
Arthropod diversity associated with fallen logs and

woody litter on the forest floor on a small

Seychelles Island

J. A. Kelly

School of Botany and Zoology

University of Natal

Private Bag XOl

Scottsville

3209



PREFACE

This study was carried out on Cousine Island, Seychelles, from the 14 February 1998 to 10 April

1998, under the supervision of Prof M .l. Samways.

This study represents original work of the author and has not been submitted in any other form to

another university, other than the University ofNatal. Where the work of others was referred to, it

has been duly acknowledged in the text. Figures and tables have been inserted in appropriate places

within the text.

This document is submitted as per requirements for the Master of Science degree

l .A. Kelly



ACKNOWLEDGEMENTS

I would like to acknowledge the following people for making this project possible. 'My supervisor

Prof. MJ. Samways for his continued support and encouragement. Mr Keeley, P. Hichens and S.

LeMaitre for making the project logistically possible and kindness during our stay on Cousine Island.

James Lawerence, for his help, support and useful ideas in the field. Justin Gerlach and Michael

Saaristo for their valuable arthropod identifications. Craig Morris for his patience and informal

statistics lectures. And lastly my parents, for everything.



ABSTACT

Cousine Island, Seychelles, is of major conservation significance as it is relatively pristine, and

apparently the only tropical island over 20 ha with no alien invasive mammals. Such mammals,

especially rodents , can impact substantially on arthropod faunas. This study focuses on the

arthropods of the island that live in fallen logs and litter. The dominant log species are Pisonia

grandis (Summerhayes, 1932), Ficus spp. and Cocos nucifera (Linnaeus, 1952). Stage of

decomposition and forest type in which the logs occurred significantly influenced the composition

and structure of the assemblages. Young logs were significantly richer in species than older logs,

possibly due to the greater resources and more varied microhabitats in the younger logs . Log type

was also important for arthropod species richness and abundance. Although P. grandis and Ficus

spp. logs did not differ significantly, these two log types did differ greatly from C. nucifera which

had a higher arthropod species richness, composition and abundance. However, these differences

were only significant for recently fallen logs. As the logs decayed, their arthropod assemblages

converged . Nevertheless, each log type had some arthropod species not present in another log type.

This is important in terms of conservation, especially in the case of C. nucifera, which, according to

one school of thought, should be removed from some Seychelles islands as it is considered an alien

invasive. Arthropod assemblages in woody litter differed in composition depending on forest type in

which they occurred. These woody litter assemblages were generally dissimilar to those in logs in the

same forest type. Leaf litter was extremely poor in arthropod species. Species richness, both in logs

and litter, was comparable to figures from temperate lands, possibly because the rich, topical fauna

was ameliorated by small island size. As the logs are home to several Seychelles endemic species ,

their conservation is essential. Furthermore, as they are also the food base of certain threatened

Seychelles vertebrates, their conservation is about conservation of a food chain on this unique

tropical island.
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INTRODUCTION AND THESIS RATIONALE

Tropical forests are immensely rich in biological diversity (Stork 1999, Damodaran 1994,

Huse 1994, Myers 1990, Stork 1988, FAO-UNEP 1982, Young 1982), and provide a wide variety of

specialist (MacArthur 1972, Karr 1971, Lack 1971, Cain 1969, Levins 1968, MacArthur et al. 1966)

and generalist habitats (Hawkins et al. 1992, Price 1980, Beaver 1979). Erwin (1982), extrapolating

from data on canopy insects collected by fogging, together with estimates of tropical plant host

specificity, suggested that one hectare of forest in Panama may have in excess of 41 000 species of

arthropods. From this, Erwin (1982) estimated that arthropods may number as many as 30 million

extant species globally. However, this figure, is now considered inflated (Hammond 1992, 0degaard

et al. 2000), and 10 - 15 million is more probable (Stork 1999). Hammond (1992) estimates

arthropods to be 72 % of all organisms, while insects are an estimated 89% of these. It is this sheer

diversity of forest insects that presents an enormous challenge to conservation (Bignell & Bignell

1997, Stork 1991, Hammond 1990, Palm 1959). Forest insects, as well as some other arthropods,

being dominant in species richness and abundance, are linked to critical ecological processes and

ecosystem functioning (McGeoch 1998, Simmonds et al. 1994). Yet, little is known of their ecology

(Speight et al. 1999) and many appear to be going extinct without us having any knowledge 01 their

biology (Mawdsley & Stork 1995).

Species extinction may be a result of habitat destruction and fragmentation, introduced

species (alien invasives), chain extinctions and overkill (over-collecting) (Mawdsley & Stork 1995).

These have not yet impacted on some dense tropical forests and they have had their biological

diversity preserved simply due to their inaccessibility (Damodaran 1994). However, tropical forests

overall are the most threatened habitat type (FAO-UNEP 1982, Huse 1994). These habitats cover

only about 6 per cent of the earth's land area (FAO-UNEP 1982). Out of the 1.5 to 1.6 billion ha that

existed in the recent past, tropical forests now only cover approximately 900 million ha. There is a
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general agreement that between 78000 and 96200 square kilometers (about 1%) ofthese habitats is

eliminated through human activity every year (FAO-UNEP 1982, Balakrishnan 1994).

The introduction of an alien species can affect forest communities directly through species

interactions such as predation, or indirectly, by altering resource availability (Sandlund et al. 1999,

Mooney & Hobbs 2000). Furthermore, it appears that island species are more susceptible to decline

and extinction as a result of an introduced (alien) species, than are the mainland species (D'Antonio

& Dudley 1995). The invasive species Rattus rattus (Linnaeus, 1758) (common rat) and Mus

musculus (Linnaeus, 1758) (brown mouse), have had a devastating impact on the indigenous fauna

on many islands, including those in the Seychelles (Racey & Nicoll1984).

Cousine Island, in the Seychelles archipelago, is exceptional. It has not been invaded by

either the common rat or the brown mouse, and is a relatively undisturbed tropical forest ecosystem

(Samways 2000). Because little is known about tropical forest-floor arthropods, Cousine provides an

opportunity to study these organisms in a relatively pristine environment.

Forest-floor inhabiting arthropods are poorly understood because of their small sizes and

cryptic habits. Yet they are of great importance in understanding complex processes of nutrient

recycling, and contribute to studies of comparative biological diversity, forest management, and

conservation (Coddington et al. 1997, Hoekstra et al. 1995, Kremen et al. 1993, Stork 1988).

Furthermore, arthropods in the tropics are a major link in food webs (Anderson 2000, Young 1982,

Orians 1969).

Within a tropical forest, there are several vertical layers or levels that are biologically distinct

(Speight & Wainhouse 1989). However, it is becoming clear that the forest floor supports species

numbers approaching that of the canopy, and overall, the arthropod abundance in these ground
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habitats may be greater (Andre et al. 1994, Purvis & Hammond 1990, Stork 1988). The composition

and patterns of these arthropods is still poorly known, even in areas that have been thoroughly

collected e.g. North America (Carton & Robinson 1998). The arthropods found on the forest floor

include saproxylic species, which depend mostly on dead wood for some part of their life cycle (Key

1993, Speight 1989, Hickin 1975). Saproxylic arthropods include not only those that feed on the

wood itself, but also predatory and parasitic species, and species that feed on fungi , both within and

outside the dead wood (Grove & Stork 1999, Lomholdt 1975). Some species feed on the sap that

exudes from trees , while others use empty insect emergence holes for nesting. The adult stages of

many insects that inhabit logs as larvae do not live in dead wood but are either pollen or nectar

feeders on flowers, or are predatory on other invertebrates (Key 1993). There are at least three

feeding guilds among saproxylic insects, i) bast- and wood-feeders, ii) fungivores, and iii) predators

(Howden & Vogt 1951). They contain representatives from all major insect orders. Saproxylic insect

assemblages are functionally dominant (Elton 1966), and speciose (Siitonen 1994) , and include many

naturally rare species (Stork & Hammond 1997). Some are particularly vulnerable, as their highly

specialised niches may be present on only tiny proportion of trees at a site at anyone time, or they

may have poor powers of dispersal and so do not easily colonise new sites, or new trees (Key 1993).

Many saproxylic arthropods are confined to forest relics with the highest continuity of suitable

conditions (often reflecting a long-term absence of intensive management) . The consequent

significance of saproxylic insects as habitat continuity indicators has come to be widely recognised

in the last few years (Harding 1995, Harding & Alexander 1994, Speight 1989) , and the group as a

whole has been adopted for use in ecological assessments (e.g. Fowles 1997, Good 1997, Grove

1990).

Some saproxylic species are threatened with extinction and gazetted in national red data

books (Berg et al. 1995, Shirt 1987). Throughout Europe, saproxylic species have been identified as

the most threatened community of invertebrates (Key 1993). Of the red-listed insects in Swedish
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forests , 69% are saproxylic (Berg et al. 1994). In Scandinavia and the UK, many red-listed species

are confined to decaying wood (Mawdsley & Stork 1995, Mikkola 1991). In Sweden, 80% of the red

listed forest insects are saproxylic and dependent on specific habitat elements, mainly old trees , logs

and snags (Berg et al. 1994).

As regards forest-floor arthropods, Cousine Island is significant from another point of view.

The island has a large population of two endemic skinks, Mabuya seychellensis (Seychelles skink)

(Dumeril & Bibron, 1836) and Mabuya wrighii (Wrights skink) (Boulanger, 1911) and resident birds

(most notably Gallinula chloropus (Common moorhen) (Linnaeus, 1758) , Copsychus sechellarum

(Seychelles magpie robin) (Newton, 1867), Foudia seychellarum (Seychelles fody) (Newton, 1867).

During the sea/migrant bird breeding season, thousands of birds (the lesser noddies (Anous

temirostris) (Howard & Moore, 1984) estimated to be 70 000 to 75 000 breeding pairs) provide food

in the form of dropped fish, seaweed, eggs etc., which is used by the resident island vertebrates and

arthropods. However, when the seabirds leave the island, the resident vertebrates survive by feeding

on the arthropods (LeMaitre 1999), which largely seek refuge and food in fallen logs and in the leaf

litter.

This study explores various aspects of the habitat that may influence the distribution and

assemblage structure of forest-floor arthropods, particularly those associated with fallen logs and

woody litter. It is speculated here that decomposition stage oflogs, type oflog, and forest type in

which the logs and litter occur, are important for determining arthropod assemblage composition and

structure. A knowledge of such log characteristics is then used to enhance meaningful conservation

efforts on forest-floor arthropod assemblages.
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STUDY AREA

The Seychelles archipelago comprises about 45 islands (exclusive of islets and atolls), 1000

km northeast of Madagascar (Roth 1995), and has a total land area about 388 km'. Formerly, it was

heavily forested, but most of the forest has now been cut (Darlington 1957).

This study was undertaken on Cousine Island (Figure 1.1) which is a small granitic island

within the Seychelles Inner Island group (Figure 1.2) (4°20' Sand 44°40' E) (Braithwaite 1984). It is

one of the smallest islands of the Inner Island group, being just over 1 km long and 400 m at its

widest point, and an area of27 ha (Bourquin 1997). The island has a humid tropical climate with

mean monthly temperature of25.7 °c - 27.8 -c and with the diurnal ranges of3 "C - 4.2 QC. The

relative humidity varies little, usually between 75 % r.h.- 80 % r.h. (Bourquin 1997, Iyer & Francis

1941). Cousine also experiences southeasterly trade winds from May to October, and lighter more

variable northwesterly monsoon winds from December to March (Bourquin 1997). The average

annual rainfall from 1993 to 1996 was 1742 mm with a range of 1466 to 2196 mm (Bourquin 1997).

The average minimum and maximum temperature for the duration of this study (February to April

1998) were 28.5 ± 0.18 °c and 32 ±0.13 -c respectively. The humidity ranged from 74.5 % to 98.5

% r.h. with a mean of 81.2 % r.h.. The total rainfall over these three months was 212 mm.

The most significant features of Cousine Island, and the main reasons why it was chosen for

this study are:

•

•

•

The isolation of the Seychelles islands makes them biologically important as they support a

large number of endemic species (Stoddart 1984a, 1984b)

Cousine's forests are largely intact. Most of the island's forest remains, and there are very

few impacts that detract from its original, natural state.

The invader species, Rattus rattus and Mus musculus, two rodents that have had a

considerable impact on the fauna of other Seychelles islands (Racey & Nicoll 1984) do not

occur on Cousine.
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• It is one of the few islands that supports highly threatened bird species and many endemic

Seychelles species (Bourquin 1997).

I

•

Figure 1.1 Cousine Island (from Amin 1991)
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Figure 1.2 Position ofCousine Island within Seychelles Inner Island group (adapted from Amin & Willetts 1994)
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Bourquin (1997) described 26 vegetation types on Cousine Island. Many of these vegetation

types are very small or consist of grasslands, herblands or shrublands. Only the indigenous forests

were considered for this study, as the other areas were without logs. Thus the study area consisted of

five forest types covering 34 % of the island area (Figure 2). These were Pisonia grandis

(Summerhayes, 1932) forest (Figure 2.1) , P. grandis / Ficus spp. forest type 1 and 2 (Figure 2.2) ,

Ficus spp. forest (Figure 2.3) and the Euphorbia pyrifolia (Summerhayes, 1932) / Ficus spp. forest

(Figure 2.4). These forest types were very distinctive, each with its own unique composition of flora ,

except P. grandis / Ficus spp. forest types 1 and 2, which were very similar to each other.

8
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Figure 2 Forest types ofCousine Island (adapted from Bourquin 1997).4 = P. grandis, 1 = P. grandis / Ficus spp., 5 = P.

grandis / Ficus spp., 2= Ficus spp., 3= E. pryifolia / Ficus spp., (the forests are listed in the order they were sampled)
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1) P.grandis forest type

Figure 2.1 Pisonia grandis forest type

The P.grandis forest type is an indigenous area dominated by P. grandis. Other plant species

present included Cocos nucifera (Linnaeus, 1952), Ipomoea pescaprae (Summerhayes, 1932),

Canavalia cathartica (Fridemann, 1994) and Datura metel (Friedmann, 1994) (Figure 2.1).
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2) P. grandis / Ficus spp. forest type 1 and 2

Figure 2.2 Pisonia grandis / Ficus spp. forest type

The P. grandis / Ficus spp. forest type is an indigenous area dominated by P.grandis, Ficus

spp., Morinda citrifolia (Robertson, 1989), E. pyrifolia, Calophyllum sp. and C. nucifera.

Nephrolepis biserrata (Christensen, 1912) was a common ground cover plant (Figure 2.2).

3) Ficus spp. forest type

Figure 2.3 Ficus spp. forest type
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The Ficus spp. forest type is an indigenous area where Ficus reflexa (Summerhayes 1932)

and Ficus lutea (Summerhayes 1932) made up about 60% ofthe canopy, with P. grandis and C.

nucifera present at low percentages. Ground cover was dominated by N biserrata (Figure 2.3).

4) E. pyrifolia / Ficus spp. forest type

Figure 2.4 Euphorb ia pyrifolia / Ficus spp . forest type

The E. pryifolia / Ficus spp. forest types is an indigenous open woodland community where

F. reflexa and E. pyrifolia were the prominent trees . Other herb species present were N biserrata,

Asystasia gangetica (Fleishmann, 1995) and Panicum brevifolium (Robertson, 1989) (Figure 2.4) .
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MATERIALS AND METHODS

STUDY SITE ENVIROMENTAL ATTRIBUTES

Estimating the total study area and percentage rock cover

The total study area was calculated using graph paper with 2 mm X 2 mm squares over a map

(scale I: 4000) (Lawrence 2000). Very little leaf and woody material remained on the rock surface,

therefore subtracting the percentage of the rock cover in each study site from the total area of each

study site gave good estimates of the total litter area.

The rock cover was determined by using five sets of 20, randomly selected, line transects of

10 m each, in each forest type. The random sampling was decided by using equal-sized pieces of

paper with a compass direction and a distance number. These were drawn from separate plastic bags.

The numbers represented the direction and the distance (in meters) to the sample site or start of each

transect. This method was used for all random transect sampling in this study. A rock that influenced

distribution of woody or leafmaterial was defined as larger than 0.5 m x 0.5 m. The length of the

rocks were measured and totaled for each transect. The mean percentage ±l S.E., and the area that

was not covered by rocks was calculated. These results were later used in the calculations of the

density and biomass of leaf and woody materials. The rock cover did not affect the calculations of

the log density and biomass, as the logs were not naturally cleared of the rock surface as was the leaf

and woody material.
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Estimating tree density

The arthropod communities in this study are dependent on a continued supply, as well as

current availability, of logs. The density of trees was therefore estimated as they were potentially the

future natural source of the logs. Over 95 % of the forest trees were mature (greater than 10 cm

diameter stem), being at plagioclimax, with the occasional seedling taking advantage of the sunlit

gaps. Each habitat type was sampled using 25 random strip-transects. The number and species

composition of trees were estimated using 2 m x 10 m strip transects. The transects were randomly

placed as described above. The mean number of each tree species ±l S.E. per transect and the total

number of trees was calculated for the study area.

Estimating log, woody and leaflitter composition and biomass

Logs in this study were defined by their diameters being more than 10 cm and having a

length more than 50 cm. Woody litter in this study includes a wide variety of types and sizes of

materials. Types of woody litter included snags, logs, chunks ofwood (which resulted from

disintegration of larger snags and logs), large branches, and coarse roots. However, a recommended

minimum diameter of greater than 2.5 cm was used for all woody litter types (Harmon et al. 1985),

as some ecologists (e.g. Christensen 1977) make no distinction between coarse and fine woody litter.

a) Log, woody and leaflitter composition

Log type composition was estimated using 25, 2 m x 10 m strip transects in each forest type.

The woody and leaflitter composition measurements were estimated by using 0.5 m x 0.5 m

quadrats. Twenty quadrats were placed randomly in each of the study sites. At each quadrat site, all

organic material was removed from the soil surface. The leaf litter and woody litter were separated.

The logs, woody litter and leaflitter were identified easily, as the wood, bark or leaf shape for the
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dominant species is very distinctive. Using the area calculations, the mean number ±1 S.E., for each

type of log, pieces of woody litter and leaves per transect or per quadrat was calculated. The

composition was then expressed as percentages for the whole study area.

b) Log, woody and leaf litter biomass

The term 'biomass' sometimes refers to dry weight, sometimes to fresh weight (Peterson &

Luxton 1982). In this study, it refers to dry weight. The forest floor litter can be divided into three

components: logs, woody and leaflitter. The biomass of each component was calculated as follows:

i) Log biomass

25 log samples of each of the three dominant tree species were collected and air-dried.

