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Effects of selective logging on the
ecological organization of a peninsular
Malaysian rainforest avifauna
ANDREW D. JOHNS

Selective timber logging affects the avifauna in a variety of ways. There is a significant overall
decrease in species richness. Families such as Alcedinidae, Trogonidae, Timaliidase, Muscicapidae
and Dicaeidae were much reduced, both in species richness and overall abundance. Many species of
the Pycnonotidae, and tmigrant insectivores such as Hirundo rustica and Merops oiridis were
observed far more frequently in logged (i.e. selectively logged) forest.

Species that possess a highly specialized diet or foraging behaviour, those exploiting resources that
are evenly dispersed and predictable, and those that are physiologically intolerant of microclimatic
changes were most often absent from logged forest. Terrestrial and sallying insectivores appear
particularly susceptible. These birds tend to be replaced by more robust species, often those able to
feed opportunistically on a variety of foods. The presence of some colonizing birds is highly
ephemeral, but long-term changes in patterns of species sbundance are to be expected in logged
forest consistent with long-term changes in habitat parameters.

INTRODUCTION

Tropical rainforests support a high species richness among bird communities. This
is partly due to historical factors (Pearson 1982) and partly due to environmental
and habitat conditions promoting sympatry through specialization (Karr 1976);
other factors may be involved.

Mean abundance per species may be very low in tropical compared to temperate
forests (Karr 1971). Species may be rare for a number of reasons, usually because
their food resources are rare or because their optimal living space along
microclimatic gradients or within the habitat structure is small. Species which exist
at very low densities are likely to be susceptible to any form of disturbance that
alters features of their environment (Willis 1974, 1979): it is clear that species-rich
" rainforest communities are less constant (sensu Putman and Wratten 1984) in the
face of environmental change than are simpler communities (e.g. Michael and
Thornburgh 1971, Webb er al. 1977). Depending on the form of the disturbance,
however, common species can be as seriously affected as rare ones. Abundance alone
is not a reliable predictor of susceptibility to disturbance (Karr 1982a,b).

This paper examines the response of a species-rich avifauna to selective timber
logging, a prevailing form of habitat disturbance in tropical rainforest. Logging
* operations in peninsular Malaysia rarely cut more than 5% of total stems for their
timber, but incidental damage is considerable; destruction of less than 40% of the
stand is urmusual. The remnant is often left to regenerate, either naturaily or with
certain management procedures designed to promote the re-establishment of
commercially important trees (see UNESCO 1978). The level of damage is
sufficient to cause considerable change in patterns of resource abundance,
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microh‘abitgt diversity, predator/prey relationships and other controlling factors.
The differing responses of species may be used as 3 basis to examine broad

ccological atiributes which permit or prohibit survival following habitat
disturbance.

STUDY AREA

Data were co?lected in tropical dipterocarp forest (for a description of this vegetation
type, see Whitmore 1984) in the Sungai Tekam Forestry Concession, Pahang, West
Mglaysxa (401.0,N 102°40'E). This area is part of a large block of, until recently,
entirely undisturbed primary rainforest. Observations were made in one
compartment {C13C) before, during and afier selective logging, and in 1 -2 year-old
(C5A), 3—4 year-old {C1A) and 5-6 year-old logged forests (C2). The period of
study was from April 1979 until June 1981,

Study sites (Figure 1) ranged from arcund 80 m {C2) to 400 m above sea level
(CSA}, were of undulating to steep terrain and of a uniform vegetation type. None of
the higher areas possessed the stands of the common dipterocarp Shorea curtisii,
which does not occur below the hill-foot boundary and could have been a cause of

variation between sites. The different altitudes of the study sites may be a cause of

some variation (Wells 1985), but it will later be shown that this is a minor influence,
Site C13C remained adjacent to primary forest throughout the study; the older
logged forests were progressively further from primary forest (see Figure 1). Birds
would be expected to move freely between primary and logged forest in contiguous
areas, unless constrained in some way, but (because of isolation) not between
primary and older logged forests, at least on a regular basis.
Observations at C13C showed that 3.3% of trees were cut for their timber, but a

Figure 1, Location of study areas in the
Sungai Tekam Forestry Concession.
Shaded areas are clear-felled forest, now
under plantation crops, All remaining
areas are forested. Compartments logged
at the time of the study are numbered.
Boxed areas represent the study sites,
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total of 51% was destroyed during the operation to fell and remove them. The high
level of indiscriminate damage counteracts preferences shown by loggers for large
specimens of selected tree taxa: the loss of most taxa and all size classes of tree is
proportional to their abundance. Selective logging is not selective at all.

In addition to the loss of food resources, there are considerable changes in forest
microclimate. Loss of a high proportion of canopy cover causes increased
temperature, increased insolation, and decreased humidity in the understorey. Wind
damage through dessication and treefalls is also increased.

Extraction levels, and subsequent damage levels, were uniform between all sites
studied. Environmental effects of the selective logging operation at Sungal Tekam
have been discussed in detail elsewhere (Johns 1983).

