interest in Spain (AUCT. PL., 2009) assesses the conservation status according to four
general factors: range and area occupied, typical species, structure and function, and future
prospects.

Although results showed an unfavourable conservation status, the current situation of the
beech forest is the best one considering that it was highly harvested in the past. The future
prospects are favourable and ensure the capacity of the forest to naturally achieve all the
quality thresholds required, with no forest management actions.

Our results indicate that special attention must be paid to thresholds and that more accurate
measurement procedures and assessment methods must be developed.

This methodology is an important and comprehensive starting point, however, it requires
further applications to identify weaknesses and optimal measurement procedures.
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