Anderson & Ingram (1989) suggest that all samples are air-dried followed by oven drying before

being weighed. However, owing to lack of facilities on Cousine Island to handle the large number of

samples and the continued threat of rain, alternate approach had to be used. Each sample was placed

in an open bucket, in a room housing a large electricity generator, which produced a considerable

amount ofheat. A bucket was used, due to space constraints and air movement on the ground caused

by the generator. They were left for a standard comparative period of three days before being

weighed. Trial testing showed that log material did not lose significant weight after this period. The

mean ±1 S.E. minimum and maximum air temperatures in the generator room, for the duration ofthe

study period, were 30.7 ± 0.2°C and 46.0 ± OAoC. The larger logs were carefully broken up to ensure

even drying. The samples of each log type were then weighed to the nearest 0.2 g, using portable

Pisola scales. The log volume was calculated (V= pi2 sum of d2/8L, where V is the volume, d is the

diameter of a piece, and L is the log length (Harmon et al. 1985) based on the assumption that the

logs were cylindrical in shape). This gave a working weight-to-volume ratio for each log type.
)

/
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Each forest type was sampled using 25, 2 m x 10 m random strip transects. All the logs were

identified on bark appearance, and texture and colour of wood. Diameters and lengths were also

measured. The volumes were calculated, and the weight-to-volume ratio was applied. The mean

mass ±1 S.E. for each log type per transect was calculated to determine the total mass of the log

material for each forest type and the overall study area.

ii) Woody and leaf litter biomass

Leaf and woody litter biomass measurements were calculated by using 20, 0.5 m x 0.5

m quadrats randomly placed in each of the study sites. At each quadrat site, all loose litter material

was removed from the soil surface and leaflitter and woody litter separated. The litter was then

sifted using a 2 mm mesh to remove as much loose soil as possible. The woody litter was sorted and

carefully broken up to ensure even drying. The woody and leaflitter was then air dried (as above).

The samples were then weighed to the nearest 0.2 g. The mean ±1 S.E. of woody and leaf mass per

quadrat was calculated to determine the total biomass of the leaf and woody litter.

Estimating forest types and their log, woody and leaf litter biomass

a) Forest type flora

The site flora in each forest type are summarised by Bourquin (1997) . These observations

were confirmed by a visual survey and identification of the floral species.

b) Total area of each forest type and percentage rock cover

Each forest type area was sampled using 20 random transects. The mean percentage ±1 S.E.

of the area and rock cover were calculated.

c) Composition and biomass oflogs, woody and leaflitter in each forest type.

The biomass of the logs, woody and leaf litter was calculated for each forest type using the

same methods that were used for estimating the biomass for the whole study area.
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SAMPLING OF ARTHROPODS FROM LOGS

Logs had first to be categorised and sampled before arthropods were sampled. The logs

collected for the arthropod assemblage comparisons were classified by four ecological variables,

decomposition stage, log type, forest type and the combination of forest type and log type. The logs

in each of these categories were collected randomly. Each log was assigned a random number from a

random number table (Abramowitz & Segun 1968) to determine the order in which they were

collected. In all cases, the entire log was sampled. The results from the previous section clearly

indicated the species, P. grandis, Ficus spp. and C. nucifera to be the most dominant and they were

selected to be sampled for the arthropod community comparison.

Estimation oflog decomposition

Measuring rates of decay in wood is difficult, principally because decay is slow and

heterogeneous (Graham & Cromack 1982). The logs were thus collected from all the forest types in

the study area and were classed according to guidelines provided by Torres (1994), which involves

criteria such as elevation above the ground, presence of bark and twigs, and finally, physical

properties of the heartwood and sapwood. These guidelines were modified for the logs on Cousine,

which did not have twigs or distinctive sapwood and heartwood. In the case ofP. grandis and Ficus

spp. logs, once a log had fallen, the bark disintegrates and fell off the bole rapidly. This situation

meant that the logs fell into two categories: one with the bark just beginning to disintegrate and the

other with the bark largely or completely absent (Table 1). The bark around the C. nucifera logs is

very hard and robust. This resulted in the breaking of the bark to assess the log's class of

decomposition. Therefore, this log type was not sampled for decomposition, although it was for other

characteristics. Twenty P. grandis and Ficus spp. logs from each decomposition class were collected.
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Table 1: The decomposition classes of the logs found in the forested area of Cousine Island.

Class Elevation class Bark (% remaining)

Class 1 Elevated from the ground Partly removed (> 80%)

Class 2 Elevated from the ground Completely or largely absent « 2%)

Class 3 Partially on the ground / base on the ground Partly removed (> 80 %)

Class 4 Partially on the ground / base on the ground Completely or largely absent « 2%)

Estimating environmental characteristics of log types and influence of log type

One of the important factors affecting arthropods in logs is temperature and moisture

(Graham 1925). Temperature within the log has an important influence in determining the part of the

log attacked by the different taxa (Graham 1925, Speight & Wainhouse 1989).

Temperature and humidity ofthe log's upper surface, the area between the ground and the

log, the log 's core, and the surrounding leaflitter, was measured, in situ, using a portable

hygrothermometer. The ambient shade air temperature and humidity adjacent to the log was recorded

as a control.

5 logs of each species present in a forest type were collected. This resulted in 20 P. grandis,

20 Ficus spp. and 10 C. nucifera logs being sampled, for arthropod extraction.

Influence of forest type

10 logs of each type were collected in each forest type to determine the influence of forest type

on the arthropod assemblages. Thus number oflogs sampled were:

• lOP. grandis logs in P. grandis forest type
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• lOP. grandis logs and 10 Ficus spp. logs in P. grandis / Ficus spp. forest types 1 and 2

• 10 Ficus spp. logs in Ficus spp. forest

• lOP. grandis and 10 Ficus spp. logs in E. pryifolia / Ficus spp. forest.

Woody litter arthropod communities

The litter samples were collected from the 0.5 m x 0.5 m quadrats. 10 quadrats were collected

from each forest type. All the litter was collected (down to the soil surface) and the arthropod

extraction followed the same techniques as those applied to the log specimens.

Extraction and sampling of arthropods

The log and litter samples selected were placed directly into a large plastic bag. The log

material was examined while still contained in the plastic bag, and the larger conspicuous arthropods

were collected by hand as they emerged. There were problems with collection of small, often fast­

moving arthropods, as fumigation is not permitted on the island. Therefore the sample was placed in

a plastic bucket. The bottom of a plastic bucket was removed and a 1 cm2 wire mesh substituted.

This was joined to a large funnel. A collection jar filled with 70 % ethyl alcohol was placed beneath

the funnel. The arthropods were driven from the broken-up wood material by light and heat supplied

by a 60W bulb. Each sample was carefully broken-up and sub-divided into two buckets. These were

left for 72 hr with the light on for two periods of 8 hr each (as and when electricity was available).

The sample was then further examined after removal from the buckets to check for remaining

specimens. The specimens were bottled in 70 % ethyl alcohol and brought back to the laboratory for

sorting. The bottles were sorted at random to ensure that fatigue and familiarity were evenly

distributed across all samples. Owing to inadequate taxonomy and life history knowledge of tropical

soil arthropods, there are only a few reliable keys for identification of adults, and none for the early
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stages (Lawton et al. 1998, Niemela & Baur 1998, Wheeler & Cracraft 1997, Samways 1994,

McLean & Speight 1993, Kremen et al. 1993, Kremen 1992, Pearson & Cassola 1992). Therefore,

the arthropods in this study were sorted into morphospecies (see below) of higher taxa using various

guides (Roth 1995, Scholtz & Holm 1994, Golovatch & Korsos 1992, Wanless 1983, Lewis 1981,

Ferrara & Taiti 1972, Kaston 1972, Sutton 1972, Hughes 1959, Cloudsley-Thompson 1958, Imms

1957, Baker & Wharton 1952, Carpenter 1916). Nevertheless, an attempt was made, where possible,

to identify some of the specimens (Appendix 1). M.l. Saaristo (Zoological Museum, Centre for

Biodiversity, University of Turku, FIN-20014, Turku, Finland) assisted with the Arachnida and J.

Gerlach (The Nature Protection Trust of Seychelles, 133 Cherry Hinton Road, Cambridge, CBI

7BX, United Kingdom) with the arthropods in general. Taxonomic difficulties have so far prevented

species-level identification ofDipIura, Thysanoptera, Collembola, Diptera and Acari. Each specimen

was counted and recorded. A reference collection was established. Many of the specimens are

housed on Cousine Island, while others are at The Nature Protection Trust of Seychelles, United

Kingdom (all taxa), and the University ofTurku, Finland (spiders).

As less than 20 % of all insect species have been described (Stork 1997, Hammond 1995,

Stork 1993, Erwin 1982) it becomes obligatory to sample morphospecies i.e. physically recognisable

taxonomic units (RTUs) (Oliver & Beattie 1992). Morphospecies however, have shown to be very

valuable for comparative studies between sites (Oliver & Beattie 1992). The intensive collection of

arthropods, classified as morphospecies in a multiple-taxa inventory are restricted by the taxonomic

scope of the taxa involved (Heywood & Baste 1995). The method could result in many species with

similar gross morphological structure being incorrectly classified in one unit (resulting in an

underestimation of species richness), or species with different castes, being separated (resulting in an

overestimation of species richness) (Slotow & Hamer 2000). However where the collection of the

arthropods is intensive and the overall aim of the project is to make immediate conservation

recommendations, the use of morphospecies becomes necessary (Heywood & Baste 1995). Indeed,
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at least for comparative purposes, the use of morphospecies is relatively accurate with only a 14.4 %

error on the part of a relatively untrained biologist (Oliver & Beattie 1992).

STATISTICAL ANALYSIS

Arthropod community statistical analysis

The arthropod data were classified according to four ecological variables:

• Decomposition stage

• Log type

• Forest type

• Log type and forest type.

Firstly, the arthropod species richness was plotted for a visual comparison between the

means, quartiles and ranges of each group. The comparisons between species number were then

tested for any significant difference using Analysis of Variance (ANOVA) for multiple samples, and

Student's t-test for two samples with unequal variances (Freund 1992). ANOVA is a powerful and

versatile tool and is well suited to identifying interactive processes. The assumptions stipulated by

the ANOVA were met by the data set (independence and homogeneity of data). Also ANOVA is

relatively robust to non-normality. 'In other words, its outcome and interpretation are not affected by

the data being non-normal' particularly when the sample size and number of replicates is large

(Underwood 1997). The data were also tested for trends in the arthropod community assemblage

using Correspondence Analysis (COA) (Ludwig & Reynolds 1988), using Canonical Community

Ordination - CANOCO version 4 package. Because the data are distributed across the

morphospecies gradient in a non-linear way, i.e. some ofthe arthropods are present in some samples

but absent in others, the use of COA is appropriate (Ter Braack 1985, Ludwig & Reynolds 1988,
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Craig Morris pers. comm.). The use of COA, also allows the eigenvalues of the data set to be

extracted in descending order of magnitude. Thus, the eigenvalues given represent the largest

percentage of the total variation in the data set (Ludwig & Reynolds 1988) The data were 10glO

transformed to avoid bias of the very high or very low individuals number in some of the species

(Ter Braak 1985, Craig Morris pers. corn.). These results were plotted as scatterplots. The data were

also tested using the Bray-Curtis index (Faith et al. 1987) to illustrate the similarities between the

arthropod communities and allow these to be represented visually in the form of dendrograms.

Classification of arthropod communities

The data were classified according to the same four ecological variables as mentioned above.

The arthropod assemblages were classified in terms of:

The percentage of species relative to the total number of species in the survey.

The percentage of species unique to each group relative to the total number of species for that

group.

• The percentage of endemic species in a grouping relative to the total number of endemic

species in this study.

The results of this classification were analysed to find the recommendations for conservation

strategies.
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RESULTS

OVERALL STUDY SITE ENVIROMENTAL ATTRIBUTES

The P.grandis / Ficus spp . forest 1 and 2 results were combined for this section, as they were

almost identical.

Study area and percentage rock cover

The study area was 7.85 ha, 35 % of the whole island. The area that was free from significant

rocks was only 4.42 ha (18 % of the island). The forest types were variable in size , the smallest being

Fiats spp. (0.98 ha) , while the largest was P. grandis / Ficus spp. (2.47 ha). This order did not

change when the rock cover factor was considered (Table 2).

Table 2 Area (ha), mean percentage rock cover ± I S.E. (n=20) and the area of the site with no rock cover for each forest

type.

Forest type Area (ha) % rock cover Area with no rock cover (ha)

P. gra ndis 2.06 51.91 ± 16.65 0.99

P. grandis / Ficus spp. 2.47 38.05 ± 11.97 1.53

Ficus spp. 0.98 36.16 ± 12.43 0.63

E. pyrifolia /- Ficus spp. 2.34 45.94 ± 12.09 1.27
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Tree density

The forest tree species composition in the overall study area was dominated by P. grandis

(48.2 %) and Ficus spp. (43.2 %) (Figure 3). There were an estimated 6500 P. grandis, 5840 Ficus

spp. and 757 C. nucifera trees on the island.

C. nucifera, 5.5%

Other, 3.1%

P. grandis, 48.2%

Ficus spp., 43.2%

Figure 3 Percentage of tree species in all forest types combined

Composition and biomass of forest floor litter

The log material comprised 65.5 % of the forest floor organic material (= 429.22 t.ha"). The

woody litter contributed 27.8 % (= 6.80 t.ha"). Allleaflitter made up 6.7 % (= 1.07 t.ha") (Figure

4).
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Woody litter, 27.8% --j...-------;I

Leaf litter, 6.7%

Log material, 65.5%

Figure 4 Percentage offorest floor organic litter biomass (for all forest types)

a) Log type composition and biomass estimates

Log abundance was dominated by P. grandis (48.7 % of all logs) and Ficus spp. (43.8

%) (Figure 5). This trend closely followed the tree species composition (P. grandis (48.2 %), Ficus

spp. (43.2 %) and C. nucifera (5.5 %» (Figure 3). Thus the weight to volume ratio for each log

species was calculated to be: P. grandisx = 0.2 ± 0.02 g.cm" (n= 25), Ficus spp. x= 0.34 ± 0.03

g.cm" (n= 25) and C. nuciferax= 0.14 ± g.crn" (n= 25). Log biomass was dominated by P. grandis

(76.3 %) (Figure 6), indicating that this log type is larger in size than the Ficus spp., bearing in mind

that log type numbers were similar.
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P. grandis, 48.7%

Other, 2.1%

C. nucifera, 5.4%

Ficus spp., 43.8%

Figure 5 Percentage of the number oflogs for each log type (for all forest types)

P. grandis, 76.3%

Other, 0.2%

C. nucifera, 3.8% ~-_

Ficus spp., 19.7% -""""i--------\

Figure 6 Log type biomass percentage in all forest types combined.
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b) Woody litter biomass and composition estimates

P. grandis (76.4 %) dominated the woody litter on the forest floor (Figure 5).

Overall, P. grandis , Ficus spp. and C. nucifera dominated the woody litter, with very little woody

litter from any other species (0.05 %) (Figure 7).

C. nucifera, 3.8% --- .....-rI--_

Ficus spp., 19.8%

P. grandis, 76.4%

Figure 7 Percentage of woody litter types biomass (for all forest types)
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FOREST TYPE ENVIROMENTAL ATTRIBUTES

The biomass of the logs was highest in the P. grandis forest type (= 399 780 kg), being up to

36 times the log biomass in other forest types, and the highest biomass of woody litter (= 4031.2 kg),

despite it being the second smallest forest type. The E. pryifolia / Ficus forest had the lowest

biomass of organic forest floor litter (Table 3).

Table 3 Estimated biomass (kg) of the logs, woody and leaf litter in each of the forest types .

Forest type Log biomass (kg) Woody litter (kg) Leaf litter (kg)

P. grandis 399780 4031 .2 375.2

P. grandis - Ficus spp. 39800 1590.1 385 .5

Ficus spp. 18770 750.8 243.2

E. pyrifolia - Ficus spp. 10850 428.1 72.4

a) Log type number and biomass estimates in each forest type

The P. grandis forest type, although dominated by P. grandis logs (97), had some

Ficus spp. and C. nucifera logs (Table 4), and the biomass estimates in this forest type were for the

P. grandis log type were significantly higher than those of the Ficus spp . (394468 and 3094 kg 20

m" , respectively) (Table 5). In the P. grandis / Ficus spp . forest type there were more P. grandis

logs than in the P. grandis forest type, while the P. grandis / Ficus spp. forest type had the highest

number oflogs (Table 4).
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Table 4 Mean number oflogs per transect ± 1 S.E. (n=25) and total number of logs in each forest type.

Site P. grandis Total Ficus spp . Total C. nucifera Total

P. grandis 1.4 ± 0.27 97 0.33 ± 0.16 23 0 0

P. grandis / 1.6 ± 0.67 133 1 ± 0.34 83 0.2 ± 0.11 17

Ficus spp.

Ficus spp. 1.07 ± 0.43 35 1.33 ± 0.51 44 0.66 ± 0.66 22

E. pyrifolia / 0.67 ± 0.23 52 1.27 ± 0.42 99 0 0

Ficus spp.

Table 5 Mean ± 1 S.E. biomass (kg.20 m") of the logs per transect (n=25) and the total mass (kg) of logs in the forest

types.

Forest type P. grandis Total Ficus spp . Total C. nucifera Total

P. grandis 196.9 ±46.8 394465 6.25 ± 3.98 3093.7 4.5 ± 2.68 2227.5

P. grandis - Ficus spp. 20.33 ± 6.72 15552 27.25 ± 6.95 20846.2 4.45 ± 2.63 3404.2

Ficus spp. 33.3 ± 5.89 10 489 16.9 ± 8.51 5323.5 9.4 ± 6.27 2961

E. pyrifolia - Ficus spp . 10.3 ± 4.31 6540.5 6.8 ±2.5 4 318 0 0

b) Woody litter biomass estimates in each forest type

The P. grandis forest type supported a higher P. grandis woody litter density (169.9 ±

46.7 kg per quadrat) than the other forest types (Table 6). The biomass estimates for the logs and

woody litter show that one average sized P. grandis log has the equivalent biomass of 1360 average

quadrats of woody litter. Also, one average sized Ficus spp. or C. nucifera log has the equivalent

biomass of 134 and 220 quadrats ofwoody litter respectively.
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Table 6 Mean ± 1 S.£. biomass (kg.0.5 m") of the woody litter per quadrat (n=25) and the total mass (kg) for each forest

type.

"'....
Forest type P. grandis Total Ficus spp. Total C. nucifera Total

1-

P. grandis 169.9 ± 46.7 3898.6 6.25 ± 3.9 123.7 4.5 ± 2.6 8.9

P. grandis / Ficus spp. 20.3 ±6.7 621.1 27.2 ± 6.9 832.3 4.4 ± 2.6 136.7

Ficus spp. 33.3 ± 5.8 419.5 16.9 ±8.5 212.9 9.4 ±6.2 118.4

E. pyrifolia / Ficus spp. 10.3 ±4.3 255.4 6.8 ±2.4 172.7 0 0

c) Leaflitter biomass estimates in each forest type

The leaf litter biomass per quadrat was the highest in the Ficus spp. forest type (Table

7), which is the smallest forest type (Table 2).