METHODS

Data were collected in the form of spot observations; notes were made on first
observing an individual bird and not subsequently. In most cases, however,
individual birds did not remain visible for more than a few seconds. The majority of
species were seen only rarely and many exhibited cryptic behaviour, which probably
gives rise to under-representation in the population sample. Many species associated
in mixed-species flocks, and in these there would be a bias towards recording the
most conspicuous flock members. Cryptic species may, in some cases, be more
effectively sampled by mist-netting programmes, but this is only really feasible in
the understorey of rainforest and introduces a new set of biases (e.g. Lovejoy 1974).
The importance of differential detectability is reduced since analyses compare
relative abundances of the same sets of species between habitats.

Results presented for C13C were collected for five months (February to June
1980} prior to fogging and six months (January to June 1981) after its completion
{data collected during the six-month logging peried are not here considered). Birds
were observed by walking at random along a 100 100 m trail grid cut through an
area of approximately 1 km?. Observation times varied, but were generally berween
06h00 and 18h00, and 19h30 and 22h00 daily. Berween two and three weeks were
spent at the study site each calendar month.

Results from C5A, C1A and G2 were collected by walking along three 3 km trails.
Only the first kilometre was walked during the night. The entire length of the trail
was covered at least once per day. Observation times were as at the main study site.
Between 12 and 16 full days were spent at each site, but no more than six in any
30-day period.

The local abundance of some bird species may be a reaction to seasonal
fluctuations of food abundance (e.g. Leighton 1982), thus comparative analyses are
between matched monthly samples, unless indicated otherwise.

Before the onset of data collection, nine months were spent learning to recognize
individual species. Not all vocalizations were reliably distinguished and all such data
are dropped from the analyses. The use of these data would, in any case,
overestimate the abundance of very vocal species such as hornbills Bucerotidae and
barbets Capitonidae.
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RESULTS

Species richness

Owing to the preponderance of rarity (i.e. of species living at very low densities), it
may take a considerable time to record the fuill avifauna of an area of rainforest. In
fact, owing to the dynamic nature of such an avifauna, it may be impossible to do so.
Species accumulation curves (Figure 2) do not reach asymptotes, The differences in
curve shape between primary and recently logged forests at C13C on the one hand,
and the older logged forests on the other, indicate a greater abundance of birds in the
latter. More species are recorded per day because more birds are recorded per day;
the actual number of common species (i.e. those making up >1% of records) is in
fact similar between sites (27 and 26 at C13C before and afier logging, and a mean of
25.7 for the three older logged forests: see Appendix). The initial similarity of
curves at C13C before and after logging indicates that results may not be
significantly biased by differences in habitat-influenced observational ability (i.e.
that the greater abundance of birds in the older logged forest is real).

Logged forests appear to support a lesser species richness than primary forest,
however. Many species vacate the area as soon as logging begins and subsequently
avoid it {pers. obs.). Others may be present in much reduced numbers and remain
undetected. Significantly fewer species were observed per month following logging
at C13C (Mann-Whitmey U test: U=1, n, =n, =4, p<0.05). Species abundance
curves indicate that logged forests accumulate species fairly quickly following an

initial period of destabilization and loss of many species, but they do not necessarily

regain species typical of primary rainforest (see Appendix).

The use of diversity indices to examine these data is inadvisable, Fxamining the
whole avifauna by a single index ignores the fact that different subsets react to
environmental disturbance in different ways (see Karr and Roth 1971).

Figure 2. Cumulative mumber of bird
species in primary and selectively logged
forests, Results from C13C are separated 120 C13CIP|
into those made before logging (P) and c2

those made directly after logging (L),
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Species composition
Degradation of forest habitat is certain to cause alterations in the composition of the
avifauna, Such alterations may be temporary if the gene pool remains accessible and
the forest is allowed to regenerate, or permanent if the logged area is isolated.
Logging may be followed by the loss of some species, but will also be followed by
the appearance of previously unrecorded species from secondary or edge habitat,
many of which follow logging roads into forested areas (see Appendix).

The assemblages may first be examined in terms of sets of species (i.e. feeding
guilds: Table 1). The number of species is a feature of sample size.

The primary forest avifauna is dissimilar to those of the older logged areas, but
they are remarkably similar amongst themselves (Table 2). It should be noted that

Table 1. Comparison of feeding guild membership within primary and logged forest species assernblages. Feeding
guild definitions follow those of Karr (1980), with the addition of the following: faunivore/frugivores {hornbills,
which incorporate significant quantities of reptiles, etc., as well as fruit), sallying insectivores (birds that sally forth
from a perch to capture flying insects) and sweeping insectivores (birds that fly swiftly in straighs lines in open
areas, normally sbove the canopy).