Table 7 Mean ± 1 S.£. leaf litter biomass (g.0.5 mOZ) per quadrat (n=25) and total mass (kg) of the leaf litter for each

forest type.

Forest type Mean litter wt per quadrat (g) Total mass (kg)

P. 1.95 ± 5.05 375.2

P. grandis - Ficus spp. 12.6 ± 7.54 385.5

Fic us spp. 19.3 ± 9.19 243.2

E. pyrifolia - Ficus spp. 2.85 ± 0.73 72.4

ARTHROPOD COMMUNITIES IN DIFFERENT HABITATS

The log environment

The dominant logs had distinctly different appearances. A brief description of each follows:
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a) P. grandis

P. grandis log texture is soft and flake-like without a hard core (heart wood) . P.

grandis bark is papery and is easily lost early in the decomposition process, except on the smaller

branches and twigs. The woody material retains moisture so that the logs tend to become

waterlogged (Figure 8.1).

Figure 8.1 P. grandis log (scale ruler = 30 cm)

b) Ficus spp.

Ficus spp. refers to F. reflexa and F. lutea, the logs ofwhich are similar in all respects

and virtually impossible to distinguish. The Ficus spp. log texture is harder than that ofP. grandis

and more cork-like. Throughout the decomposition process, the logs have a tunnelled, honeycomb

appearance. The bark is hard and not usually thicker than 5 mm, often broken, with only small

sections remaining attached to the log (Figure 8.2).

Figure 8.2 Ficus spp. log (scale ruler = 30 cm)
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c) C. nucifera

C. nucifera logs tend to remain intact, through having a very hard bark, which

surrounds the inner woody material. This bark is often present as a whole, even after the inner wood

has completely decomposed. The inner material consists of long, string-like fibres that run in

parallel. Late in the decomposition process, the inner material becomes soft but remains fibrous. The

inner material retains moisture and tends to become waterlogged (Figure 8.3) .

Figure 8.3 C. nucifera log (scale ruler = 30 cm)

The highest temperature difference was between the ambient air temperature and the log core

temperature (these differences were : P. grandis 2.2
QC,

Ficus spp 2.1QC and C. nucifera 2.2QC lower

than the ambient air temperature). Overall, the C. nucifera logs had the greatest temperature

difference between 1) the core and under the logs, 2) the core and on the log surface, and 3) the inner

core and the surrounding leaflitter (Table 8).
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Table 8 Decrease in mean (±I S.E.) temperature compared with the higher ambient air temperature eC) for the three log

types, P.grandis (n=20), Ficus spp . (n=20) and C. nucifera (n=10).

Log type 2 3 4 5

P. grandis 2.2 ±0.3 1.7 ± 0.3 1.4 ± 0.3 0.04 ±0.02 0.8 ±0.2

Ficus spp. 2. 1 ± 0.2 1.7 ± 0.3 0.87 ± 0.2 O.I±O.1 0.8 ± 0.2

c. nucifera 2.2 ± 0.4 2.5 ± 0.5 1.6 ± 05 1.1 ± 0.2 2.2 ± 0.4

1 - Ambient air temperature versus log core temperature

2 - Log surface temperature versus temperature under the log

3 - Log core temperature versus log surface temperature

4 - Log core temperature versus temperature under the log

5 - Log core temperature versus surrounding litter temperature

P. grandis logs had the highest humidity difference between the ambient air compared with

the log core (15 % r.h.), and the surface of the log compared with the log core (14.2 % r.h.). Also ,

Ficus spp. logs had the highest humidity difference between the log core and the log surface (13.4 %

r.h.) (Table 9).

Table 9 Increase in mean (±1 S.E.) humidity compared with the ambient air humidity (% r.h.) for the three log types, P.

grandis (n=20) , Ficus spp. (n=20) and C. nucifera (n=1O).

-_·_···-.__.···--- - - - ----_--··-_00-· ··_------..·--_·_--

Log type

P. g rand is

Ficus spp.

C. nucifera

15 ± 1.9

12.6 ± 2

14.2 ± 3

2

9.4± 1.7

5.7 ± 1.9

8.7 ± 3.5

3 4 5

----_....__.-
10.9 ± 1.5 1.5±1.3 4 ± 2.1

13.4 ± 5.5 1.8 ± 1.1 4.7 ± 2.3

11.4 ± 2.9 3.2 ± 2 4.6 ± 4.1

1 - Surrounding air humidity versus log core humidity

2 - Surface of the log humidity versus the humidity under the log

3 - Log core humidity versus the log surface humidity

4 - Log core humidity versus the humidity under the log

5 - Log core humidity versus the humidity litter material
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General arthropod composition oflogs

A total of 17 504 specimens were sampled. The species, with partial identification, and

abbreviations used in the analyses are given in the Appendix. A summary of number of

morphospecies and where possible, identified species per major taxon, is given in Table 10. The

reference to species from this point onwards refers to the combination of morphospecies and

identified species.

Table 10 Arthropods found in logs and woody litter on Cousine Island (morphospecies and identified species)

Order / Taxon Number of species

Diptera 61

Coleoptera 58

Lepidoptera 44

Acari 36

Hemiptera 30

Arachnida 26

Collembola 24

Hymenoptera 23

Chilopoda 8

Isopoda 6

Orthoptera 5

Dermaptera 4

Diplopoda 4

Apterygota 4

Isoptera 4

Pseudoscorpiones 3

Thysanoptera 3

Blattodea

TOTAL 344

A total of 344 species were collected in all the logs and woody litter combined. The dominant

groups, in terms of species richness, were Diptera (18 %), Coleoptera (17 %), Lepidoptera (13 %)

and Acari (10 %) (Table 10).
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C. nucifera logs supported the highest mean number ex = 48) of species and the lowest range

and variation about the mean. The other two log types, P. grandis and Ficus spp. had very similar

means ex = 34 and x = 27 respectively) and greatest range and most variation about the mean

compared with the C. nucifera logs (Figure 9).

Using ANOVA, there was a significant difference (p = 0.0003, F2= 3.15) in arthropod species

richness between the log types. Individual t-tests comparing pairs oflog types showed that C.

nucifera was significantly different from both P. grandis and Ficus spp. logs, and there was no

significant difference (p = 0.365, F)= 4.09) in species richness between P . grandis and Ficus spp.
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Figure 9 Comparison of arthropod species richness in the three different log types, 1= P . grandis (n=20), 2=Ficus spp.

(n=20). 3= C. nucifera (n= 10), showing the mean, 1si and 3rd quartiles and range of the data.
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Table 11 Statistical comparison of arthropod richness in the three log types

Log type t-test (95 % confidence level)

p = 0.365 not significant
..._. _~-""_.~".._ " " ."~~~.~-".-"-"~-""-~.---.-~ ~._-..•.....-"-~

P. grandis and Ficus spp.

P. grandis and C. nucifera p = 0.024 significant

Ficus spp. and C. nucifera p = 0.014 significant

Arthropod community structure for each log type

The log type scatterplot shows that the arthropod species assemblage differed widely in all

three log types (Figure lOa). The arthropod species scatterplot showed C. nucifera logs to have a

wide range of arthropod species, with a greater than 85 % cumulative fit (Figure lOb). These

arthropod species include members from each taxon in the survey, except the Isopoda, Dermaptera

and Thysanoptera. This log type also supports three endemic species, AHS12 - Arachnida, Theridion

clabrium, CLS29 - Coleoptera, Colobicones singularis and HMDPS02 - Hemiptera, Seychellesius

niger (Group 1). The P. grandis and Ficus spp. logs had unidentified species of Chilopoda

(CHGPS04) and Thysanura (AHMNS04) respectively in great abundance. The Bray-Curtis

dendrogram also shows that, in terms of the arthropod assemblages, the P. grandis and Ficus spp.

logs were more closely related than either was to C. nucifera (Figure 11). However, the dendrogram

distances for the three species differed by only 0.1 (Table 12).
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Figure 10 COA scatterplot of the arthropod community structure of the three log types.
a) Log type plot, b) Arthropod species plot (~ 80 % cumulative fit shown for axis 1).
(P- P. grandis, F- Ficus spp., C- C. nucifera. Group I consists of: AHSOI, AHSIO, AHSI2, AHSI8, AHS22, AHS22,
AHS25, CHSCS02, CLCUS01, CLS21, CLS28, CLS29, CLS43, DPLAS02, DPS15, DPS39, DPS41, HMDPS01,
HMDPS02, LPS04, LPSlO, LPS23, LPS36, ORGYS03, ORTHS01, PSS02, PSS04. Percentage variance of species
values for axis 1 = 69.6 and axis 2 = 31.4. i.e. Total for both axes = 100. Eigenva1ues for axis 1 = 0.555 and axis 2 =
0.254). Abbreviations for arthropod species are given in the Appendix. Note: AHS12, CLS29 and HMDPS02 are
endemic to the Seychelles archipelago.
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Figure 11 Bray-Curtis dendrogram of arthropod assemblages associated with the three log types P- P. grandis, F- Ficu s

spp., c- C. nucifera.

Table 12 Bray-Curtis dendrogram distance matrix for the log types

Ficus spp.

C. nucifera

P. grandis

0.410

0.538

Ficus spp.

0.502

Influence of rate oflog decomposition on arthropod communities

The results show that decomposition class 1 (logs elevated from the ground and bark partly

removed) had the highest mean number of arthropod species per log ex = 47.5) yet the smallest range

and variation about the mean. The other three groups i.e. class 2 - 4, had a similar means (X= 26.7 ,

36, 30.9 respectively) as well as large ranges and variations about the means (Figure 12).
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Figure 12 Comparison of arthropod species richness in the four decomposition classes, 1=least decomposed, 4=most

decomposed (class 1 to 4, n= 15), showing the mean, 1SI and 3rd quartiles and range of the data,

The arthropod species number per log in the different decomposition classes were

significantly different (p= 0.019, F3= 2.76). The groups were tested separately using the student Hest

and the results of this statistical analysis are given in Table 13. Decomposition class 1 was

significantly different from the other three classes (p= 0.001 for class 2,0.021 for class 3 and 0.003

for class 4). These other three class comparisons were not statistically significant (p = 0.529, F2=

0.644).
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Table 13 Statistical comparison of arthropod species riclmess in the four decomposition classes

Class combinations t-test (95 % confidence level)

~Cl~~-l;~d 2--- -------~~-p = o~ooi significant--~ --~-----'-

Class 1 and 3 p = 0.021 significant

Class 1 and 4

Class 2 and 3

Class 2 and 4

Class 3 and 4

p = 0.003 significant

p = 0.064 not significant

p = 0.170 not significant

p = 0.125 not significant

---~--------------

The decomposition class scatterplot shows the arthropod assemblages in the four

decomposition classes to be widely distributed, suggesting the classes to be very different in terms of

their arthropod assemblage structure (Figure l Ja) . The arthropod species plot shows a wide

distribution of the arthropod species abundance. However, the endemic species, Nesogeophilus

lepochilus (Chilopoda) had a high abundance associated with decomposition class 3 (Figure l Jb),

The Bray-Curtis dendrogram shows classes 3 and 4 to be the most similar. Class 2 is most similar to

classes 3 and 4, with class 1 the least similar to the other classes (Figure 14, Table 14).
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Figure 13 COA scatterplot of the arthropod community structure of the four decomposition classes
a) Decomposition class plot, b) Arthropod species plot ( ~ 80 % cumulative fit shown)
(Percentage variance of species values for axis 1 = 34.3 and axis 2 = 38.8 . i.e. Total for both axes = 73.1. Eigenvalues for
axis I = 0.282 and axis 2 = 0.3 19) . Abbreviations for the arthropod species are given in the Appen dix. Note: CHGPS0 3
and HMCCSOI are endemic to the Seychelles archipelago.
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Figure 14 Bray-Curtis dendrogram of arthropod assemblages associated with the four decomposition classes.

Table 14 Bray-Curtis dendrogram distances matrix for each decomposition class

Class 2

Class 3

Class 4

Class 1

0.563

0.56

0.488

Class 2

0.421

0.506

Class 3

0.469 ·

Influence of forest type on arthropod communities

The differences in the mean number of arthropod species, per log for all log types, in each

forest type are given in Figure 15. The Ficus spp. forest type has the lowest mean number of

arthropods per log ex = 24.8)
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Figure 15 Comparison of arthropod species richness per log in the five forest types. 1= P. grandis (n=l 0),2= P. grandis /

Ficus spp. site 1 (n=20), 3= P. grandis / Ficus spp. site 2 (n=20), 4= Ficus spp. (n=10), 5= E. pyrifolia / Ficus spp .

(n=20), showing the mean, 151 and 3rd quartiles and range of the data.

There was a significant difference (p =0.002, F4= 4.939) in arthropod species richness per log

in the different forest types. Further analysis using t-tests to compare pairs of forest types showed

that there was a significant difference in the arthropod assemblage species richness between the

Ficus spp. and E. pyrifolia - Ficus spp. (p = 0.04 , Table 15) .
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Table 15 Statistical comparison of arthropod species richness in the logs of the five forest types

Forest type

P:-g';:~;di;;;';;~fP: g;;ndi;;Fi~~s spp. site 1 '~'---"'-"~'---p = '6~26 '~t significa~----

P. gra ndis and P. grandis / Fiats spp. site 2

P. grandis and Ficus spp

P. grandis and E. pyrifolia / Ficus spp.

P. grandis / Ficus spp. site 1 and P. grandis / Ficus spp. site 2

P. grandis / Ficus spp. site 1 and E. pyrifolia / Ficus spp.

P. grandis / Finis spp. site 2 and Ficus spp.

P. grandis / Ficus spp. site 2 and E. pyrifolia / Ficus spp.

Ficus spp. and E. pyrifolia / Ficus spp.

p = 0.34 not significant

p = 0.13 not significant

p = 0.15 not significant

p = 0.08 not significant

p = 0.29 not significant

p = 0.23 not significant

p = 0.06 not significant

p = 0.04 significant

The forest type scatterplot shows little association of the arthropod species assemblages

found in logs between the five vegetation types, with the exception ofP. grandis / Ficus spp. site 2,

being similar to the E. pryifolia / Ficus spp. forest type (Figure l6a). The arthropod species

scatterplot shows a number of adult Diptera (DPS 11, DPS02 , DPS04, DPS 17) associated with the P.

grandis / Ficus spp. site 1 forest type (Figure 16b). The trends shown by the forest type scatterplot

are contradicted by the Bray-Curtis dendrogram (Figure 17, Table 16) which shows the two P.

grandis / Ficus spp. sites 1 and 2 log arthropod assemblages to be more closely related. However,

these two sites are linked to the E. pryifolia / Ficus spp., while the P. grandis and Ficus spp. forest

types stand alone.
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Figure 16 COA scatterplots of the arthropod community structure oflogs in the five forest types.
a) Forest type plot , b) Arthropod species plot (~ 80 % cumulative fit shown).
(P= P. grandis , PF 1= P.grandis / Ficus spp. site 1, PF2= P.grandis / Ficus spp. site 2, F= Ficus spp., LW= E. pryifolia /
Ficus spp. Percentage variance of species values for axis 1 = 33.4 and axis 2 = 30.6 . i.e. Total for both axes = 64.
Eigenvalues for axis I = 0.473 and axis 2 = 0.435). Abbreviations for arthropod species are given in the Appendix.
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Figure 17 Bray-Curtis dendrogram of arthropod assemblages associated with the logs in the five forest types . P= P.

grandis, PF 1= P.grandis / Ficus spp. site 1, PF2= P.grandis / Ficus spp. site 2, F= Ficus spp ., LW= E. pryijolia / Ficus

spp.

Table 16 Bray-Curtis dendrograrn distances matrix for the arthropod species assemblage associated with logs in each

forest type.

P. grandis P. grandis/ Ficus spp. P. grandis / Ficus spp. Ficus spp.

Site 1 Site 2

P. grandis / Ficus spp. Site 1 0.609

P. grandis / Ficus spp. Site 2 0.615 0.473

Ficus spp . 0.645 0.638 0.638

E. pryifolia / Ficus spp. 0.668 0.551 0.483 0.678

Influence oflog type and forest type on arthropod communities

a) P. grandis

For P.grandis logs, although the means , of arthropod species per log, differed greatly (Figure 18), the

differences , were not statistically significant (p = 0.520, F3= 2.24). There was a similar situation with

Ficus spp. logs (Figure 19) (p = 0.122, F3= 0.783).
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Figure 18 Comparison of arthropod species richness in the P. grandis logs in the forest types. 1= P. grandis, 2= P.

grandis / Ficus spp. site 1,3= P. grandis / Ficus spp. site 2,4 =E. pyrifolia / Ficus spp. (n=10 for all forest types),

showing the mean, 1Si and 3rd quartiles and range of the data .

b) Ficus spp.
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Figure 19 Comparison of arthropod species richness in the Ficus spp. log in the forest types. 1= Ficus spp ., 2= P. grandis

/ Ficus spp site 1,3= P. grandis / Ficus spp site 2, 4= E. pyrifolia / Ficus spp. (n=10 for all forest types), showing the

mean, 1st and 3rd quartiles and range of the data.

The arthropod species composition results showed an association between the P. grandis and

Ficus spp. logs from the same forest types . The P. grandis logs in the P. grandis forest type, and the

Ficus spp. logs in the Ficus spp. forest types showed no association to any of the logs in the other

forest types (Figure 20a, Figure 21, Table 17). The P. grandis logs in the P. grandis forest type,

shows a number of arthropod species associated with it, including 2 members of the Chilopoda

(CHSCS04 - not identified and CHSCS02 - Otostigmus regulosus) and Arachnida (AHS 11 - not

identified and AHS 17 - Schizomida sp.) (Figure 20b).
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Figure 20 COA scatterplots of the arthropod community structure oflog types in their respective forest types.
a) Log types in their respective forest type plot, b) Arthropod species plot (2:: 80 % cumulative fit shown).
(PP=P. grandis logs in P. grandis forest type, PPFl= P. grandis logs in the P. grandis / Ficus spp. site 1, FPFl = Ficus
spp.logs in the P.grandis / Ficus spp. site 1, PPF2= P. grandis logs in the P. grandis / Ficus spp. site 2, FPF2= Ficus
spp. logs in the P. grandis / Ficus spp. site 2, FF= Ficus spp. logs in the Ficus spp. forest type, PLW= P. grandis logs in
the E. pryifolia / Ficus spp. forest type, FLW= Ficus spp. logs in the E. pryifolia / Ficus spp. forest type. Percentage
variance of species values for axis 1 = 33.4 and axis 2 = 30.6. i.e. Total for both axes = 100. Eigenvalues for axis 1 =
0.473 and axis 2 = 0.435). Abbreviations for arthropod species are given in the Appendix. Note: CHSCSOl is endemic to
the Seychelles archipelago.
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Figure 2 I Bray-Curtis dendrogram of arthropod assemblages associated with the log types in each forest type. PP= P.

grandis logs in P. grandis forest type, PPF1= P. grandis logs in the P. grandis / Ficus spp. site 1, FPF1= Ficus spp. logs

in the P. grandis / Ficus spp. site 1, PPF2= P. grandis logs in the P. grandis / Ficus spp. site 2, FPF2= Ficus spp. logs in

the P. grandis / Ficus spp. site 2, FF= Ficus spp. logs in the Ficus spp. forest type, PLW= P. grandis logs in the E.

pryifolia / Ficus spp. forest type, FLW= Ficus spp. logs in the E. pryifolia / Ficus spp. forest type .