Number of species
Recent Oid logged
Uniogeed logped (CSA, ClA
Trophic group Feeding guild (C13C) (C13C) and C2)

Frugivores Terrestrial 1 2 1
Arboreal 16 10 9
Faunivore/frugivores Arboreal [ 5 7
Insectivore/fgiveres Terresirial 5 i 2
Arboreal 28 23 30
Insectivore/nectarivores  Arboreal 10 8 9
Insectivores Terrestrial 16 6 4
Bark-gleaners 11 7 11
Foliage-gleaners 55 40 4]
Satkers 20 17 G
Sweepers 9 7 7
Carnivores Raptors is 9 11
Piscivores 1 0 1
Number of species observed 193 135 142

Table 2. Pairwise comgparisen of the distribution of species between feeding guitds in different forests surveyed.
Results are for chi-squared tests (the following groups are combined in the analyses: both frugivore guilds, both
insectivoreffrugivore guilds, raptors and piscivores). No areas are significantly different at the level p<0.05.
Similarity is indicated: *=p>0.95, **=p>{.99. It should be noted that effects of differential aititude of the study
ared appears incomsequential.

Cl3C Cl13C
{primary) (logged) C5A ClAa C2

C13C (primary) -

C13C (logged) 3.03*% -

C5A 11,58 7.62 -

ClA 9.77 3.25%  199%* -

G2 11.98 5.23 4.41 1.03%> -




70 A. D, JOHNS Forktail 1

the avifauna of C13C after logging was still in a state of change. This is also
demonstrated by the shape of the species accumulation curve, which falls midway
between that of undisturbed forest and that of the older logged forests (Figure 2). In
effect, it was still fosing species of primary forest but had not yet gained the edge
species that were present in older logged areas. It should also be noted, however,
that the areas with similar avifaunas were usually located close to each other,

The point should be emphasized that overall similarity of organization masks
many changes of species composition, particularly between primary and older
logged areas. If a correcting factor is applied to take into account the difference in
time spent in unlogged and the old logged forests, i.e.:

n

()

where n=number of observations of species in unlogged forest,
t, =number of days observation in unlogged forest,
t, =number of days observation in the three old logged forests combined.

If species with a value of d</1.0 are discounted, 22 species in total were judged to
avoid logged forests (Table 3). On the other hand, 20 species were observed only in
older logged forests or along logging roads.

Table 3. Intolerant and colonizing bird species at Sungai Tekam. Intolerant species are defined as those that
eccurred at C13C but not in ofder logged forests, taking the correction factor into account. Colonizing species are
those occurring only at C5A, CiA andfor C2, and those associated with apen logging roads (marked with an
asterisk). Feeding guild codes are explained in the Appendiz.

) Feeding Feeding
Intolerant species guikd Celonizing species guild
Otus rufescens R Spizactus crrhatus R
Hirundopus gigameus Swl Falco sp. R
H. cochinchinensis Swl Clamator coromandus AIF
Harpactes hasuntha FGI Phedilus badius R
Ceyx erithacus T1 Caprimulgus indicus* Swi
Lacedo pulchella TI C. macrurus* Swl
Haleyon concreta 11 Anthracoceros malayanus ¥F
Buceros brcamfs FF Muelleripicus pulveruientus BGI
Saxla. abﬂm"mtr BGI Dryocopus javensis BGI
Hemipus hivundinaceus Sal Cymbirhynchus macrorhynchos  FGI
Pericrocorus cinnamomens FGI Pycnonotus gotavier* AIF
Malacopteron affine FGI Hypsipetes chariotrae AIF
Stachyris poliocephala FGI Corous enca FGI
8. leucoris FGI Copsychus saularis* FGI
Macronous pilosus FGI Prinia rufescens* FGI
Copsychus pyrropyga FGI Orthotomus ruficeps* FGI
Enictirus leschenauity TI Mortacifla cinerea* TI
Ficedula mugimaki Sal Lanius cristatus* FGI
Culicapa ceylonensis Sal Zasterops everetti AlF
Rhipidura perlata Sal Lonchura leucogastra AF
Prionochilus percussus AF
Dicaeum concolor AF
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In general terms, there would appear to be less species of certain groups of
insectivores in logged forests, notably terrestrial, foliage-gleaning and sallying
species. Terrestrial species were uncommonly observed, but the lack of observations
of almost all such species in old logged forests suggests they were avoiding such
areas. A number of foliage-gleaners {c.g. babblers of genus Stackyris) and flycatchers
(e.g. Mugimali Flycatcher Ficedula mugimaki and Spotted Fantail Rhipidura
periata) were observed commonly in primary but never in logged forest. They may
have been replaced to some extent by colonizing insectivoreffrugivores (e.g. Yellow-
vented Bulbuls Pycronotus gotavier and Everett’s White-eyes Zosterops everetii), but
these species are present in large numbers only in very recently logged forest. There
is some change in the species of frugivore present, although absolute numbers of
frugivorous species are similar between study sites. For example, flowerpeckers
Dicaeidae, which specialize on mistletoe (Loranthaceae) berries, are entirely absent
from older logged forests.

Individual species abundances

Pairwise comparisons of the distribution of individuals between feeding guilds in all
combinations of the different forest types give no conclusive results. Using chi-
squared tests, all sites are significantly different from all others (p<0.001 in every
case) regardiess of proximity or altitude. This is probably a reflection upon vagaries
of small sample sizes: the older logged forests would have been expected to be more
similar to each other than to primary forest.