Table 17 Bray-Curtis dendrogram distances matrix for logs in each forest type. PP= P. grandis logs in P. grandis forest

type, PPF1= P. grandis logs in the P. grandis / Ficus spp. site 1, FPF1= Ficus spp. logs in the P. grandis / Ficus spp . site

1, PPF2= P. grandis logs in the P. grandis / Ficus spp. site 2, FPF2= Ficus spp. logs in the P. grandis / Ficus spp. site 2,

FF= Ficus spp. logs in the Ficus spp. forest type , PLW= P. grandis logs in the E. pryifolia / Ficus spp. forest type, FLW=

Ficus spp. logs in the E. pryifolia / Ficus spp . forest type

0.583

0.629 0.591

0.676 0.711 . 0.716

0.558 0.595 0.635 0.646

0.630 0.542 0.690 0.636 0.555

0.690 0.644 0.688 0.709 0.629 0.548

pp

PPF1 0.636

PPF2 0.677

PLW 0.690

FF 0.672

FPF1 0.680

FPF2 0.715

FLW 0.723

PPF1 PPF2 PLW FF FPF1 FPF2
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Influence ofwoody litter on arthropod communities

Figure 22 Woody litter in a 0.5 ill x 0.5 ill quadrat

The highest mean number of arthropod species per quadrat in the woody litter was highest at P.

grandis / Ficus spp. site 2. (x = 36), while the lowest was at P. grandis / Ficus spp. site 1 (x = 18)

(Figure 24). There were no significant differences between arthropod species richness in woody litter

in the different forest types (p = 0.383, F4= 2.86).
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Figure 23 Comparison of arthropod species richness in the woody litter in the 5 forest types. 1= P. grandis, 2= P. grandis

/ Ficus spp. site 1,3= P. grandis / Ficus spp. site 2, 4= Ficus spp., 5= Ficus spp. / E. pryrijolia.(n=10 for all forest types),

showing the mean, 1SI and 3rd quartiles and range of the data.

The scatterplot shows the arthropod assemblage in the woody litter in different forest types to

be different in composition (Figure 24a) even though there was no significant difference in species

richness (Figure 23). The arthropod species plot shows the woody litter in the E. pryifolia / Ficus

spp. forest type supported a number of adult Diptera (DPS 11, DPS31, DPS36, DPS47), seeking

cover. The woody litter in the P. grandis forest type has the most arthropod individuals associated

with it (Figure 24b).
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Figure 24 COA scatterplots of the arthropod community structure in the woody litter in the five forest types.
a) Woody litter in each forest type plot, b) Arthropod species plot (~ 80 % cumulative fit shown)
(WP= P. grandis, WPFI = P. grandis / Ficus spp. site I , WPF2 = P. grandis / Ficus spp. site 2, WF= Ficus spp., WLW=
E. pyrifolia / Ficus spp. Percentage variance of species values for axis 1 = 29.1 and axis 2 = 25.7 . i.e. Total for both axes
= 54.8. Eigenvalues for axis I = 0.406 and axis 2 = 0.359). Abbreviations for arthropod species are given in the Appendix
. Note: CLS05 is endemic to the Seychelles archipelago.
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Figure 25 Bray-Curtis dendrogram of arthropod assemblages associated with the woody litter in each forest type . P= P.

grandis, PF 1= P. grandis / Ficus spp. site 1, PF 2= P. grandis / Ficus spp. site 2, F= Ficus spp., LW= Ficus spp. / E.

pryrifolia.

Table 18 Bray-Curtis dendrogram distances matrix for woody litter in each forest type. P= P. grandis, PF 1= P. grandis /

Ficus spp. site 1, PF 2= P. grandis / Ficus spp. site 2, F= Ficus spp., LW= Ficus spp. / E. pryrifolia.

PFl

PF2

F

LW

P

0.402

0.355

0.361

0.385

PFl

0.372

0.339

0.413

PF2

0.425

0.409

F

0.339

b) Woody litter and logs from the same forest types

P. grandis- Ficus spp. site 2 logs had the highest mean number arthropod species richness per

log ex = 48.1), while P.grandis - Ficus spp site 1, had the lowest mean ex = 17.8) per quadrat of

woody litter (Figure 23). In all the forest types, the mean number of arthropods in the woody litter

per quadrat was lower than the mean number of arthropods per log. The arthropod species number

from the woody litter and the arthropod species richness found on the logs in the same forest type

were not significant (p = 0.001, F9= 3.41).
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Figure 26 Comparison of arthropod species richness in the woody litter andlogs in the 5 forest types. 1= P. grandis,

woody litter (n= 10), 2= P. grandis logs (n= I0), 3= P. grandis / Ficus spp. site I woody litter (n= I 0), 4= P. grandis /

Ficus spp. site I logs (n=20), 5= P. grandis / Ficus spp. site 2 woody litter (n=IO), 6= Pigrandis / Ficus spp. site 2 logs

(n=20), 7= Ficus spp. woody litter (n=10), 8= Ficus spp. logs (n=IO) , 9= Ficus spp. / E. pryifolia, woody litter (n=10),

10=Ficus spp. / E. pryifolia (n=20) logs, showing the mean, I sI and 3rd quartiles and range of the data.

The arthropod assemblage composition in the woody litter also did not show similarity to the

logs of the same vegetation type. The arthropod assemblage in the woody litter show a closer

similarity to each other (Figure 27a and 28). The arthropod species plot shows a large number of

arthropods associated with logs in the P. grandis forest type (Figure 27b).
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Figure 27 COA scatterplots of the logs and woody litter arthropod community structure their forest types.
a) Logs and woody litter in each forest type plot, b) Arthropod species plot (~ 80 % cumulative fit shown)
(PW= P. grandis, woody litter, P= P. grandis, logs, WPFl= P. grandis / Ficus spp. site 1, woody litter, PFl= P. grandis
/ Ficus spp. site 1, logs, WPF2== P. grandis / Ficus spp. site 2, woody litter, PF2= P.grandis / Ficus spp . site 2, logs, WF==
Ficus spp., woody litter, F= Ficus spp., logs, WLW= Ficus spp. / E. pryifolia, woody litter, LW= Ficus spp. / E.
pryifolia, logs. Percentage variance of species values for axis I = 17.7 and axis 2 = 13.5 i.e. Total for both axes == 31.2.
Eigenvalues for axis I == 0.273 and axis 2 = 0.208). Abbrevaiations for arthropod species are given in the Appendix.

56



Arthropod diversity associated with fallen logs and woody litter on the forest floor on a small Seychelles Island .. .
l.A. Kelly

~

I-

L....f

Y
I

35.2
I

51.4
I

-13.4
I

-15.2

P

PFl

PF2

LW

WLW

F

WPF2

WF

WP

WPFI

I
1.0

Figure 28 Bray-Curtis dendrogram of arthropod assemblages assoicated with woody litter and logs in each forest type.

PW= P. grandis , woody litter, P= P. grandis, logs, WPFl = P. grandis / Ficus spp. site 1, woody litter, PFl = P. grandis /

Ficus spp. site 1, logs, WPF2= P. grandis / Ficus spp. site 2, woody litter, PF2= Pigrandis / Ficus spp. site 2, logs, WF=

Ficus spp., woody litter, F= Ficus spp., logs, WLW= Ficus spp. / E. pryifolia, woody litter, LW= Ficus spp. / E.

pryifolia, logs

Table 19 Bray-Curtis dendrogram distances matrix for woody litter and logs in each forest type. PW= P. grandis, woody

litter, P= P. grandis, logs, WPFI= P. grandis / Ficus spp. site 1, woody litter, PF1= P. grandis / Ficus spp . site I, logs,

WPF2= P. grandis / Ficus spp. site 2, woody litter, PF2= P.grandis / Ficus spp. site 2, logs , WF= Ficus spp. , woody

litter, F= Ficus spp., logs, WLW= Ficus spp. / E. pryifolia, woody litter, LW= Ficus spp. / E. pryifolia, logs .

P PFl PF2 F LW WP WPFl WPF2 WF

PFI 0.391

PF2 0.385 0.527

F 0.355 0.362 0.362

LW 0.332 0.449 0.517 0 .322

WP 0.311 0.360 00421 0.299 0.361

WPFI 0.319 0.363 0.348 0.333 0.291 00402

WPF2 0.292 0.395 0.407 0.333 0.369 0.355 0.372

WF 0.317 0.369 0.362 0.423 0.325 0.361 0.339 0.425

WLW 0.367 0.454 0.435 0.383 0.393 0.385 0.413 0.409 0.339
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Unique and endemic arthropod species

Table 20 summarizes the arthropod morpho species relative to each ecological variable. The

list of identified endemic species is given in the Appendix.

Percentage of endemic2

species in each group out
of the total number of
endemic spec ies in the
whole study

Percentage of species
. 1 humque to eac group

out of the total
number of species in
that group

Percentage of
species out of the
total number of
species in the
whole study

Classification

Table 20 Percentage importance in terms of species richness, uniqueness and endemism of the saproxylic arthropod

communities.

Log type
813 294 795

P. grandis
Ficus spp. 75 23 50

C. nucifera 51 18 57

Decomposition
Class 1 42 10 43

Class 2 58 17 47

Class 3 66 22 43

Class 4 72 23 47
Forest type (logs)
P. grandis 51 13 50
P. grandis/ Ficus spp. 1 53 20 66
P. grandis/ Ficus spp. 2 57 16 42
Ficus spp. 36 10 33
E. pryifolia/ Ficus spp. 57 18 42
Log type in forest type
P. grandis logs in P. grandis forest 34 21 50
type
P. grandis logs in P. grandis / Ficus 38 14 60
spp. forest type 1
P. grandis logs in P. grandis / Ficus 40 15 25
spp. forest type 2
P. grandis logs in E. pyrifolia / Ficus 31 17 33
spp. forest type
Ficus spp logs in Ficus spp. forest 30 15 33
type
Ficus spp. logs in P. grandis / Ficus 36 16 50'
spp. forest type 1
Ficus spp. logs in P. grandis / Ficus 32 14 25
spp. forest type 2
Ficus spp. logs in E. pyrifolia / Ficus 29 19 25
spp. forest type
Woody litter in forest type
P. grandis 27 21 14
P. grandis/ Ficus spp. 1 28 22 21
P. grandis/ Ficus spp. 2 27 32 28
Ficus spp. 21 27 21
E. p ryifolia/ Ficus spp. 25 17 28

I The term 'unique' refers to those arthropods that were confined to that particular environmental variable
2 The term 'endemic' refers to those arthropods endemic to the Seychelles archipelago. .
3 e.g. 81 % of all arthropod species recorded in the whole study occurred in P. grandis logs.
4 e.g. 29 % of all arthropod species recorded in P. grandis logs only occurred in P. grandis logs and in no other log t
5 e.g. P. grandis log type had 79 % of all endemic species recorded in the whole survey. ype.
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The most important logs for maintaining the arthropod assemblage where the P. grandis and

Ficus spp., while it did not matter in which forest type these logs were situated (Table 20).

59



Arthropod diversity associated with fallen logs and woody litter on the forest floor on a small Seychelles Island
JA Kelly

DISCUSSION

Forest cover and log types on Cousine Island

In woodlands across the world, about 70 % of the annual primary production is shed as litter,

although this varies greatly depending on forest type (Swift 1977). Bray & Gorham (1964) estimated

that in temperate forests, branches and twigs constituted about 30 % of the average annual fall of

litter to the forest floor. However, Swift (1977) believed this to be an underestimate and suggested

that the input of twigs and branch wood to be closer to 40 % (additional inputs come from the

occasional death of a whole tree).

On Cousine Island , the biomass of organic litter on the forest floor was dominated by the log

and woody litter, amounting to 436 t ha-I (Table 4). Rodin & Basilevic (1968) estimated that the

biomass of woody litter in a tropical rain forest may be more than 500 t ha -I. This is 100 t ha" more

than in temperate deciduous woodland (400 t ha-I) and 200 t ha" or more than in some other forests

e.g. northern coniferous forest: 100-300 t ha-1 (Rodin & Basilevic 1968) Ghana: 150-172 t ha-I

(Greenland & KowaI1960), Panama: 100-150 t ha-I (Golley et al. 1975), New Guinea, lowland rain

forest: 300-360 t ha-I and New Guinea, lower montane forest: 225-399 t ha" (Edwards & Grubb

1977). The biomass of dead wood in the rain forests of Olympic National Park, Washington, USA

(Graham & Cromack 1982) was 120 and 161 t ha", which is lower than for other Pacific Northwest

forests , and certainly lower than the log biomass estimates for Cousine Island. Franklin & Waring

(1980) reported biomass of dead wood in ten middle elevation stands in the Cascade Range averaged

200 t ha-I , with a maximum of 500 t ha-I.
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On Cousine, the woody litter was an estimated 6.8 t ha-1 (Table 6). The few reported values

for the amount of woody litter (excluding logs), vary from 0.6 to more than 269 t ha-
1

for intact

temperate forests (Harmon et al. 1985). It appears that the moderate biomass values for Cousine may

be due to the large number of granite domes and outcrops which limits trees to mostly only growing

between these hard, soil-less features. Also, the trees on Cousine Island are rarely over 30 m tall

(owing to susceptibility to tropical storms on this small, exposed island), thus limiting log

production.

On Cousine the forest composition was dominated by P. grandis and Ficus spp. trees (P.

grandis 48.2 %, Ficus spp. 43.2 %, C. nucifera 5.5 %) (Figure 3). The occurrence oflogs is much the

same as the tree populations, P. grandis (48.7 %) two Ficus spp. (F. lutea and F. reflexa) (43.8 %)

and C. nucifera (5.4 %) (Figure 5). Other logs made up only 2.1 % of the total amount. However, in

terms of total biomass, P. grandis logs were in the greatest proportion (76.3%), indicating that these,

on average, were much larger than those ofFicus spp. Indeed, P. grandis logs generally had a

diameter more than twice that ofFicus spp. However, Ficus spp. were often much longer than those

ofP. grandis. C. nucifera logs, although low in number, were thicker and longer compared to those

ofP. grandis and Ficus spp, and remained as an intact trunk. They contributed only 3.8 % of the

overall log biomass (Table 5).

Arthropods associated with logs and woody litter on Cousine Island

A total of 344 arthropod species from 18 higher taxa were sampled (Table 10). Some of these

were identified, although many could not be, especially as a large number have not been

scientifically described. This total number of arthropod species found on Cousine, is similar to that

found under Douglas Fir trees, which also had over 300 species (exact number not specified)

(Deyrup 1981). In another study, Paviour-Smith & Elboum (1993) found 368 invertebrate species
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(except the pseudo scorpions, harvestmen and spiders) in England at Wytham Woods, near Oxford.

However their study included dead wood still attached to the trees.

Floater (1995) collected a total of6682 individuals in ten insect orders from forest litter on

Silhoutte Island, Seychelles. Adult beetles and ants were the most abundant groups, making 33% and

29 % of the total insects respectively. These are higher proportions than on Cousine (Coleoptera 17

% and Hymenoptera 6 %). Floater (1995) also showed that other abundant groups were the fly

larvae, earwigs and lepidoperan larvae. These groups were also sampled on Cousine (Table 10),

although the dipterans and lepidopterans were mostly adults, possibly owing to the Cousine study

being from February to April, whereas Floater's (1995) study was July to September. Furthermore,

Pfarr & Schrammel (1991) and Hilt & Ammer (1994) found that dipterans may constitute 80-90% of

the insects reared from decaying wood, which was not the case on Cousine.

Gerlach (in press.) found that centipedes on the Seychelles islands ofMahe and Silhouette

were widespread and abundant but not diverse. This was also the case on Cousine, with eight species

so far being recorded (Table 10).

There may be a bias in the species richness and abundance estimates here for three possible

reasons. The first is that some of the larger more active arthropods could have taken evasive action

on hearing the approach to the log and during the handing of the log before it was placed in the

collection apparatus. This problem is documented in Spence & Niemela (1994) . Secondly, sorting

morphospecies is likely to result in lumping of similar-appearing species. However, Oliver & Beattie

(1992) noted that when sorting was performed by non-specialists (undergraduate students), these

lumping events had minimal effect (only 14.4% error) on the overall outcome. Thirdly, the difficulty
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of finding many saproxylic arthropods within any reasonable time is the consequence of several

factors, i.e. i) long periods of development (sometimes several years), ii) hidden within decaying

timber as larvae or pupae, which are difficult (or impossible) to identify, iii)larvae or pupae cannot

be found easily without disrupting, if not destroying, their fragile habitat, iv) characteristically found

in only a portion of potentially suitable trees, which, in turn, are only a small fraction of the total tree

population in most forests, v) often usually have only a short adult lifespan, when they are often

difficult to find (McLean & Speight 1993).

Log type and associated arthropod communities

Arthropod assemblages in logs are partly determined by the physical composition and

heterogeneity of the logs (Swift 1977). The log provides food, shelter and, in some cases, the

opportunity to reproduce (Matthews 1976). Indeed, log-inhabiting organisms are as adapted to the

specific conditions in which they live as are those organisms that live in any other environment

(Graham 1925). On Cousine, the dominance and abundance of four principal tree species, P.

grandis, F. reflexa, F. lutea and C. nucifera provided a situation for comparing arthropod

assemblages associated with different log types (Figure 5).

C. nucifera logs were significantly richer in arthropod species than either of the other two

log types, with an average of48 species per log (Figure 9). This log type also supports a wide range

of arthropod species (Figure lOb), including three endemic species: Arachnida - Theridon clabruim,

Coleoptera - Colobicones singularis and Hemiptera - Seychellesius niger. The reason for this high

richness may be that C. nucifera logs are much larger than those of either P. grandis or Ficus spp. C.

nucifera also has a uniform tissue structure throughout its length, allowing easy movement of the

arthropods within the log. Also C. nucifera logs differed from those ofP. grandis and Ficus spp, in

that they have a hard outer bark (even in the late stages of decomposition). This bark causes an
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insulating effect on the log's internal environment. The bark is a buffer medium, protecting the log

from extreme fluctuations of temperature and moisture. Savely (1939), Griffin (1977) and Kaarik

(1974) found that wood-inhabiting insects and microbes are influenced by temperature and humidity,

and extremes in either of these conditions causes a decrease in organism activity or even mortality.