The response of particular species (see Appendix) may in some cases be attributed
to particular effects of logging. For example, logping causes blockage and
eutrophication of forest streams, and this adversely effects piscivorous kingfishers
Alcedinidae and stream-feeding passerines, such as White-crowned Forktails
Enicurus leschenaulti. Concentration of logging activity on ridgetops destroys a high
proportion of traditional dancing-grounds of Great Argus Pheasants Argusianus
argus, which are preferentially established in such areas (G. W. H. Davison
verbally); their reproductive success, although not their immediate population
density, is likely to be affected as a result.

Logging causes contrasting shifts in the abundance of certain species groups
(Figure 3), which often reflects the dominance or demise of particular species.
Babblers Timaliidae of such genera as Malacopreron and Stachyris were observed
commonly in primary forest but far less so following logging. Comparing
observations before and after logging at C13C, a significant drop in numbers was
evident (Mann-Whitney U test: U=0, n,=n,=4, p<0.05). There was aiso a
significant drop in the numbers of understorey flycatchers Muscicapidae in logged
forests (comparing primary forest at C13C with the three logged forest sites: U=0,
n,; =4, n,=3, p<0.05). By contrast, significantly higher numbers of bulbuls
Pycnonotidae were recorded (comparing primary with older logged forest sites:
U=0, n, =4, n, =3, p<0.05). This was largely due to the appearance in the sample
of large pumbers of the colonizing Cream-vented and Yellow-vented Bulbuls
Pycnonotus simplex and P. goiavier. The opening-up of the canopy by logging
allowed invasion of lower levels by large numbers of sweeping insectivores, notably
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by migrant Barn Swallows Hirundo rustica. Migrant Blue-throated Bee-eaters
Merops viridis were also commenly observed in the lower levels of logged forest.
It should be noted that although species are here classified into discrete feeding
guilds, some may alter foraging strategies in response to changes in the resource
profile. For example, bark gleaners such as Crimson-winged and Banded
Woodpeckers Picus punicens and P. miniaceus switch to foliage-gleaning when faced
with a shortage of bark insects. In view of the predominance of specialized feeders in

rainforest, however, major changes in food chosen or feeding behaviour are unlikely .

to be widespread.

DISCUSSION

Rariry

There is no pattern in the abundance of species in the sample at C13C before
logging in relation to their abundance in logged forests. Many species rarely
observed in primary forest were equally infrequent in logged areas while others
were encountered regularly (e.g. Crested Jay Plazylophus galericulatus). Some
species that were observed frequently in primary forest survive well in logged forest
{e.g. Bushy-crested Hornbill Anorrhinus galeritus) whereas others do not (e.g.
Spotted Fantail Rhipidura periara).

Figure 3. Changes in the relative abun-
dance of selected families of birds in

primary and logged forests, Results ] p -
from CI13C are separated into those /\/ Accipitridae

made before logging (P) and those made /Falconidae

directly after logging {L). 15
/\/ Meropidae

4 \/‘
Picidae
\/\ Pycnonotidae

Muscicapidae
\/ Timaliiae
L]

_/\ Nectariniidae

C5A C1a  C2

w
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Furthermore, there is no pattern in the survival of sets of species of different body
weight: some large-bodied species survive successfully {e.g. hornbills Bucerotidae)
whereas others do not {e.g. partridges Phasianidae). Responses are more likely to be
due to changes in habitat parameters than due to body weight per se, although it
should be noted that large-bodied species are often more specialized feeders {¢f.
Cope’s Law; Ricklefs 1979).

No direct conclusions can be drawn concerning patterns of rarity since samples
are limited and serendipity would be a major influence. Seasonal or periodic
fluctnations cannot be taken into account, and it is clear that there are high
proportiens of itinerants among many bird populations, some species {e.g. green
pigeons Treron and some hornbills RAyriceros) being entirely nomadic (Leighton
1982, Wells 1985). It is necessary to examine features of the environment that are
likely to affect patterns of bird distribution.

Food resources

Frugivorous birds may be divided into two main groups: those that feed primarily
on small fruits (e.g. bulbuls Pycnonotidae) and those that feed primarily on large
fruits (e.g. hornbills Bucerotidae). Both types of fruit are distributed patchily in
dipterocarp forest, largely because very few of the tree species produce fruit that is
edible to birds (McClure 1966, Fogden 1972).

Small fruits are characteristically produced by small and early-maturing trees,
which are often commoner in early successional patches or in riparian habitat, and
thus show a highly clumped distribution (Fogden 1972). Large bird-edible fruit are
usually produced by rare and widely dispersed canopy trees, and are exploited by
large-bodied species capable of travelling long distances and which frequently form
cohesive flocking units (e.g. green pigeons Treron and Mountain Imperial Pigeon
Ducula badia). )

Specialization towards exploiting a resource that is both patchily distributed and
erratic in its seasonality is, to a certain extent, preadaptive to survival in conditions
of habitat disturbance. In logged forest, dispersion of large fruit sources will become
increasingly irregular, but those species which are physiologically and anatomically
adapted for extensive ranging are likely to persist. Less wide-ranging species which
feed on sugar-rich fruits are often able to exploit colonizing trees and shrubs
(Fogden 1972) and may be less vulnerable than those species which specialize on
large fruits produced by trees which are eliminated by logging; for example,
disproportionate loss of strangling fig trees Ficus subgenus Urostigma may adversely
affect large hornbills (Leighton and Leighton 1983).

Among the most susceptible frugivores may be small species which feed on lipid-
rich fruit (e.g. Green Broadbill Calyptomena viridis). Lipid-rich fruit are not often
borne by colonizing trees. Flowerpeckers Dicaeidae would appear to be severely
restricted in logged forest for similar reasons: in this case, a reliance on a single
group of plants (Loranthaceac} which are parasites of canopy trees.

Insectivore/nectarivores, which feed in association with flowers to a major extent,
share many behavioural traits with frugivores. Although not well adapted for flying
long distances, the species in question typically show considerable local population
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shifts, even in primary forests, consistent with the spatial and temporal patterning of
food resources. This feature would enable species to exploit patchy food resources
in logged forest, and most appear to persist at Sungai Tekam. The more open
habitat in recently logged forest contains higher densities of many flowering plants
visited by sunbirds of the genera Anthreptes and Hypogramma, and supports the
thick, tangled pioneer commumnity of bananas Musaceae and gingers Zingiberaceae
that is occupied by many spiderhunters Arachnothera.

Foliage insects are a largely predictable resource in primary forest, but become
less so following logging. The overall abundance of insects is less in logged forest,
and periods when they are a scarce resource are longer (Wong 1982). Such periods
of low abundance of foliage insects are marked by shifts in the feeding habits of
some species; bulbuls Pycnonotidae and malkohas Phaericophaens add fruit or
increase the proportion of fruit in their diet. Species which are obligate insectivores
will not remain in habitat where shortages of insect prey ocecur. For example, a
severe reduction in the numbers of large foliage insects favoured by trogons
Harpactes may account for the low numbers of these birds in logged forests.

Babblers Timaliidae are extremely abundant in primary forest and may make up a
major portion of the biomass (Wong 1985). They are mostly gleaning insectivores
and may find less food in regenerating vegetation. Certain understorey flycatchers,
in such genera as Muscicapa and Philentoma, were also observed far less frequently
in logged forests. This is not likely to be correlated with food abundance since the
numbers of some flying insects (notably mosquitos Culicidae) increases
considerably. There are, however, two ways in which the insects may be less
accessible to flycatchers in logged forests. First, sallying species might be fimited in
their feeding by an absence of suitable perches in the vicinity of food resources, for
example, along logging roads and in cleared areas where the insects congregate to
breed in water-filled ruts. Second, in such open areas, flying insects become
increasingly exploited by sweeping insectivores such as swifts Apodidae and Barn
Sv;.raliows Hirundo rustica, which are restricted to foraging above the canopy in
primary forest. These birds, and especially migrant Blue-throated Bee-eaters Merops
virtdis, occupy foraging volume normually used by understorey flycatchers.

Their position at the top of the food chain might be expected to render carnivores
susceptible to disturbances affecting the food web, but most appear to exploit a
variety of prey species opportunistically and are able to move over very large areas.
Many species take advantage of the fact that prey have to cross open areas more
frequently in logged forest and are thus more easily seen and captured. Patrolling or
scanning of roadways was observed in many species, such as Collared Scops Cwls
Otus bakkamoena, which catch beetles, and hawk eagles Spizaetus and Crested
Serpent Eagles Spilornis cheela, which catch mostly reptiles.

Microhabitar gradients

Karr and Freemark (1983) suggest that selection of optimal microhabitats is a
primary determinant of activity, particularly among understorey species. Optimal
microhabitats will be selected on the basis of foraging volumie (habitat structure) and
conditions of temperature and humidity. The activity of many small birds is limited
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by temperature fluctuations; some are known never to cross sunlit patches (Beil
1982). Microclimatic changes associated with logging probably limit populations of
understorey groups such as babblers Timaliidae more than do alterations of food
supply. Babblers are known to become heat-stressed very easily outside of their
preferred environment (M. Wong verbally). Species which normally follow the
outer surface {‘skin”) of the forest searching for food (e.g. drongos Dicrurus,
malkohas Phaenicophaeus, leafbirds Chloropsisy do not show such physiological
limitations and are more likely to respond to features of resource abundance than to
microclimatic gradients. As the canopy is broken up by logging, these species will
also occupy foraging volume normally exploited by {(but now rendered unsuitable
for) understorey species.

Logging acts directly to eliminate or reduce certain parts of the microhabitat
mosaic. The bark of some forest trees is scorched by sunlight, which also kills the
covering of mosses and epiphytes. This change causes a reduction in the numbers of
some bark-gleaning insectivores and those that probe among moss and epiphytes for
their food. Drying and hardening of the soil severely reduces the availability of soil
arthropods and has a marked effect upon litter-gleaning birds: this group may be the
most vulnerable to elimination by logging. Terrestrial babblers {e.g. Blackcapped
Babbler Pellorneum capistratum, Large Wren-Babbler Napothera macrodactyla, and
Trichastoma species) were rarely observed in logged forest at Sungai Tekam, and no
species of pitta Pittidae was encountered (these birds are normally easily detected
because of their characteristic calls).