C nucifera had the greatest difference between the inner (core) temperature and the ambient

temperature (Table 8), and it was also the least affected by changes in the ambient temperature,

resulting in this type oflog providing relative stable internal conditions. The bark also provides

important protection for the arthropods which are under heavy predation from the resident skinks

(M.seych ellensis and M. wrightiii, and to a lesser degree some birds e.g. Seychelles Magpie Robin

(C sechellarum) (LeMaitre 1999). Although hard bark may provide protection for the arthropods, it

may also hinder their access to the log. Deyrup (1981) points out that an important factor for

saproxylic insects is the portion of the tree available. The only entry points into C nucifera are the

open ends, or occasionally, breaks in the bark adjacent to the soil surface, having been opened up

under the weight of the log. In contrast, P. grandis logs have a soft, papery bark, which is heavily

pitted, thus allowing easy access along its whole length although providing little protection from

predators. This means that on Cousine, P. grandis logs support an average of 34 arthropod species

per log compared to 48 for C nucifera (Figure 9).

Ficus spp. logs are intermediate in hardness and accessibility, and often have sections ofbark

remaining. Although the inner wood appears to be tough in texture, it easily decomposes and tunnels

are a~ways present. Although smaller than both P. grandis and C nucifera logs, Ficus spp. logs are

often long and offer various stages of decomposition within one log. Nevertheless, Ficus spp.

supported an average of only 27 arthropod species per log (Figure 9), suggesting that the narrower

structure of the log reduced opportunities for the arthropod assemblage.
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In terms ofthe arthropod species assemblage, the results (Figures 10 and 11) from these logs

both showed a widely scattered distribution with respect to the three species, indicating strong

qualitative differences in arthropod assemblages in the different logs.

Decomposition and arthropod succession

The bulk of plant material that decomposes in a forest ecosystem is wood (Speight &

Wainhouse 1989). During natural decomposition, wood on the forest floor may persist for longer

than leaf and reproductive material (Swift 1977). In a mature forest, there is a steady state of

equilibrium between input due to log and litter fall and output from decomposition, and there is a

large standing crop of dead wood on the forest floor (Swift 1977). On Cousine, 93.3 % of the organic

material on the forest floor consisted of log or coarse woody litter.

Under natural conditions, wood is decomposed by the interaction of a rich community of

organisms and the dead wood provides a relatively constant habitat for a wide range of animals and

micro-organisms (Swift 1977). Attack by wood-boring insects is an important factor in wood decay

(Hickin 1975), although many different orders of animals feed on wood, either directly or indirectly.

However, very few animal groups can digest cellulose unless assisted by bacteria, fungi or some

other biota in a symbiotic relationship (Hickin 1975). Fager (1968) found 48 species of animals per

log at Wytham Wood. On Cousine, the mean number of arthropods (all decomposition stages) was

32 species per log (Figure 11). Fager (1968) showed that most ofthe species were rare, many

occurring only as single individuals. This was also the case on Cousine, with the exception of the

ants. Groups of insects closely associated with the decomposition ofwood are species of Isoptera,

Diptera and Coleoptera, and a few species of Blattodea (Speight & Wainhouse 1989), all ofwhich

were well-represented on Cousine.
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Changes in concentration of nutrients and arthropod assemblages of different stages in the

decomposition process have been recorded by many authors with a distinct pattern of succession

being recognized (Jonsell et al. 1999, Esseen et al. 1997, Esseen et al. 1992, Speight & Wainhouse

1989, Peterson & Luxton 1982, Deyrup 1981, Lambert et al. 1980, Grier 1978, Lang & Forman

1978, Swift 1977, Deyrup 1976, Matthews 1976, Deyrup 1975, Fager 1968, Madge 1958, Elton

1927, McNamara 1955, Howden & Vogt 1951, Hungate 1940, Savely 1939, Graham 1925,

Blackman & Stage 1924, Blackman & Stage 1918, Saalas 1917, Adams 1915, Felt 1906, Packard

1890, Townsend 1886). However patterns of succession show considerable variation depending on

the type and species of wood resource and the intervention of environmental factors (Swift 1977).

On Cousine, the arthropod assemblages inside logs varied considerably, depending on the

decomposition stage (Figures 13a and 14), suggesting distinct succession. The arthropod species

from all taxa show a wide distribution across all the decomposition classes (Figure 13b). The young

logs (Class 1) were consistently different from the three older classes, both in terms of species

richness per log (Figure 12) and in arthropod assemblage structure (Figures 13 and 14). These

arthropods are the early colonizers and mechanically break down the wood. It appears that these

pioneers are the displaced or succeeded by later-colonizing arthropods (Fager 1968). The Class 1

logs had most of their bark intact and were elevated from the ground (i.e . most of the log was resting

either between large boulders or resting against a tree). Nevertheless, the logs had started to

decompose. It has been suggested that these young logs have a variety of microhabitats which allow

an increase in arthropod colonisation (Santos & Whitford 1981, Seastedt & Crossley 1981), i.e. gaps

where the bark has started to pull away from the woody material. Although the woody material is

consistent in structure, there were patches of softer and harder woody material present throughout the

log. The older logs, in contrast, have less diversity of microhabitats, though the log material

becoming soft very rapidly and collapsing (as in the case ofP. grandis) or becoming very tunneled

(as in the case ofFicus spp.). Although in some cases the bark may still be present, the inner woody
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material is usually no longer attached to it, and has less volume than before. This allows easier

access for vertebrate and possibly large arthropod predators and does not provide adequate protection

for the smaller arthropods. The different individual tolerances of the arthropods can be dependent on

the density and biomass of the inner material (Schowalter 1985) leading to a change in the arthropod

assemblage structure. Also, when wood decays , the tree species becomes less important for substrate

selection by arthropod species, resulting in seral faunas becoming more similar in different types of

old logs (Jonsell et al. 1999, Warren & Key 1989, Haack & Slansky 1987, Howden & Vogt 1951).

Added to this , arthropods, and insects in particular, can discriminate and exploit gradients or

differences in the nutritional value ofthe host tissues. They are thus dependent on the quality and

abundance of the host tissues (Schowalter 1985). It is suggested that the concentration of nutrients is

higher in the younger logs. This is due to the continued leaching caused by the high humidity and

continued condensation permeating logs on Cousine. The logs in Class 1 are protected by their bark,

and although Class 3 logs also still have their bark, the woody material has pulled away from it, thus

allowing moisture to condense inside the logs . The upshot is that whereas the younger logs are rich

in resources and microhabitats, both these become reduced in the older logs leading to a gradual

impoverishment ofthe arthropod assemblage with log age.

Influence of forest type on arthropod communities

The forests of the world are often categorized by the dominant tree species in the ecosystem.

The animal assemblages associated with each forest type, including insect assemblages, are

influenced by and have a major influence on tree species composition (Speight & Wainhouse 1989).

On Cousine, the arthropod species richness per log in each forest type were uniform across all the

forest types, with the exception of the Ficus spp . forest (Figure 15). This forest was significantly

different to the E. pryifolia / Ficus spp. forest. The E. pryifolia / Ficus spp. forest had the lowest
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biomass oflogs, woody and leaflitter, and did not contain C. nucifera. These differences do not

explain why this forest type was significantly different in terms of arthropod species richness from

the Ficus spp. forest , yet not significantly different from any of the other forests. The two forests E.

pryifolia / Ficus spp. and Ficus spp. had the lowest arthropod species richness, and are adjacent to

each other.

When the different logs in each forest type were compared, the arthropod species richness per

log was not significantly different between forest types (Figure 18 and 19), although the Ficus spp.

logs did have a consistently lower arthropod species richness per log, compared with P. grandis and

C. nucifera, irrespective of forest type in which the logs occurred.

In P. grandis / Ficus spp. forest Site 2 and the E. pyrifolia / Ficus spp. forest, the arthropod

assemblages were very similar (Figures 17 and 18). This may be partially explained by the fact that

they were adjacent. Low dispersal capacity oflog-inhabiting species can be a factor limiting

distribution, density and the survival of many saproxylic species (Nilsson & Baranowski 1997).

Speight & Wainhouse (1989) suggest that some insects are dependent on wind dispersal, and in a

forest , most insects do not appear to travel very far. The similarity of the two P. grandis / Ficus spp.

forests 1 and 2 in terms of the arthropod assemblage (Figures 16 and 17), may have been partly due

to the vegetation composition of the two sites being almost identical. The difference shown by Figure

16a is shown by Figure l6b to be the distribution of adult Diptera, seeking refuge and I or resting in

the logs. The arthropod assemblages of each log type found in each forest type show a closer

association to each other than to logs of the same type in another forest (Figures 20 and 21) . The

P.grandis and Ficus spp. forest types showed little association with any of the other forest types , and

both were characterized by almost complete dominance by either P. grandis or Ficus spp . logs

(Figures 16a and 17), where the P. grandis logs in the P. grandis forest type support a wide variety

of arthropods from different taxa.
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Litter and its arthropod communities

Informed forest management decisions cannot be made without an understanding of the role

of wood litter in tropical forests (Lang & Knight 1979, Harmon et al. 1985). Low in nutrient

concentration (Merrill & Cowley 1966) and slow to decompose, these materials are ignored in many

ecological studies, despite the large amounts of organic matter represented (Harmon et al. 1985,

Bray & Gorham 1964). Also, the woody litter may be a major long-term source of both energy and

nutrients in many ecosystems (Triska et al. 1984, Triska & Cromack 1980, Larsen et al. 1978,

Comaby & Waide 1973, Sharp & Millbank 1973, McFee & Stone 1966).

Woody material is a unique habitat for many species, both autotrophs and heterotrophs

(Harmon et al 1985, Frank1in et al. 1981, Elton 1966). Many arthropods of forests are heavily

dependent on woody litter for habitats (Ausmus 1977, Maser et al. 1978). Elton (1966) estimated that

as much as 20 % of extant fauna in a British woodland was dependent on decaying wood as a habitat.

As with the logs, terrestrial arthropods may also use woody litter as protection from

environmental extremes. For example, Lloyd (1963), found that slugs, snails, terrestrial isopods,

centipedes, and earthworms migrate into branches during warmer weather, but lived in the litter layer

during colder weather.

Stanton (1979) compared the species richness and diversity oflitter mites in three habitats in

Costa Rica and Wyoming and found a greater species richness and diversity of mites in forest litter.

A greater diversity of mites was found in the tropical forest habitat than any other of the habitats

sampled, and a greater proportion of temperate zone mite species was classified as colonizers

(Stanton 1979). This again provides support for Young's (1982) contention that decomposer

assemblages contribute to the great diversity and species richness of organisms in tropical forests.
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The high proportion ofthe P. grandis woody litter (76.4 %) (Figure 6) found on Cousine

could be a result of the growth form of the P. grandis tree. Wind is an agent oftree mortality, at least

in temperate forests, generating woody litter by uprooting, snapping trees and breaking branches

(White 1979). Trees may also be crushed and broken by wind. Windstorms are common in both

temperate and tropical regions (White 1979), and on Cousine, P. grandis branches are easily broken

(Bourquin 1997, pers. observ.) resulting in very large inputs of woody litter. The soil in the forests

on Cousine is very shallow (Bourquin 1997), which also makes the trees more susceptible to damage

from wind (Alexander 1954, Gratkowski 1956, Ruth & Yoder 1953).

The arthropod assemblages found in the woody litter in each forest type showed little

association which each other (Figures 25 and 26), supporting many species of adult Diptera. There is

a difference between the arthropod assemblage in the woody litter and the logs of the same forest

type, with those in the woody litter showing a stronger association to each other in different forest

types than to those in logs of the same forest type (Figures 27 and 28). The P. grandis logs in the P.

grandis forest supporting a number of arthropods from different taxa. This may be due to the

substantially different physical structure and condition ofwoody litter compared to that of logs. The

woody litter may also provide protection for arthropods moving between areas, especially with the

high number of predators always present on the island.

Significance of the findings for the ecology of Cousine Island

The World Conservation Strategy (IUCN-UNEP-WWF 1980) has emphasized the need for

conserving the genetic diversity of the world through sustainable maintenance and management of

natural ecosystems. Tropical ecosystems have a prominent role to play in the conservation of genetic

diversity, as these habitats contain the majority of the world's species (Balakrishnan 1994).
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Studies by Kirby & Drake (1993) , Hammond (1990) and Stork (1987) indicate that

saproxylic species form a high proportion of the tropical forest insect fauna. Given the much higher

numbers of insect species in the tropics compared to higher latitudes, it would seem likely that many

more tropical than temperate saproxylic insects are potentially under threat from long-term logging.

At the same time, there is an ever-increasing recognition that biodiversity conservation and tropical

forestry can and should be compatible (Grove 1998).

Log invertebrates are particularly vulnerable, as their highly specialized habitats may be

present on only tiny proportion of a log at a site at anyone time (Key 1993, Graham 1925). Also they

may have poor powers of dispersal and so are not able to easily colonise new sites (Key 1993).

Therefore, the value of a given type of substrate is determined not simply by the number of species

using it. A substrate with many specialists is more valuable, as the dependent species cannot survive

elsewhere (Jonsell et al. 1999).

Conservation and management recommendations

It has been suggested that sites with a continuity of megatrees should get highest priority for

preservation so as to maintain the diversity of saproxylic organisms (Martin 1989, Nilsson &

Baranowski 1997). Such localities have decreased substantially in number, and regeneration takes

many decades. Megatrees also contain many other microhabitats that are rare and required by

saproxylic species, e.g. thick branches, course bark, and dead part ofthe stem (Jonsell et al. 1999).

The results here on Cousine indicate that conservation of the saproxylic arthropods should include all

the study sites dominated by P. grandis and Ficus spp. trees (Table 20). Because each of these forest

types have different arthropod assemblages, to conserve the full complement of saproxylic

arthropods it is necessary to conserve all the forest types. This is further emphasised by the fact that

the total forest cover on Cousine is only a tiny area (7.8 ha). The threat to some species could be

further compounded by their limited ability to colonize distant substrate patches (Nilsson & Ericson
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1997). All inclusive, protectionist conservation strategy is supported by Jonsell et al. (1999) who

concluded that a landscape should include a mixture of tree species, wood in different stages of

decay, coarse wood, different types of stem (i.e. logs, snags and old living trees) to satisfy the

requirement of different ,saproxylic insects (Jonsell et al. 1999).

In sites important for saproxylic invertebrates, as much large deadwood as possible should be

left (Key & Ball 1993). Timber removal reduces the density of dead wood in different stages of

decay (Linder & Ostlund 1992, Syrjanen et al.1994), and thereby the abundance and the species

richness of wood-inhabiting fungi (Lindblad 1995, Okland 1995) and, in turn, the saproxylic

arthropods dependent on those fungi (White & Tutin 1998, Plumptre & Reynolds 1994, Isabirye­

Basuta & Kasenene 1987). Sometimes thinnings are made into habitat piles (e.g . Brooks 1980,

Watkins 1990), although there is a lesser benefit for saproxylic fauna in having piles rather than

leaving material scattered on the woodland floor in a more natural condition. Only opportunistic and

ubiquitous saproxylic species, with relatively undemanding niche requirements are likely to take

advantage of such habitat. While it is useful that an increase in these species may result from such

efforts, leaving small-sized deadwood is no substitute for the retention and eventual replacement of

living ancient trees (Key & Ball 1993) .

Where dead material is retained, consideration should be given to its location. Most

saproxylic species are unable to utilize dead timber in dry, open conditions in full sunlight. Such

timbers sometimes become almost 'heat sterilized'. Timber falling in the open should be moved into

moister, shadier areas. Although in theory, moving logs into the moister, shadier areas (if practical)

would appear to be a positive conservation option for most saproxylic species, there are, however,

some species of saproxylic beetles which need timber in just such hot dry conditions, while empty

insect burrows in such conditions are important nest sites for specialized solitary wasps and bees.

Not all dead material therefore should be moved out of the sunshine. Furthermore, there is no
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evidence that importing dead logs to boost the amount of deadwood on a site has any value for

deadwood specialists (Key & Ball 1993) .

Should the forests on Cousine Island come under threat due to development, there are some

conservation management options to consider. The first of these is translocation of the saproxylic

arthropods. However, translocation of arthropods to re-establish populations is likely only to be

successful for species whose ecology is well known, whose popularity attracts sufficient resources to

pay for the site management, and where habitat management can be maintained in the long term. For

most insect species, these conditions are not met and their conservation depends on maintaining

suitable management on sites where they still exist (Key & Ball 1993). Speight (1989) recommends

the re-establishment of saproxylic species at their former sites as larvae in logs which are transferred

between sites. This may seem a more attractive proposition, but it is fraught with difficulty and

contro versy because, along with the target species, other fauna and flora will be present but

unrecorded, and even possibly harmful. Such inadvertent translocations make it difficult to determine

the true status and biogeography of the species concerned. This problem is beginning to arise already

in the case of other habitats, with the increasing use of 'habitat transfers' either between conservation

sites or from threatened sites to 'safe' localities (Key & Ball 1993). In addition, while conditions in a

translocated log may be suitable for the species within it for some time, in the absence of detailed

knowledge of their ecology, there is no guarantee that suitable niches are available at the receptor

site and the exercise may simply be a drain on the source population. Translocations are not

automatically ruled out in every case by the above arguments, but certainly any proposed scheme

should be approached with caution (Key & Ball 1993).

A second suggestion would be to encourage agreement among conservationists and foresters

to emphasize that forestry and land management practices can cater for the requirements of many

saproxylic species (Kaila et al. 1997, Reid & Kirby 1996, Stubbs 1972), often at low economic cost.
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All forests are probably capable of supporting some saproxylic species. However, more species-rich

assemblages, including those with the most specialized or restricted niches, are likely to develop on

sites which have as close to the full range of saproxylic habitat features as exists (or would have

existed), in regular and continuous supply, in natural old-growth forests. Chief among these are large

diameter 'overmature' or 'veteran' trees. The snags and logs resulting from their natural death are

also important (Okland et al. 1996, Hammond & Harding 1991) but represent a more short-lived and

essentially non-renewable substrate for colonization, and thus tend to support fewer specialist species

dependent on habitat continuity than over mature trees themselves (Speight 1989). Management

prescriptions that favour the survival of such features, even if not throughout the whole forest stand,

are likely to conserve a wider range of saproxylic species than those which only enable the survival

of smaller diameter trees and dead wood. Indeed, a wide range of conditions provides small

arthropod populations in natural communities with a more stable long-term habitat (Reichert &

Lockley 1984).