Nest sites

Loss of suitable nest sites is another factor that may restrict the populations of
certain birds in logged forest (e.g. cavity nesters: McClure 1968). Reproductive
success of birds has been reported to be depressed even in forest logged 25 years
previously (Wong 1985), although it is not clear whether a lack of nest sites or other
factors give rise to this difference. No data are provided by this study (see Johns
1985).

Cautionary note
Many large-bodied forest birds travel over large distances and may range between
logged and primary forests at Sungai Tekam, although in the case of areas C1A and
C2 this would require travelling at least 6 km. Their exploitation of logged forest
indicates that it is not wholly unsuitable habitat, but they may not be able to persist
solely within it. Most small-bodied itinerant birds would not range so far on less
than a seasonal basis, however. Differences in species composition between sites
may to some extent be due to the limited observation time, the patchy distribution of
birds, the serendipity of encounters, and slight differences caused by altitude, but a
consideration of microhabitat parameters suggests that avoidance of logged forest by
some species is likely.

The persistence of a large number of bird species in logged areas some distance
from primary forest might be taken to indicate resilience to disturbance. It should be
borne in mind, however, that following logging the land was left to regenerate
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ngtm'ally, apart from some replanting in heavily damaged areas: there was no firther
disturbance. This is atypical of many regions, where logged forests are invaded by
hunters and agriculturalists (Johns 1985).

Furthermore, the study considers only short-term results. It would be expected
that the most critical period of resident birds is immediately following logging; it is
at this time that the species assemblage shows characteristics of instability (notably a
predominance of generalist species: see Pimm and Lawton 1978), Itinerant birds
may not bt? stressed at this time, however, because of the proximity of primary
forest. While many species persist in the primary/logged forest mosaic at Sungai
Tekam, it has yet to be proven that forest avifaunas can be maintained in discrete
areas that are completely logged (i.e. selectively logged throughout).

As logging continues at Sungai Tekam, primary forest will become increasingly
remote frorn the older regenerating forests and their use by nomadic and perhaps by
itinerant birds may thus fall off over time (unless they regenerate quickly to a stage
whereby they can support these birds). In time, primary forest may remain only on
steeper land. Many species’ distributions are limited by slope (i.e. the hill-foot
boundary: Wells 1985) and the source of colonists may thus be curtailed (unless
older logged forests support the susceptible species by this time). It is hoped that
longer-term observations at Sungai Tekam will provide answers to some of these
outstanding questions.
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Migrant species are marked (Mig);

(Mont).

Feeding guild data are from D. R. Wells (in lir2.) and my own personat observations. Feeding guild
codes are as follows: TF, terrestrial frugivore; AF, arboreal frugivore;
TTF, terrestrial insectivore/frugivore;

mantane species, prohably accidental at Sungai Tekam, are marked

APPENDIX
BIRD SPECIES RECORDED IN PRIMARY AND SELECTIVELY LOGGED FORESTS AT

SUNGAI TEKAM.

insectivore; Swl, sweeping insectivore; R, raptor; P, piscivore.

Observations made at C13C are divided inte those made in
after logging {L). Species abundances are noted as follows:
between 0.5 and 1.0% of the sample; xxx, >1.0% of the sample; p, present (these species were not
included in the population sample since they are above-canopy feeders and would thus be underestimated

i primary forest where the canopy is closed). Species which follow logging roads,
along open roads even within otherwise primary forest,

Nomenclature follows Welts (1985), with miner additions.

: and may thus occur
are marked with an asterisk (*}.

FF, arboreal faunivoreftrugivore;
rres! I AIF, arboreal insectivore/frugivore; IN, insectivore/nectarivore; T1,
terrestrial insectivore; BGL, bark-gleaning insectivore; FGI, foliage-gleaning insectivore; Sal, sallying

primary forest (P) and those made directly
— not observed; x, <0.5% of sample; xx,