Although the survival of saproxylic arthropods until now has been by chance, their future

depends upon their distinctive needs becoming recognized more widely and their remaining sites

receiving protection and where appropriate, positive management (Key & Ball 1993) . Perhaps the

best strategy for conserving tropical insects is to ensure that there is an adequate coverage of

protected areas (nature reserves, national parks etc. (Groombridge 1992)). Speight (1989)

emphasizes the need to draw attention to the plight of saproxylic arthropods. Such publicity should

aim to increase sympathetic attention by demonstrating the colourful and attractive nature ofmany

species, and indicate what is required for the survival of species and sites. Good colour photographs

of saproxylic species in their natural environment are needed for publications and interpretive

displays. The ancient trees themselves have considerable value for publicity and arousing public

sympathy in their own right (Davies 1998), both as wildlife and their aesthetic appeal. Such

approaches have the potential to capture the attention of many more people concerned about
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arthropod conservation than in the past. They therefore should be welcomed as ways of creating

better understanding for this largely neglected area of wildlife conservation.

75



Arthropod diversity associated with fallen logs and woody litter on the forest floor on a small Seychelles Island
J.A. Kell y

REFERENCES

Abramowitz, M. & Segan, I. A. 1968. Handbook ofmathematical function with formulas, graphs

and mathematical tables. Dover, New York.

Adams, C.C. 1915. An ecological study of prairie and forest invertebrates. Bull. Ill. State. Lab. Nat.

Hist., 11: 30-280.

Alexander, R.R. 1954. Mortality following partial cutting in virgin lodgepole pine. Rocky Mt. For.

and Range Exp. Stn. Fort Collin Colorado. USDA. For. Serv., Paper 16.

Amazonian Cooperation Treaty. 1995. Tarpoto proposal on critera and indicators for

sustainablity ofamazonian forests. Tarapoto, Peru, Amazonian Cooperation Treaty.

Amin, M. 1991. Spectrum guide to Seychelles. Carnerapix, Kenya.

Amin, M. & Willetts, D. 1994. Journey through Seychelles. Camerapix, Kenya.

Anderson, J.M. 2000. Food web functioning and ecosystem processes: problems and perceptions of

scaling. In: Invertebrates as webmasters in ecosystems (Coleman, D.C. & Hendrix. P.F. eds).

CABI , Oxon, UK., pp 3-24.

Anderson, lM. & Ingram, J.S.I. 1989. Tropical soil biology andfertility: A handbook ofmethods.

CABI, Wallingford, UK.

76



Arthropod diversity associated with fallen logs and woody litter on the forest floor on a small Seychelles Island
J.A. Kelly

Andre, H.M. Noti , M.L & Lebrun, P. 1994. The soil fauna: the other last biotic frontier. Biodiv.

Cons., 3: 45-56.

Ausmus, B. 1977. Regulation of wood decomposition rates by arthropod and annelid populations.

Eco!. Bull., 25: 180-192.

Balakrishnan, M. 1994. Tropical Ecosystems - Introduction. In: Tropical Ecosystems: A synthesis of

tropical ecology and conservation (Balakrishnan, M. , Borgstrom, R. & Bie, S.W. eds).

Science Publications, India, pp 1-13.

Baker, E.W. & Wharton, G.W. 1952. An Introduction to acarology. MacMillian, New York.

Beaver, R.A. 1979. Host specificity of temperate and tropical animals. Nature, 281: 139-141.

Berg, A., Ehnstrom, B., Gustafsson, L., Hallingback, T., Jonsell, M. & Weslien, J. 1994.

Threatened plant, animal, and fungus species in Swedish forests: Distribution and habitat

associations. Cons. Bioi. , 8: 718-731.

Berg, A., Ehnstrom, B. , Gustafsson, L. , Hallingback, T ., Jonsell, M . & Weslien, J. 1995. Threat

levels to red listed species in Swedish forests . Cons. Biol. , 6: 1629-1633 .

Bignell, MJ.D. & Bignell, D.E. 1997. Impact of forest loss and regeneration on insect abundance

and diversity. In: Forests and insects (Watt, A.D ., Stork, N.E. & Hunter, M. eds). Chapman

& Hall , London, pp 273-286.

77



Arthropod diversity associated with fallen logs and woody litter on the forest floor on a small Seychelles Island
lA. Kelly

Blackman, M.W. & Stage, H.H. 1918. Notes on insects bred from bark and wood ofthe American

Larch. State Coil. For. Syracuse Univ. Syracuse. Tech. publ. , 10:11- 115.

Blackman, M.W. & Stage, H.B. 1924. On the succession of insects living in the bark and wood of

dying, dead and decaying hickory. State Coil. For. Syracuse Univ. Syracuse. Tech. publ. ,

17: 1- 269.

Bourquin, O. 1997. Cousine Island, a Seychelles heritage. Private report to the Cousine Island Trust

Company.

Braithwaite, C.J.R. 1984. Geology of the Seychelles . In: Biogeography and ecology ofthe

Seychelles (Stoddart D.R. ed.). Junk, The Hague, pp 8-16.

Bray, J.R. & Gorham , E. 1964. Litter production in forest of world. In: Adv. Ecol. Res. 2

(Cragg, J.B. ed). Academic Press, New York, pp 101-157.

Brooks, A. 1980. Woodlands: a practical conservation handbook. British Trust for Conservation

Volunteers, London.

Cain, AJ. 1969. Speciation in tropical environment: summing up. BioI. J Linn. Soc., 1: 233-236.

Carpenter, G.H. 1916. The Apterygota of the Seychelles. R.l.A. Proc. Vol XXXIII (Sect. B.)

Carton, C.E. & Robinson, H.W. 1998. Diversity of litter-dwelling beetles in the Ouachita Highlands

of Arkansas, USA (Insecta: Coleoptera). Cons. Biol., 7: 1589-1605.

78



Arthropod diversity associated with fallen logs and woody litter on the forest floor on a small Seychelles Island
JA Kelly

Christensen, O. 1977. Estimation of standing crop and turnover of dead wood in a Danish oak

forest. Oikos, 28: 177-186.

Cloudsley-Thompson, J.J. 1958. Spiders, scorpions, centipedes and mites. In: The ecology and

natural history ofwoodlice, 'Myriapods' and Arachnids. Pergamon, London, UK., pp 99-113

Coddington, J.A., Young, L.B. & Coyle, F.A. 1997. Estimating spiders species richness in a

southern Appalachian cove hardwood forest. J. Arachnol. , 24: 111-128.

Cornaby, B.W. & Waide, J.B. 1973. Nitrogen fixation in decaying chestnut logs. Plant Soil. ,

39 , 445-448.

Damodaran, V.K.l994. People's movements and environmental conservation in the tropics. In:

Tropical Ecosystems: A synthesis oftropical ecology and conservation (Balakrishnan, M.,

Borgstrom, R. & Bie, S.W. eds). Science Publishers, India, pp 347-365.

D'Antonio, C.M. & Dudley, T.L. 1995. Biological invasions as agents of change on islands verses

mainlands. In: Islands: Biological diversity and ecosystem functions (Lange, O.L. &

Mooney, RA. eds). Springer, London, pp 103-117.

Darlington, Jr P.l. 1957. Zoogeography: The geographical distribution ofanimals. Wiley, New

York.

Davies D. 1988. The evocative symbolism of tree. In: The iconography oflandscape (Cosgrove, D.

& Daniels, S. eds). Cambridge University Press, Cambridge, pp 32-42.

79



Arthropod diversity associated with fallen logs and woody litter on the forest floor on a small Seychelles Island
JA Kelly

Deyrup, M.A. 1975. The insect community of dead and dying Douglas-fir. 1. The Hymenoptera.

Coniferous For. Biome, Ecosyst. Anal. Stud. Bull. 6, University of Washington, Seattle.

Deyrup M.A. 1976. The insect community ofdead and dying Douglas-fir: Diptera, Coleoptera, and

Neuroptera. Unpublished Ph .D. Thesis. University of Washington, Seattle.

Deyrup, M. 1981. Deadwood Decomposers. Nat. Hist. , 90: 84-91.

Edwards, PJ. & Grubb, J. 1977. Studies of mineral cycling in a Montane rain forest in New

Guinea. J Eeo!., 65 : 943-969.

Elton, C.S. 1927 . Animal ecology. Sidgewick & Jackson, London.

Elton, C.S. 1966. The pattern ofanimal communties. Wiley, New York.

Erwin, T.L. 1982. Tropical forests: their richness in Coleoptera and other arthropod species.

Coleop t. Bull. , 36: 74-75.

Esseen , P.A ., Ehnstrom, B., Ericsson, L. & Sjoberg, K. 1992. Boreal forests - the focal habitats of

Fennoscandia. In: Ecological principles ofnature conservation (Hansson, L. ed.). Elsevier,

London, pp 252-325.

Esseen, P.A., Ehnstrom, B., Ericsson, L & Sjoberg, K. 1997. Boreal forests. Eeo!. Bull., 46: 16-47.

Fager, E.W. 1968. The community of invertebrates in decaying oak wood. J Anim. Ecol.,

37: 121-142.

80



Arthropod diversity associated with fallen logs and woody litter on the forest floor on a small Seychelles Island
J.A. Kell y

Faith, D.P ., Minchin, P.R. & Relbin, L. 1987. Compositional dissimilarity as a robust measure of

ecological distance. Vegetatio , 69: 57-68.

FAO-UNEP. 1982. Tropicalforest resources. Forestry Paper No 30, (Rome: FAO).

Felt, E.P. 1906. Insects affecting park and woodland trees . N.Y. State Mus . Mem., 8: 56-66.

Ferrara, F & Taiti, 1972. Isopodi Terrestri. Contributions al'etude de la faunae terrestre des iles

grantiques de l'archipel des Sechelles. Musee Royel de l'Afrique centrale. No 240.

Floater, G. 1995. Effects of epiphytes on the abundance and species richness oflitter-dwelling

insects in a Seychelles cloud forest. Trop. Ecol. , 36: 203-212.

Fow1es, A.P. 1997. The Saproxylic Quality Index: an evaluation of dead wood habitats based on

rarity scores, with examples from Wales. Coleopterist, 6: 61-66.

Franklin, J.F. & Waring, R.H. 1980. Distinctive features of the northwest coniferous forest:

development, structure, and function. In: Forests: fresh perspectives from ecosystem

analysis. Proceedings ofthe 40th Annual Biology Colloquium 1979, Oregon State

University Press, Corvallis, pp 59-86.

Franklin, J.F .K., Cromack, Jr. W., Denison, A., McKee, C., Maser, J., Sedell, F., Swanson, FJ. &

Juday, G. 1981. Ecological characteristics of old-growth Douglas-fir forest. U.S. For. Serv.

Gen. Tech. Rep. PNW., No . 118.

Freund, J.E. 1992. Math ematical statistics. Prentice Hall , London.

81



Arthropod diversity associated with fallen logs and woody litter on the forest floor on a small Seychelles Island
lA. Kelly

Gerlach, J. In press. Animal diversity on small islands - the pattern of invertebrates in the

Seychelles islands.

Golley, F.B., McGinnis, J.T., Clements, R.G., Child, G.1. & Deuver, M.J. 1975. Mineral cycling in

a tropical moist forest ecosystem . Athens, Georgia.

Golovatch, S.1. & Korsos, Z. 1992. Diplopoda collected by the Soviet Zoological Expedition to the

Seychelles Islands in 1984. Acta Zool. Hungar., 38: 1-31.

Good, J.A. 1997. The use of macroinvertebrate indicator assemblages for pan-European habitat

conservation of saproxylic communities. In: Colloquy on conservation management and

restoration ofhabitat for invertebrates: Enhancing biological diversity. Council of Europe,

Strasbourg, pp 94-101.

Graham, S.A. 1925. The felled tree trunk as an ecological unit. Ecology, 6: 397-411.

Graham, R.L. & Cromack, Jr. K. 1982. Mass, nutrient content, and decay rate of dead boles in rain

forest of Olympic National Park. Can. J. For. Res., 12: 511-521.

Gratkowski, H.J. 1956.Windthrow around staggered settings in old-growth Douglas-fir. For. Sci.,

2: 60-74.

Greenland, DJ. & Kowal, J.M.L. 1960. Nutrient content ofmoist tropical forest in Ghana. Plant

Soil., 12: 154-174.

82



Arthropod diversity associated with fallen logs and woody litter on the forest floor on a small Seychelles Island
lA Kelly

Grier, C.C. 1978. A Tsuga heterophylla - Picea sitchensis ecosystem of coastal Oregon:

decomposition and nutrient balances of fallen logs. Can. J. For. Res., 8: 198-206.

Griffin, D.M. 1977. Water potential and wood-decaying fungi. Annu. Rev. Phytopath.,

15: 319-329.

Groombridge, B. 1992. Global Biodiversity. Status ofthe earth's living resources. Chapman &

Hall, London.

Grove, SJ. 1990. Old forest insects noted from some Berkshire parklands. Brit. J. Ent. Nat. Hist. ,

3: 97-101.

Grove, SJ. 1998. A Natural conservation source-bookfor forestry professionals. Commonwealth

Secretariat, London.

Grove, SJ. & Stork, N.E. 1999. The conservation of saproxylic insects in tropical forests : A

research agenda. J. Insect Cons., 3: 67-74.

Haack, R.A. & Slansky, F. 1987. Nutritional ecology of wood feeding Coleoptera, Lepidoptera and

Hymenoptera. In: Nutritional ecology ofinsects , mites , spiders and related invertebrates

(Slansky, F & Rodriguez, J.G. eds). Wiley, New York, pp 449-486.

Hammond, P.M. 1990. Insect abundance and diversity in the Dumoga-Bone National Park. N.

Sulawesi, with special reference to the beetle fauna oflowland rainforests in the Toraut

region. In: Insects and the rainforests ofSouth East Asia (Wallacea) (Knight, WJ. &

Holloway, J.D. eds). Royal Entomological Society of London, London, pp197-254.

83



Arthropod diversity associated with fallen logs and woody litter on the forest floor on a small Seychelles Island
lA Kelly

Hammond, P.M . 1995. Described and estimated species numbers: an objective assessment of

current knowledge. In: Microbial diversity and ecosys tem function (Allsopp, D.,

Hawksworth, D.L. & Colwell, R.R. eds). Oxon, UK. , pp 29-71.

Hammond, P.M. 1992. Species inventory. In: Global biodiversity status ofearth's living resources

(Groombridge, B. ed.). Chapman & Hall , London, pp 17-39.

Hammond, P.M. & Harding, P.T. 1991. Saproxylic invertebrates assemblages in British woodlands:

their conservation significance and its evaluation. In: Pollard and veteran tree management

(Read, HJ. ed.). Corporation of London, London, pp 30-41.

Harding, P.T. 1995. The use ofsaproxylic Coleoptera in the selection of areas of relic forest in

Britain. In: Threatened species and bio-indicators at the Pan-European level (Valovirta I.,

Harding P.T. & Kime D. eds) . Proceedings of the 9th International Colloquium of the

European Invertebrate Survey, 1993, WWF Finland, Helsinki.

Harding, P.T. & Alexander, K.N.A. 1994. The use ofsaproxylic invertebrates in the selection and

conservation of relic forests in pasture-woodland. Brit. J. Ent. Nat. His., 7: 21-26.

Harmon, M.E. , Franklin, J.F. , Swanson, F.J. , Sollins, P., Gregory, S.V., Lattin, J.D ., Anderson,

N.H., Cline, S.P. , Aumen, N.G., Sedell, J.R ., Lienkaemper, G.W. , Cromack, K. Jr. &

Cummins, K.W. 1985. Ecology of course woody debris in temperate ecosystems. Adv.

Ecol. Res., 6: 197-411.

84



Arthropod diversity associated with fallen logs and woody litter on the forest floor on a small Seychelles Island
JA Kelly

Hawkins, B.A., Shaw, M.R. & Askew, R.R. 1992. Relations among assemblage size, host

specification, and climatic variability in North American parasitoid communities. Am. Nat.,

139: 58-79.

Heywood, V.H. & Baste T. 1995. Introduction. In: Global biodiversity assessment (Heywood, V.H.

Watson, R.T. eds.). United Nations Environment Programme, Cambridge University Press.

Cambridge, pp 3-19.

Hickin, N.E. 1975. The insectfactor in wood decay. Anchor, London.

Hilt, M. & Ammer, U. 1994. Totho1zbesiede1ne Kafer im Wirtschaftswa1d-Fichte und Eiche im

Verg1eich. Forste. Cbl. 113: 245-255. (in German with English Summary).

Hoekstra, J.M., Bell, R.T., Launer, A.E. & Murphy, D.D. 1995. Soil arthropod abundance in coast

redwood forest: effect of selective timber harvest. Environ. Entomol., 24: 246-252.

Howden, H.F. & Vogt, G.B. 1951. Insect communities of standing dead pine (Pinus virginiana

Mill). Ann. entomol. Soc. Am., 44: 581-595.

Hughes, T.E. 1959. Mites or the Acari. Athlone Press, London.

Hungate, R.E. 1940. Nitrogen content of sound and decayed coniferous woods and its relation to

loss in weight during decay. Bot. Gaz., 102: 382-392.

85



Arthropod diversity associated with fallen logs and woody litter on the forest floor on a small Seychelles Island
lA Kelly

Huse, S. 1994. International wildlife conservation cooperation and conventions. In: Tropical

ecosystems: A synth esis oftropical ecology and conservation (Balakrishnan, M.,

Borgstrom, R. & Bie, S.W. eds). Science Publishers, India, pp 275-287.

Imms, A.D. 1957. A general textbook ofentomology. Methuen, London.

Isabirye-Basuta, G. & Kasenene, J.M. 1987. Small rodent populations in selectively felled and

mature tracts of Kibale Forest, Uganda. Biotropica, 19: 260-266.

IUCN-UNEP-WWF. 1980. World conservation stratergy: Living resources conservation for

sustainable development. IUCN, Gland, Switzerland.

Iyer, n.v. & Francis , K.A. 1941. The climate of the Seychelles with special reference to its rainfall.

Mem. Ind. Met. Dept., 27: 45-60.

Jonsell , M., Nordlander, G. & Jonsson, M. 1999. Colonization patterns of insects breeding in wood­

decaying fungi. J Insect Cons., 3: 145-161.

Kaarik, AA 1974. Decompostion of wood. In: Biology ofplant litter decomposition (Dickson,

C.H.& Pugh, G.J.E . eds). Academic Press , London, pp 129-174.

Kaila, L., Martikainen, P. & Punttila, P. 1997. Dead trees left in clear-cuts benefit saproxylic

Coleoptera adapted to natural disturbances in boreal forest. Biodiv. Cons., 6: 1-18.

Karr, J.R. 1971. Structure of avian communities in selected Panama and Illinois habitats. Ecol.

Monogr., 41: 207-233 .

86



Arthropod diversity associated with fallen logs and woody litter on the forest floor on a small Seychelles Island
lA Kelly

Kaston, RJ. 1972. How to know the spiders. San Diego State University, The Pictured Key Nature

Series, WMC Brown, Dobuyue, Iowa.

Key, R.S. 1993. What are saproxylic invertebrates. In: Dead wood matters: the ecology and

conservation ofsaproxylic invertebrates in Britain (Kirby, K.J. & Drake, C.M. eds).

English Nature, Peterborough, London, p . 5.

Key, R.S. & Ball, S.G. 1993. Positive management for saproxy1ic invertebrates. In : Dead wood

matters: the ecology and conservation ofsaproxylic invertebrates in Britain (Kirby, K.J. &

Drake, C.M. eds). English Nature, Peterborough, London, pp 89-101.

Kirby, K. & Drake, M. 1993. Introduction In: Dead wood matters: the ecology and conservation of

saproxylic invertebrates in Britain (Kirby, K.J. & Drake, C.M. eds). English Nature,

Peterborough, London, p. 4.

Kremen, C. 1992. Assessing the indicator properties of species assemblages for natural areas

monitoring. EcoZ. Appl., 2: 203-217.

Kremen, C., Co1well, R.K., Erwin, T.L., Murphy, D.D., Noss, R.F. & Sanjayan, M.A. 1993.

Terrestrial arthropod assemblages: their use in conservation planning. Cons. Biol.,

7: 796-808.

Lack, D. 1971. Ecological isolation in birds. Blackwell, Oxford.

Lambert, R.L., Lang, G.E. & Reiners, W .A. 1980. Loss of mass and chemical change in decaying

boles of a sub alpine balsam fir forest. Ecology, 61: 1460-1473.

87



Arthropod diversity associated with fallen logs and woody litter on the forest floor on a small Seychelles Island
I .A. Kelly

Lang, G.E. & Forman, R.T . 1978. Detrital dymanics in a mature oak forest: Hutcheson Memorial

Forest, New Jersey. Ecology, 59: 580-595.

Lang, G.E. & Knight, D.H. 1979. Decay rates for boles of tropical trees in Panama. Biotropica,

11: 316-317.

Larsen, M.J., Jurgensen, M.F . & Harvey, A.F. 1978. N2 fixation associated with wood decayed by

some common fungi in western Montana. Can. J. For. Res., 8: 341-345.

Lawrence, J. 2000. Ecology and behaviour ofSeychelles giant millipede. Unpublished M.Sc. thesis,

University ofNatal.

Lawton , J.H., Bignell, D.E ., Bolton, B., Bloemers, G.F., Eggleton, P., Hammond, P.M., Hodda, M.,

Holt , R.D. , Larsen, T.B. , Mawdsley, N.A. , Stock, N.B., Srivastava, D.S. & Watt, A.D. 1998.

Biodiversity inventories, indicator taxa and effects of habitat modification in tropical forest.

Nature, 391: 72-76.

LeMaitre, S. 1999. Invertebrate communities as a food basefor the endangered Seychelles Magpie

Robin. Unpublished M.Sc. thesis, University ofNatal.

Levins, R. 1968. Evolution in changing environments. Princeton University Press, Princeton, N.J.

Lewis, J.G.E. 1981. The biology ofcentipedes. Cambridge University Press, Cambridge.

Lindblad, I 1995. Basidiomycetes on fallen logs ofNorway spruce-stages ofdecay and sporocarp

production. Unpublished thesi s, University of Oslo .

88



Arthropod diversity associated with fallen logs and woody litter on the forest floor on a small Seychelles Island
lA Kelly

Linder, P & Ostlund, L. 1992. Changes in the boreal forests of Sweden 1870-1991. Svensk. Bot.

Tidskr. 86: 199-215. (in Swedish with English summary).

Lloyd, M. 1963. Numerical observations on movement of animals between beech litter and fallen

branches. J Anim. Eco!., 32: 157-163.

Lomholdt, O. 1975. The Sphecidae (Hymenoptera) ofFennoscandia and Denmark. Scandinavian

Science Press, Klampenborg.

Ludwig, J.A. & Reynolds, J.F. 1988. Statistical ecology. A primer on methods and computing.

Wiley, New York.

MacArthur, R.H. 1972. Geographical ecology. Harper & Row, New York.

MacArthur, R.H., Recher, H. & Cody, M. 1966. On the relation between habitat selection and

species diversity. Am. Nat., 100: 319-332.

Madge, P.E. 1958. The ecology of Oncopterafasciculata (Walker) in South Australia. Aust. J Zoo I.

6: 19-26.

Martin, O. 1989. Smaeldere (Coleoptera, Elateridae) fra gammel iovokov i Denmark (Click beetles

(Coleoptera, Elateridae) from old deciduous woodlands in Denmark). Ent. Medd., 57: 1-107.

(in Danish with English summary).

89



Arthropod diversity associated with fallen logs and woody litter on the forest floor on a small Seychelles Island
lA. Kelly

Maser, c.,Trappe, J. & Ure, D. 1978. Implications of small mammal mycophagy to the

management ofwestern coniferous forests. Transactions of the 43rd North American

Wildlife and Natural Resources Conference. Wildlife Management Institute, Washington.

D.C.

Matthews, E.G. 1976. Insect ecology. University of Queensland Press, Queensland.

Mawdsley, N.A. & Stork, N.E. 1995. Species extinctions in insects: ecological and biogeographical

considerations. In : Insects in a changing environment. (Harrington, R. & Stork, N.E. eds)

Academic Press, London, pp 321-369.

McFee, W.W. & Stone, E.L. 1966. The persistence of decaying wood in humas layers of northem

forests . Soil. Sci. Soc. Am. Proc. , 30: 513-516.

McGeoch, M.A. 1998. The selection, testing and application of terrestrial insects as bioindicators.

Bioi. Rev., 73: 181-201.

McLean, LF.G. & Speight, M.C.D. 1993. Saproxylic Invertebrates - the european context. In: Dead

wood matters: the ecology and conservation ofsaproxylic invertebrates in Britain (Kirby,

KJ. & Drake, C.M. eds). English Nature, Peterborough, London, pp 2 1-32.

McNamara, P.J . 1955. A preliminary investigation ofthe fauna ofhumus layer in thejarrahforest

of Western Australia. Canberra: Forestry and Timber Bureau Leaflet no 71.

Merrill , W. & Cowley, E.B. 1966. Role of nitrogen in wood deterioration: Amounts and distribution

in tree stems. Can. 1. Bot., 44: 1555-1580.

90



Arthropod diversity associated with fallen logs and woody litter on the forest floor on a small Seychelles Island
J.A. Kelly

Mikkola, K. 1991. The conservation of insects and their habitat in Northern and Eastern Europe. In:

The conservation ofinsects and their habitats (Collins, N.M. & Thomas; J.A. eds).

Academic Press, London, pp 109-119.

Mooney, H.A. & Hobbs, RJ. 2000. Invasive species in a changing world. Island Press, Washington

D.e.

Myers, N. 1990. The biodiversity challenge: expanded hotspots analysis. Environmentalist,

19: 243-256.

Niemela, J. & Baur, B. 1998. Threatened species in a vanishing habitat: plants and invertebrates in

calcareous grasslands in the Swiss Jura mountains. Biodiv. Cons., 7: 1407-1416.

Nilsson, S.G. & Baranowski, R. 1997. Habitat predictability and the occurrence of wood beetles in

old growth beech forests. Ecography, 20: 491-498.

Nilsson, S.G. & Ericson, L. 1997. Conservation of plant and animal populations in theory and

practice. Ecol. Bull., 46: 117-139.

0degaard, F., Diservd, O.H. , Engen, S. & Aagaard, K. 2000 . The magnitude oflocal host

specificity for phytophagous insects and its implications for estimates of global species

richness. Cons. Bioi., 14: 1182-1186.

Okland, B. 1995. Unlogged forests: Important sites for preserving the diversity of mycetophilids

(Diptera: Sciaroidea). Biol. Cons., 76: 297-310.

91



Arthropod diversity associated with fallen logs and woody litter on the forest floor on a small Seychelles Island
J.A. Kelly

Okland, B., Bakke, A., Hagvar, S. & Kvvarnne, T. 1996. What factors influence the diversity of

saproxylic beetles? A multiscaled study from a spruce forest in southern Norway. Biodiv.

Cons ., 5: 75-100.

Oliver , I. & Beattie, AJ. 1992. A possible method for the rapid assessment ofbiodiversity.

Cons. Bio!., 7: 562-568.

Oliver , I. & Beattie, AJ. 1996a. Invertebrate morphospecies as surrogates for species: A case study.

Cons. Bioi., 10: 99-109 .

Oliver, I. & Beattie, AJ. 1996b. Designing a cost-effective invertebrate survey: a test ofmethods

for rapid assessment ofbiodiversity. Ecol. Appl.. 6: 594-607.

Orians, G.B. 1969. The number ofbird species in some tropical forests. Ecology, 50: 783-801.

Packard, A.S. Jr 1890. Insects injurious to forest and shade trees. USDA, U.S Entomological

Commission Fifth Report, Washington D.C.

Palm, T . 1959. Die Holz-und Rinden-Kafer der sud-und mittelschwedischen Laubbaume (The wood

and bark coleoptera of deciduous trees in southern and central Sweden). Opusc.

Ent. Supp., 16: 1-374. (in German with English summary).

Paviour-Smith, K. & Elbourn, C.A. 1993. A quantitative study of the fauna of small dead and dying

wood in living trees in Wytham Woods, near Oxford. In: Dead wood matters: the ecology

and conservation ofsaproxylic invertebrates in Britain (Kirby, K.J. & Drake, C.M. eds).

English Nature, Peterborough, London, pp 33-57.

92



Arthropod diversity associated with fallen logs and woody litter on the forest floor on a small Seychelles Island
JA Kelly

Pearson, D.L. & Cassola, F. 1992. World-wide species richness patterns oftiger beetles

(Coleoptera: Cicinde1idae): indicator taxon for biodiversity and conservation status.

Cons. Biol. , 6: 376-391.

Peterson, H & Luxton, M. 1982. A comparative analysis of soil fauna populations and their role in

decomposition processes. Oikos, 39: 287-388.

Pfarr, U. & Schramme1, J. 1991. Fichten-Totolz im Spanungsfeld zwishen Naturschutz und

Forstschutz. Forstw. cu..100: 128-134.

Plumptre, AJ. & Reynolds, V. 1994. The effect of selective logging on the primate populations in

the Budongo Forest Reserve, Uganda. J. Appi. Ent., 31: 631-641.

Price, P.W. 1980. Evolutionary biology ofparasites. Princeton University Press, Princeton, NJ.

Purvis, a.w. & Hammond, P.M. 1990. Report on the plants and insects ofBurnham Beeches.

London, Natural History Museum. (Commissioned by Wardell Armstrong for Appeal by

Summerleaze against refusal of planning permission for gravel extraction and landfilling at

East Burnham, Buckinghamshire.).

Racey, P.A. & Nicoll, M.E. 1984. Mammals of the Seychelles. In: Biogeography and ecology of

the Seychelles Islands (Stoddart, D.R. ed.). Junk, The Hague, pp 607-626.

Reid , C.M. & Kirby, K.J. 1996. Management of the dead wood resource in woods and parks. Asp.

Appl. Biol., 44 : 437.

93



Arthropod diversity associated with fallen logs and woody litter on the forest floor on a small Seychelles Island
J.A. Kelly

Riechert S.E. & Lockley T. 1984. Spiders as biological control agents. Ann. Rev. Ent.,

29: 299-320.

Rodin, L.E. & Basilevic, N.1. 1968. Functioning ofterrestrial ecosystems at the primary

production level. UNESCO, Paris.

Roth , L.M. 1995. Cockroaches from the Seychelles Islands (Dictyoptera: Blatteria). 1. afr. Zool.,

110: 97-128.

Ruth , R.H. & Yoder, R.A. 1953. Reducing wind damage in the forest ofthe Oregon Coast Range.

USDA Forestry Service Station Paper 7 Pacific Northwest Forage and Range Experimental

Station. Portland. Oregon.

Saalas , U. 1917. Die Fichtenkafer finnlands. Ann. Acad. Scient. Fenn. Ser. A., 8: 1-547.

Samways, M.l. 1993. Insects in biodiversity conservation: some perspectives and directives. Biodiv.

Cons., 2: 258-82.

Samways, M.l. 1994. Ins ect conservation biology. Chapman & Hall, London.

Samways, MJ. 2000. Conserving on ecosystem, Cousine Island, Seychelles. Afr. Environ. Wildlife,

8: 22-23

Sandlund, O.T., Schei, P.J. & Viken, A. 1999. Invasive species and biodiversity management.

Kluwer, London, pp 1-11.

94



Arthropod diversity associated with fallen logs and woody litter on the forest floor on a small Seychelles Island
lA Kelly

Santos, P.F. & Whitford, W.G. 1981. The effects of microhabitats on litter decomposition in a

Chihuhan desert ecosystem. Ecology, 62: 654-663.

Savely, H.E . 1939. Ecological relations of certain animals in dead pine and oak logs. Eco!.

Monogr., 9: 321-385.

Scholtz, C.H. & Holm, E. 1994. Insects ofsouthern Africa. Butterworths, Pretoria.

Schowalter, T.D. 1985. Adaptations of insects to disturbance. In: The ecology ofnatural

disturbance and patch dynamics (Pickett, S.T.A. & White, P.S. eds). Academic Press, New

York, pp 235-252.

Seastedt, T.R. & Crossley, D.A . 1981. Microarthropod response following cable logging and clear­

cutting in the southern Appalachians. Ecology, 62: 126-135.

Sharp, R.F. & Millbank, J.W. 1973. Nitrogen fixation in deteriorating wood. Experimentia, 29: 895­

896.

Shirt, D.B. 1987. British Red Data books: 2 Insects. Nature Conservancy Council, Peterborough.

Siitonen, J. 1994. Decaying wood and saproxylic Coleoptera in two old spruce forests: a

comparison based on two sampling methods. Ann. Zool. Fenn., 31: 89-95.

Simmonds, D.J., Majer, J.D. & Nicols, a.G. 1994. A comparative study of Spider (Araneae)

Communites of rehabilitated Bauxite Mines and surrounding forest in the Southwest of

Western Australia. Rest. Eco!., 2: 247-260.

95



Arthropod diversity associated with fallen logs and woody litter on the forest floor on a small Seychelles Island
I .A. Kelly

Slotow, R. & Hamer M. 2000 . Biodiversity research on South Africa: comments on current trends

and methods. S. A. 1. Sci , 96: 222-224.

Speight, M.C.D. 1989. Saproxylic invertebrates and their conservation. Nature & Environment

Series No. 42, Council of Europe, Strasbourg.

Speight, M.R. & Wainhouse, D. 1989. Ecology and management offorest insects. Clarendon,

Oxford.

Speight, M.R., Hunter, M.D. & Watt, A.D. 1999. Ecology ofinsects, concepts and applications.

Blackwell Science, London.

Spence, J.R. & Niemela, J.K. 1994. Sampling carabid assemblages with pitfall trap : The madness

and the method. Can. Entomol. , 126: 881-1194.

Stanton, N.L. 1979. Patterns of species diversity in temperate and tropica1litter mites. Ecology,

60: 295-304.

Stoddart, D.R. 1984a. Scientific studies in the Seychelles. In: Biogeography and ecology ofthe

Seychelles Islands (Stoddart, D.R. 00.). Junk, The Hague, pp 1-16.

Stoddart, D.R. 1984b. Impact of man on the Seychelles. In: Biogeography and ecology ofthe

Seychelles Islands (Stoddart, D.E . ed.). Junk, The Hague, pp 641-654.

Stork, N.E. 1987. Guild structure ofarthopods from Borean rain forest trees. Ecol. Ent. , 12: 69-80.

96



Arthropod diversity associated with fallen logs and woody litter on the forest floor on a small Seychelles Island
J.A. Kelly

Stork, N .E. 1988. Insect diversity: facts, fiction and speculation. Biol. 1. Linn. Soc., 35: 321-337.

Stork, N.E. 1991. The composition of the arthropod fauna of Bomean lowland rainforest trees. 1.

Trop. Eco!. , 7: 161-180.

Stork, N.E. 1993. How many species are there? Biodiv. Cons., 2: 215-232.

Stork, N .E. 1997. Measuring global biodiversity and its decline. In: Biodiversity II. Understanding

and protecting our biological resources (Reaka-Kudla, M.L., Wilson, D.E. & Wilson, E.G.

eds). Joseph Henry Press, Washington DC, pp 41-68.

Stork, N.E. 1999. Estimating the number of species on earth. In: The other 99 %: The conservation

and biodiversity ofinvertebrates (Ponder, W . & Lunney, D. eds). Transactions of the Royal

Zoological Society ofNew South Wales. Surrey Beatty, Australia, pp 1-7.

Stork, N .E. & Hammond, P.M. 1997. Sampling arthropods from tree-crowns by fogging with knock

down insecticides: lessons from studies of oak tree beetle assemblages in Richmond Park

(UK). In: Canopy arthropods (Stork, N.E., Adis, J. & Didham, R.K. eds). Chapman &

Hall, London, pp 5-26.

Stubbs, A.E. 1972. Wildlife conservation and dead wood. Exeter. 1. Devon Trust Nat. Cons. ,

Suppl.,17.

Sutton, S. 1972. Woodlice. Ginn, London.

Swift, MJ. 1977. The Ecology of wood decomposition. Sci. Prog. Oxf., 64: 175-199.

97



Arthropod diversity associated with fallen logs and woody litter on the forest floor on a small Seychelles Island
JA Kelly

Syrjanen, K., Kalliola, R., Puolasmaa, A. & Mattsson, J. 1994. Landscape structure and forest

dynamics in subcontinental Russian European taiga. Ann. Zool. Fenn., 31: 19-34.

TerBraak, C.J.F. 1985. Correspondence analysis of incidence and abundance data: properties in

terms of a unimodal response model. Biometrics, 41: 859-873.

Torres, J.A. 1994. Wood decomposition of Cyrilla racemiflora in a tropical montane forest.

Biotropica, 26: 124-140.

Townsend, C.R.T. 1886. Coleoptera found in dead trunks of Tilia americana L. in October.

Can. Entomol., 18: 65-68.

Triska, FJ & Cromack, K. 1980. The role of wood debris in forest and strams. In: Forests: Fresh

\

perspective from ecosystem analysis (Waring, R.R. ed.). Proceedings 40th Biology

Colloquium 1979, Oregon State University Press, Corvallis, pp 171-190.

Triska, F.J., Sedell, J.R., Cromack, K., Gregory, S.V. & McCorison, F.M. 1984. Nitrogen budget

for a small coniferous forest stream. Eco!. Monogr., 54: 119-140.

Underwood, A.l. 1997. Experiments in ecology. Their logical design and interpretation using

analysis ofvariance. Cambridge University Press, Cambridge.