Family pnd specics

Feeding CI3C CI3C

Feeding CI13C CI3C

guild (P} @) C5A ClA G2  Family and species muild (P} @) CSA Q1A <2
ACCIPITRIDAE Keipa ketupn x - - - X3
Avicada jondoni (Mig) R - % - - Glaucidium bradii {Mour) R x % - - -
Pmu puildariomens (Mig) R X - - - Ninox scatulara R x - - - -
Atpice risirguruy R oo™ X " X CAPRIMULGIDAR
A, palaris {Mig) T - P P
Butarnr indias (i) R x x _ _ _ urox_mpndm sestirinckii Swl xx = E x HEX
Spisaetus cirrharus R ~ _ % _ _ Capmnulgm.mdlﬂu {Migy Swl - - - - %
5 nanar R X _ X _ _ C. macrury Swl x - x - -
5. atbongger R ® x - x X APCDIDAE
Hisranerus kimerié R x ®  ox - = Collocatia sp. w1 p ¥ P » -
Tevinasrus mafayensis (Mont) R x - - - - Hirisiidapus piganiacs Swl P B - - -
Spitornis cheela S X = xw =@ xx H ok sl p P - - -
FALCONIDAR Raphidira fewcapygiakis Swl ¢ P » p p
Micrahirrax fringiliargu R 1z = o HEMIPROCNIDAE
Falo sp. R - - X - - Hemiprocne longipennis Swl 3 x=x X X3 =
PHASIANIDAE H. comata Swl x a mx o o
Rhicothera lorgivastris TIF x - - - TROGONIDAE
Arboropila charliomi TIF x - - - Harpactes hasumba FG1 = X - - -
Rotlulus roulnd TIF x - - - - H, diardii FGIT x x - X -
Polyplectron malacenss TIF X - - - x H. orchophacus FGI x - - - -
Argusianus orgus TIF k3 =3 XX xxx *x H dwenchi FG1 x x - xw x
COLUMEBIDAE H. oreskisg Fi1 x - - - -
Trevon curvirostra AF il xax - - X ALCEDINIDAE
T. olax AF % - - - - Aleedo ruryzona F X - - 3 -
T penans AF X x - % EXX Cepx enthacs TI £ L3 - - =
Pailinopus jambu AF x - - - —  Holoyon wnersia TI z - - - -
?:;,]u@:‘dmd,‘ - _}‘\_s: x xEx XXX XXX XXX Laceds puichefle I x X - - -
fin chinertsis - x - - -
Chadoophaps indiza TF x  x -  ox x  MERORDAB
Metaps fetchenanti (Mig) Sal s - - - -
PSITTACIDAE M. oiridis (Mig} Sal o omm ox xxx
Priracua longiumud AF - % - - - Nycryornis awricius Sal X x - x S
Priesimes cyanuras AF oY EXY XRX X
Lovicutur galpuhas AF A x x¢ x g CORACIODAR
Furystomus ovientalis Sal - x = - =
CUCULIDAE
Ciamawr cmomandas (Mig) ~ AIF -z - - - BUCERQTIDAE
Curtilus vigans FGI x _ - _ _ Berenicornis camarur FF x - - - x
. micraprerur FGi x xx - - wxg  Anorrhinus galesius FF AKX XXX DR XXX Kax
Ceeomantis sorneraui FGIL 1 x  x -~ Rhbytieros crgane i . -
& varilosar FGL x - - n 2 R ynehsfarnt FF o= SR < S 11 KX -3
Chiyopecyx. xantharhynchus FGI % _ _ - _ Anrﬁram: malayanus FF - - - X% R
Surmicudus lugubris FGI X x = _ _ sz_m; r_ﬁxmm: FF axx R X xRy =
Phocnicophasue diardi FGL x ok x = x 8 b e = -
P. rumotrams AIE 3 - - x x Rhineplax vigil FF oo SIS = E X
F3 :irbmphmu AIF .3 1 X X = CAPITONIDAE
F. jorvamicar ALF nx mi oxx x x Megafarma chrysopegon AIF = a0 o x *
P, aavrrorrris AIF x = % T oax M. rafflesii ATF x - - - -
Cemtropus seerunguil Tr x E ® - - M. mysiacophanes AIF x m X o xex
TYTONIDAE M. hanricii AF m ™ - xx @ x
Phoditus dadiue R - - - ¥ X A, australis AIP o xx - xx -
STRIGIDAE Calmhamphus fudiginoss AF  ox mx omx % -
Ons ruforcens R x - - - - PICIDAE
0. bakkamoena R x X X Sasiz abiermis BGI % - - - -
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7 ; Feclitg C33C_ CI3C
Feeding CL3C GIIC .
Family ané species e @ (). CSA CIA 2 Familyand specirs guld ) () CHA_ClA G
i S = -
Celeur brachymries BGI x - - — - S ol Mo -t = -
Pirus pamiceus BGI oo X = x X g :';ﬁﬁ}fm o = L : LA
i‘ ::::r‘z‘:u gg{ i : : :1 x Macronoue gularis 1;8} XX =X % x}x x_xs(
Sinopi i - T D ML pillons x - -
BGI x ! ] ) -
v pri el BGL 1 x  ~ m = Alippe brummeinouds ox e x o w
Musheripious puboerlestes BGI - - m - x  Yahioa cowhalenea FGI =
Dryocopus jaeensic BGI - - - - X TURDIDAR ) )
Picoides camicapifius B x -kt Era e (M s - -
Hemicireus concretss FGl % T X e ekt FGI m o mw ms m