Wanless, F.R. 1983. Araneane - Salticidae. Contributions al'etude de lafaune terrestre des fles

grantiques de l'archipel des Sechelles. Musee Royale de l'Afrique centrale. No 241.

98



Arthropod diversity associated with fallen logs and woody litter on the forest floor on a small Seychelles Island
JA Kelly

Warren, M.S. & Key, R.S. 1989. Woodlands: past, present and potential for insects. In: The

conservation ofinsects and their habitats (Collins, N.M. & Thomas, J.A. eds). Academic

Press , London, pp 155-211 .

Watkins, C. 1990. Woodland management and conservation. David & Charles, Newton Abbot, UK.

Wheeler, Q.D. & Cracraft, J. 1997. Taxonomic preparedness: are we ready to meet the biodiversity

challenge? In: Biodiversity 11(Reaka-Kudla M.L. , Wilson, D.E. & Wilson, E.G. eds).

Joseph Henry Press, Washington DC, pp 435-446.

White, P.S. 1979. Patterns, process and natural disturbance in vegetation. Bot. Rev., 45: 229-299.

White, L.J.T. & Tutin, C.E.G. 1998. Why chimpanzees and gorillas respond differently to logging:

a case study from Gabon that cautions against generalizations. In: Af rican rainforest ecology

and conservation (Weber, B., Veder, A., Simons-Morland, H., White, L. & Hart, T. eds) Yale

Univ. Press, New Haven, Connecticutt, pp 23-41.

Young, A.M. 1982. Population biology oftropical insects. Plenum, New York.

99



Arthropod diversity associated with fallen logs and woody litter on the forest floor on a small Seychelles Island

APPENDIX

Table 21 Species list for Cousine Island

Key
P - P grandis logs in P. grandis forest type
F - Ficus spp. logs in Ficus spp. forest type
PPF I - P. grandis logs in Pigrandis / Ficus spp. forest type 1
FPFI - Ficus spp. logs in P.grandis / Ficus spp. forest type I
PPF2 - P.grandis logs in Pigrandis / Ficus spp. forest type 2
FPF2 - Ficus spp. logs in P.grandis / Ficus spp. forest type 2
PLW - P.grandis logs in Epryifolia / Ficus spp forest type
FLW - Ficus spp. logs in Eipryifolia / Ficus spp. forest type
C - C. nucifera logs

P -Woody litter in P grandis forest type
F - Woody litter in Ficus spp. forest type
PFl - Woody litter in Pigrandis / Ficus spp. forest type 1
PF2 - Woody litter in P.grandis / Ficus spp. forest type 2
LW - Woody litter in E pryifolia / Ficus spp. forest type

* Endemic to the Seychelles

I.A. Kelly

Taxon

Acari
Unknown

Abbreviation

ARSOl­
ARS36

Species name (species marked with *= endemic to
Seychelles)

36 species not ident ified

Log type and forest type in which the species
occurred.

P - 10 species
F - 9 species
C - 18 species
PPF 1 - 18 species
FPF 1 - 10 species
PPF2 - 14 spec ies
FPF2 - 10 species
PLW - 11 species
FLW - 10 species

Woody litter in forest
type in which the
species occurred.

P - 14 species
F - 14 species
PF 1 - 7 species
PF2 - 16 species
LW - 9 species
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Unknown AHMNS03 2 species not identified
Arachnida

Tetragnathidae Nesioneta benoiti (van Helsdingen , 1978)
Scytotidae Scytodes fusca (Walckenaer, 1837)

1 species not identified
Theridiidae AHS12 Theridion clabnum * Roberts, 1978

AHS25 2 species not identified
AHS28

Schizomidae Schizomida species 1
Schizom ida species 2
Schizomida spec ies 3

Corinnidae AHS08 Oedignatha scrobiculata Thorell, 1881
AHS19 2 species not identified

Oonopidae Opopaea deserticola Simon, 1891
AHS05 Oonopinus kilkus Suman , 1965

AHS2 4 Gamasomorpha trichinalis *Benoit, 1979
Pholcidae Hedypsilus culiculus * (Simon , 1893)

Mircopholcus fauroti (Simon, 1887)
Lexoscelidae 1 species not identified
Unknown AHS 11 6 species not identified

Blattodea
BLBLS01 Pycnoscelus indicus (Fabricius, 1775)

Unknown 2 species not identified

Apterygota
lapygidae AMNS04 2 species not identified P - 1 species

C - 1 species
PPF 1 - 1 species
PPF2 - I species
PLW - I species
P, PPF2, PLW ,FPF1, FPP2, FLW

F
FPF 1
FPF1
C
C - 2 species
PPF I - 1 species
FPF2 - 1 species
C
P, F
PPF1
P, PPF1 , PLW
P,F,PPF2
PPF1,PLW, F, FPF2
P,PPF1 ,PPF2,PLW,F,FPF1,FPF2,PLW,FLW,
C
PLW
PPF1
F
C
P,F,C,PF1

PPFI ,PPF2,PLW,F,PPF2,FPF2, FLW,C
P - 2 species
F - 2 species
C - 2 species
PPF 1 - 1 species
FPF1 - 1 species
PPF2 - 2 species
FPF2 - 1 species
PLW - 1 species
FLW - 2 species

LW

PF1

F

F
P

PF1 , LW
P
PF1

PF1, PF2 , LW, F
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Nitidulidae CLS02
Rhizophagidae

CLS 19
Ptilidae CLS05

Cryptophagidae CL S06

Chilopoda
Ge ophil omorpha

Scolopendridae
Lithobiidae
Unknown

Symphyla

Coleoptera
Platypodidae
Elateridae

Carabidae

Tenebri onidae

Scolytidae

CHGPS03
CHGPSOl
CHGPS04
CHSCS02
CHSCS04

CLS28

CL S04

Nesogeophilus leptochilus * Demange, 1981
Mech istoceph alu s sp.
Mechistoceph alu s cf. vanmo li Demange, 1981
Otostigmus rugulosus Porat, 1887
1 species not identified
Cryptops philammus Demange, 1981
1 species not identified
1 species not identified

Symphyla sp .

Platypus sp .
Cardiophorus lutosus Fleutiaux, 1923
Cardiophorus ga rdineri Fleuti aux, 1922
Portmidius solitarius Fleutiaux, 1923
2 larva not identified

Anilus sp .
Chlaenius bisignatus Dejean, 1826
1 larva not identified
Pseudhadrus sp.
Xyleborus cf.jerrugineus (Sampson, 1914)
Hypothenemus cf. birmanus Eichhoff, 1879
Xyleborus sp.
Xyleborus cf. p iceus Jordan, 1913
Cryphalus cf. discretus Eichho ff, 1871
Stelidota exp lanata Grouvelle, 1913
Rhizophagus sp . 1
Rhizophagus sp. 2
1 species not identified
Throscidium testaceusm *Britten., 1926
Ptinus sp.
Hapalips champ ioni Grouvelle, 1917
Eleusis kraatzi Fauvel , 1878

p,e
P,PPF2,F,FPFl
PPFl
P,C
e
PPFl , FPFl
P
C

F,C

P,F,C
PPFl ,PPF2,PLVV, F, FPF1, FPF2, FLVV,C
FPF2 , e
FLVV
P - 1 species
PPF1 - 1 spec ies
FPFl - 1 species
PPF2 - 2 species
PLVV - 1 species
FPFl , C
PPFl, FPFl
PLVV, FPF2
F,C
PPFl , PPF2, PLVV, F FPF 1, FPF2, C
P, PPF2, FPF1 , C
PPFl
PPFl ,PPF2,PLVV,F,FPFl
PPF2
PPF2,PLVV,FPFl ,FPF2, C
P,PPFl ,PPF2,PLVV,FPF1, FP F2 , FLVV, C
PPFl , PPF2
PPF2
P,PPFl ,PPF2,F,FPF1 , FPF2, C
PPF2, PLVV, F
PLVV, C
PLVV, FLVV

LVV

P,PFl
FPF2
FLVV
P - 1 species
F - 1 species

PF2

PF2,F
P,PF2,F
F

PFl, PF2, F
PF2

PF1 , PF 2, F
PF 2, F, LVV, P
PF 2
F
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Scarabidae

Pselaphidae

Coccinellidae
Colydidae
Staphylinidae

Hydrophilidae
Curculionidae
Unknown

CLS08

CLS29

CLCUSOl
CLLAS04
CLLAS05

CLSI5
CLS30
CLS34
CLS35
CLS36
CLS46
CLS47
CLS43
CLS48

Oxyomus palmarum Scott, 1912
Perssosoma grande *Scott, 1912
Apheloplectus obesus * Raffray, 1913
Triomicrus seychellensis Raffray, 1913
1 species not identified
Colobicones singularis * Grouvelle, 1917
Stenus cf silvicola Bernhauer, 1921
Astenus neglectus Markel1917
Coproporus sp,
Medon sp,
Astenus depressipennis (Bernhauer, 1921)
Cajinus sp.
Medon debilicornis Bernhauer, 1921
Medon microthorax Fauvel, 1907
1 species not identified
Coelostoma cf. punctulatum (Klug , 1833)
Cratops grisevestitus (Champion, 1914)
2 larva not identified

15 species not identified

PPFl,PPF2,FPFI , FPF2,C
PPFl, FPFI
PPF2 ,PLW
P,F,C,PPFl , FPFI ,PPF2,FPF2,PLW,FLW
F
C
FPFl, PPF2
PPF2,FPF2
P,C
P,F,C,PPFl ,FPFI ,PLW,PPF2,FPF2
PPF2,FPF2
PPFl
PPF2, FPF2 , FLW
PPFl
P, C, PPFl , F
F
C
P - 1 species
F - I species C
PPF I - 2 species
FPF I - I species
PLW - I species
FLW - I species

P - 6 species
F - 5 species
C - 11 species
PPF I - 6 species
FPF I - 7 species
PPF2 - 5 species
FPF2 - 7 species
PLW - 3 species
FLW - 4 species

P

LW
P, PFI , PF2, F, LW
F
PFI
P
F
PF2
P, PFl. PF2, F
P

LW
P,F
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Collcmbola

lA Kelly

Dermaptera
Carcinophoridae

Unknown

Diplopoda

Unknown

Diptera
Micropeziidae
Stratiomyiidae
Tipulidae
Drosphoidae
Muscidae
Chironomidae
Unknown

COEMS02
COEMS06
COEMS07
COEMSOl
COEMS03
COEMSI2
COISS02
COSMS04
COSMS06

ERLAS05
ERFOSOl

DDSOl
DDS04

DPLAS03
DPLASOl

DPLAS06
DPLAS02
DPLAS04
DPLAS08

24 species not identified

Gonolabris electra (Floater, 1994)
Labia minor (Burr , 1910)
Euborella annulipes (Floater, 1994)
2 species not identified

Trigoniulus naresi (Pocock, 1893)
Pseudospirobolellus avernus (Butler, 1876)
2 species not identified

Nereius alluaudi (Lamb, 1914) larvae
1 species not identified larvae
Monogoma pennipes Osten-Sacken, 1887 larvae
1 species not identified
Mydea compressipalp is Stein, 1910
1 species not identified
6 larvae not identified

P - 9 species
F - 8 species
C - 13 species
PPF 1 - 9 species
FPF 1 - 8 species
PPF2 - 12 species
FPF2 - 5 specie s
PLW - 9 specie s
FLW - 6 species

PPF1, PF2 , PLW
P,PPF2, PLW
P, F, FPF1 , C

P,PPF2,F,FPF2,FLW
P,PPF2,FPF2
P - 1 species
F - 2 species
C - 1 species
PFl - 1 species
FLW - 2 species

PLW,F,C,FPF1 ,FPF2
PPF1 , PLW, FPFl
C
FLW
PPFl
P
P - 3 species
F - 3 species
C- 1 species
PPFl - 1 species
FPF2 - 2 species
PLW - 1 spec ies

P - 2 species
F -7 species
PF 1 - 2 species
PF2 - 10 species
LW - 6 species

PF2
PF1, PF2
F
P,PFl

PF2
P - 1 species
F - 1 species
PF 1 - 1 species
PF2 - 1 species
LW - 1 species

LW

P

P - 3 species
F - 2 species
PFl - 3 species
PF2 - 2 species
LW - 1 species
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Unknown

Hemiptera
Reduviidae
Capsidae
Anthocoridae

Cicadellidae

Jassidae

Pentatomidae
Cercopidae
Fu1goridae

Miridae
Lygaeidae

DPSOl­
DPS55

HMDPSOl

HMCCS02
HMDLS03

HMCCS05

HMDLS04

HMLYS03

55 species not identified

Oncocephalus sp.
Felisacus auritus Distant, 1913
Lasiochilus scotti Distant, 1913
Ostorodiasodes typicus Distant, 1913
1 species not identified
Paganalia virescens *Distant, 1913
Jakellrella ineffectus *Distant, 1913
Scaphoideus seychellensis Distant, 1913
2 species not identified

Nehela bimaculicollis Distant, 1913
Nehela species 1
Nehela species 2
Chilocoristoides feliciatus Distant, 1913
Ptyelus mahei Distant, 1913
Osaka relata Distant, 1913
Armilustrum scotti Distant, 1916
Opiconsiva gloriosa Distant, 1916
Seychellesius niger * Distant, 1913
2 species not identified

P - 15 species
F - 16 species
C - 26 species
PPFl - 22 species
FPF1 - 27 species
PPF2 - 19 species
FPF2 - 12 species
PLW - 16 species
FLW - 14 species

PPFl,FLW, C
PPF2
F,FPF1,FLW
P,PPFl,PPF~,FPF2,FLW

PLW
P,F,PPFl,FPF1,PPF2,FPF2,PLW,FLW,C
F, PPF1, PPF2, FPF2, PLW, FLW, C
PPFl,PPF2,PLW,FPF1,FPF2,FLW
P - 1 species
LW - 1 species
P,C,FPF1
F,FPF2
C
P,C,PPF1,PPF2,PLW,F,FPF1,FPF2,FLW
P,PPF2,PLW,FPF2,C
P
P, F, PPF2, FLW, C
P
C,PLW
P - 1 species
C - 1 species
PPF2 - 2 species
FPF2 - 1 species
PLW - 1 species
FLW - 1 species

P - 11 species
F - 13 species
PFl - 19 species
PF2 - 12 species
LW - 22 species

P
P, F, PF1 , PF2, LW
P, PF1,F, LW
P, PFl, PF2, F, LW
P, PFl, PF2, F, LW

PF1, LW
P,PF2

P, PFl, PF2, F, LW

P
PF2

P - 1 species
PFl - 1 species
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Unknown

Hymenoptera
Forrnicidae

Unknown

Isopoda

Unknown

Isoptera
Terrnitidae

HMLYS02
HMSOl
HMCCS09

HYFMSOl

HYFMS03

HYFMS05

HYFMS08
HYFMS15
HYDPSOl
HYDPS02
HYDPS04
HYARSOl
HYSPSOl

IPCYSOl
IPARS02

IPLISOl
IPPRSOl

ISTMS02
ISTMS04
ISTMS09

9 species not identified

Strumigenys emmae (Smith, 1860)
Pheidole megacephala (Fabricius, 1775)
Pheidole cf. punctulata (ForeI, 1912)
Hypoponera ragusai (Santschi, 1963)
Technomyrmex albipes (Smith, 1861)
Odontomachus troglodytes (Santschi, 1938)
Tetramorium similimum Mayr, 1855
16 species not identified

Nagurus nanus Budde-Lund, 1908
Cubaris murina (Budde-Lund, 1913)
Venezillo parvus Budde-Lund, 1885
Reductoniscus costulatus (Ferrara & Taiti, 1983)
2 species not identified

Calotermes scotti Holmgren, 1910
Arrhinotermes calanifrons Holmgren, 1910
Nasutitermes nigritus Holmgren 1910

P - 1 species
F - 1 species
C - 2 species
PPF 1 - 2 species
PPF2 - 1 species
FPF2 - 1 species
PLW - 1 species
FLW - 1 species

PPFl
P,F,C,PPFl,FPFl,PPF2,FPF2,PLW,FLW
PPFl, PPF2
P,C,PPFl,PLW,FPFl
P, C, PPFl, FPFl, PPF2, FPF2, PLW, FLW
P,F,C,FPF2
PPF2
P - 4 species
F - 2 species
C - 4 species
PPFl - 5 species
FPF 1 - 4 species
PPF2 - 2 species
FPF2 - 6 species
PLW - 1 species
FLW - 2 species

PPFl,PPF2,PLW,FPF2,FLW
PPF2,PLW,FPF2,FLW
FLW
P, PPFl, PLW, F
P - 1 species
F - 1 species
C - 1 species
PPFl - 1 species
FPF2 - 1 species
PLW - 1 species

P,F,C,PPFl,FPFl,PPF2,FPF2,PLW
PPFl, F, FPFl
F,C,FPF2

P - 1 species
F - 1 species
PFl - 1 species
PF2 - 2 species
LW - 1 species

P, PFl, PF2, F, LW

P,PFl
P, PFl, F, LW
P
F
P -7 species
F - 2 species
PFl - 3 species
PF2 - 5 species
LW - 2 species

PF2
PF2

F
P - 1 species

PFl, PF2, F, LW
LW
F
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Unknown

Lepidoptera
Lyonetidae
Lithocolletidae
Geometridae
Unknown
Unknown

Orthoptera
Gryll idae
Unknown

Pseudoscorpiones

Unkn own

Thysanoptera
Thripidae

Unknown

LPS01 ­
LPS40

PSS01
PSS02
PSS04

AHMNSOl

1 species not identified

1 species not identified
1 species not identified
1 species not identified
1 larva not identified
40 species not identified

1 species not identified
4 species not identied

Withius piger Simon 1922
2 species not identified

Brachyurothrips anomalus Bagnall, 1921
Thrips sp. Bagnall, 1921
1 species not identified

P,F,C,PPFl ,FPFl ,PPF2,PLVV, FLVV

FPFl
P,PPFl
PPFl
PPF2 , PLVV, FPF1
P - 10 species
F - 4 species
C - 13 species
PPF 1 - 13 species
FPF 1 - 19 species
PPF2 - 13 speci es
FPF2 - 10 species
PLW - 5 species
FLW - 13 species

P, FPFl , FPF2 FLVV
P - 2 species
C - 2 species
FPFl - 1 species
PPF2 - 1 species
FLVV - 2 species

C,PPF1 ,PPF2,PLVV
P - 1 species
C - 2 species
PPF 1 - 1 species

PLW,F
P,F, PPFl, FPFl ,PPF2, FPF2,PLVV, FLVV
FLW

PFl, PF2, F, LVV

PFl

P - 18 species
F - 4 species
PFl - 15 species
PF2 - 10 species
LW - 15 species

P, F, PFl , LVV
P - 1 species

PF2

PF2
P,F
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