Blyshigicus rasbiginosies BGI  m  x x m K g QL ws mx = m %
Renucrdtipious vabidus BA x oz ok - o e 1 T
EURYLAIMIDAE Eiuras ruficapitiis T iox oz oo
Corpdon sumasranis BT - x  x - 5 Eloceodi moom - - -
Cymbirkynchus macrorhynchas  FGI - - - - X Tardur nb{m!w (hig) o * - - -
Eurylatmus javanicks FGI x - - - - Zoothera citrina
E. ochromalics FGT x = X% x - SYLVIDAE )
Calypiomena viridis AF m x = = Gt , ;;g{ s - - -
Phytiascopus insrrans (Mig) : - - -
TTIDAE pus - - -
IP’I‘ tina T x - - = = P borealit (Mi) FGI  x x - -
e P. eovanatus (Mig) FG1 oE oo X
BIRUNDINIDAE Abrassopus superciliaris FGL ~ % - - -
Hivandn rustcn (Migh SELop B P T P Drthotemis sevioes Bl = x = X
CAMPEPHAGIDAE 0. airagularis FOl o = ow ww o
Hemipus pioatiss Sal x = - - 0, ruficeps FGI - x - -
H. hirumdinacnis Sal %% x - - - Prinia rufescenr® FGI x
Tephrodornis virgains Gl oo om % - MUSCICAPIDAE )
Coracinz fimbriaia AFx =t T By ambrasits 1 x o« - -
Prericrocotus diearicatus (Migy  FGI z - = - T pcieapa siirica (Mig) Sal x ~ _ : _
P. cinnamaiets FGL ot = =t T A jostris S g mm % x
P. flammeus Fii1 ox E XX x A% ur el i) sa * _ - - -
ABGITHRNIDAE . ferruginea (Mig) s - ox - -
Aegithing viridissima FGI  x  x x o  x  Humyiss halasin S % ox -
A afresmayei FG1 x % - - = Feddo magimaki (Mig} sox a2 - - -
C'Mmp;&imapagm A x x X ¥ F solitaris (Momt) g:i oot - -
i ; wx - - E dumeteria _ - - -
g Z:ﬁmmuﬁ Aﬂg ﬁ ::x E=3 WX EXK C)ana?lita _;yaumm.’am (Mig) Sa.l 13 : - - -
Trena priefla AF  ax  mm me mx oy Cyonns il Sal x - -
Culicionpis cesionnsic Sl om@ x -
PYCNONOTIDAE e o L Tz
Pyencnonus melanoleicos ATF X - 5 - - Teypothyms czurea Sat S - x %
F. atriceps ME - x - = = Pluoma velm Sal % x x
. squeomirss AP x X ER = = b upteram s o x o1 X -
P. qaniuentris AIF = x oM XX oo poradii s m - - om om
. etierszs AMF x - 1 - = i "
7. goiavier* AP - a2 o= - - ﬁo r?;;n'_r_m’ - e .
i HRX loracilla cirerea
1‘:. Jmmpiexnw g :; :u $ : o Dendronarwhus indicus Ti % - - - -
P, erpbrophibabzes AF  x x - mx W™ panmag i
Criniger fonschil AF =2 = E T X i aviteres (Mg} Fal - s -
G ochraceas AP mx o )X L cgrin (Mig FGI x x - x
Y AF = x = 1 M
G phasocephotis AF s = - = - STURMIDAR ar o
Hypsiperet crini AP wx  x % ww mx Aplonis panayemis x o
H”ciarluum o AIF - - x - - Craale religiosa AR z XXX EXE «©
H. malacersis AF = = m om= MECTARTHIDAE i
DICRURIDAB Anthrepies simples N = o oz om -
Dieranus aemectans {Mig) FGi ® - - - - A rfrudntaema g :x N ) .
D. amens FG1 X Xk x xex  xxx A siagalensis ) x : x
D: retisens FGT F- TR WX xx Hypogromma hypogrammicion IN =3 X o -
e Arthepyga sipavaja” m oz - - -
ORIOLIDAE A, mystacatts N - - s -
Orizlss zanthorsotis FGL = % W T ekahera fugiosa Noox om o= om
CORVIDAE A, crassiroreris ™ - xoo= - s
Fiatylophns galerinilats FGIL x = - xm w8 A e O
Pamwalcpins L L mom oz agm Noyoros oL
Corotis ensa - X pood .
DICARIDAE
PARIDAE CARII ] o
Helaachlora sultanza O x o x o m - x Pkeehi o I -
SITTAE — — P Lty AF X X - - -
Sitta franealis BGI x% E X Dinen wigemastigna AR . ? - :
TIMALIIDAE D, concolor AF x - -
Pelforneum copiseratun T x - - - - ZOSTEROPIDAE
??ﬂti?w m . -ll:-él z x, : x_ " Zosreraps everetti ALF - UK - -
" biew
T. sepiarian T x = - - -~ ESTRILDIDAE _ . . B -
Malacopieror magniraste Gl Iz K% = o 2 Lanchura fewcogasera AF
foroo= o - ; o W s 103 B 8
" ':,’?:’m POl o = wx  x  Toul usber of species oberv
M. magmem FAL - o omx 7 MY oul agmber of individuds g4 1am 1e0 s Tl
Pomatorkings montanis FGI x% k3 - x : Towl numbher of indavidualy =~ 77 Sy o o ————
Kenapia strinta I = - -
Napothera wacrodacisle Tt x - -
Stachyris poliocephal Gl oz = - - -
5. feacoris ox - - = -






