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Summary

1. Background

The current rate of biodiversity losas a result ofclimate change, habitat
fragmentation and land use change a source of concerto many people,
conservation organizations and governments. Logging and agricultural expansion are
important drivers of land use change (i.e. forest conversion) and thus the loss of
biodiversity in the tropics. At the species level, the degree of gty loss
depends on the completeness of the conversion and on the intensity of land use after
conversion.Species show highly specific responses to habitat conversion depending
on their functional @its. Many studies and reviewswve examined the resmpe of
certain species and species groups to tropical primary forest conversion, but a
guantitative review to analyze the effect of conversion of relatively undisturbed
primary tropical forest into other types of land_use on species diversity was not yet
done.As an index for impact on biodiversity vilaveusel the relative mean species
abundance (MSA)The MSA is the average response to a disturbance of a set of
species belonging to an ecosystdinhas been developed as a readily interpreted
indicator tomonitor trends in species abundanicea way that is suitable to track
biodiversity policy goals

2. Objectives

The main objective of this review is t@nalyzethe effect on biodiversity when
primary undisturbedropical forest is convertedr degradednto other types of land

use The secondary objectives are to quantify the effect of land use type on
biodiversity, to analyze the response different speciesgroups whenprimary
undisturbed tropical forest is convertaddegradednto other types of lad use and to
analyze the relation between MSA and forest age.

3. Methods

To quantitatively study the effect of primary forest conversion on biodiversity, we
analyzed the MSA values in various land use types and distinguished between several
species grups by using a mefanalytical approachWe collected articles mainly

from academic databases and included those that fulfilled our inclusion criteria. The
selected articles were screened for available data in order to calculate MI&SA.
analyses were p®rmed over all data and over subsets of the data, using Splus 8.1
(and R2.10.1 software). Heterogeneity was assessed by Forest plots and formal tests.
Publication bias was also assessed, using Funnel plots with formal tests.

4. Main results

This isa draft reviewfor consultationAdditional work is in progress. Please do not
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Over 500references studies contained relevant titles and abstracts and some 200 were
reviewed in full. Of theseB2 studies were found that fulfilled our selection criteria

The majority of these studies were published in pe@ewed journals. A few others
canbe considered as Ogrey |I|literatured.
representedFrom the 82 studies, 105 datasets were extracted (a study could contain
more than one dataset if multiple species groups were studied or if datasets came from

two separate locations).

We have shown that there is an effect of primary forest conversion on biodiversity
intactness. This effect differs per lante type and per species grougorest
biodiversity, expressed as MSA, tended to be lower in pastures, agattikids and

crop fields than in selectively logged forests, secondary forests, wood plantations and
agroforests as compared to the primary foregtbundance shifts of species after
habitat conversionary per land use type amelate to their life histy traits In this
review we have shown that the intactness of the original species pool dedfeases
primary forest is converted into other types of land heemany factors play a role in

the magnitude andirectionof the impact and therefore we camnmuantify the effect

of land use type per se. We discustieel potential impact ofand use history, time
since forest conversion, proximity to primary forest, the diversity in the reference

forest, speciespedfic responses and methodological issuesA3A.

5. Conclusions

The impact orbiodiversity, expressed as MSA, tend to be lowalimand use types,
including selectively logged forests. MSA iragiures, and crégnds tended to be
lower than in selectively logged forests, secondary forests,dwmantations and
agroforests The impact of land use depends on‘the species group considered. Birds
and mammals seem less affected than heifaetoa and plants. The MSprovide
information about the presence and abundance of species in a disturbelad e to

an undisturbed site and could therefore be seeniatmetness or similarityndex

which makes it interpretable for policy makers.

Main Text

1. Background

The current rate of biodiversity loss is a source of concern to many people,
consenration orgaizations and governmen(®)NEP 2002) Recent assessments on
global biodiversity confirm that several driving forces, including climate change,
habitat fragmentation and land use change cause rapid declines in biodiversity at

levels of ecosystemspecies and gen@gEA 2005 CBD 200§.

Logging and agricultural expansion are important drivers of land use change
(i.e. forest conversiorgnd thus the loss of biodiversity in the tropiSsla et al. 2000;
Wright 2005) Tropical primary forests typatly harbour many floral and faunal
species(Singh and Sharma 2009 and references ther&@hpnges in its habitat
dynamics, such as complete or partial removal of vegetation, fragmentation and soll
disruption affect species occurrences and abundaifues et al. 200Q) It causes
many species to decline in abundance or to disappear from the area and it leads to an
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increasing number of species that are threatened by extir{B@othlott et al. 2001;
Castelletta et al. 2000; Pullin 2002; Raman 2001; Rafredad van Schaik 20Q1)

Studies by Majer and Beest¢h996, Australiapnd Scholes and Bigg2005,
Southern Africa)show that the degree of species loss, among others in forests,
depends on the completeness of the conversion and on the intensity o$éaafier
conversion. Conversion into urban areas, pastures or agricultural fields often entails a
complete removal of the original vegetation and high management intensity thereatfter,
while secondary forests, wood plantations and agroforests mightrstildp habitats
for certain forest specigBhagwat et al. 2008; Donald 2004; Lawton et al. 1998;
Scales and Marsden 200&ven though it has been argued that the abundance of rare,
threatened and forest specialist species in these ecosystems is uswaltdir
species richness might be equal to or higher than that of neighbouring(fadedtD e a
and Whittaker 2007)

Species show highly specific responses to habitat conversion depending on
their functional traits(Scales and Marsden 2008Ylany studies rad reviews(see
Bhagwat et al. 2008; Koh 2007; Nichols et al. 2007; Scales and Marsden 2008; Sodhi
et al. 2009 and references herdiaye examined the response of certain species and
species groups to tropical primary forest conversion, but a quantitaiuew
covering all species and all types of land use has not yet been done.-In this review we
analyzethe effect of conversion of relatively undisturbed primary tropical forest into
other types of land use @pecies diversity. We focus on biodiversitytlae species
level since this is most studiddiformationon species diversity in relation to land use
Is essential to assess humaduced changes in biodiversity, in the past, present, and
future at regional and global scales. It isimportant for dlshalies thatttempt to
determine the impact of certain policy measures. on biodive(S®D 2006;
Alkemade et al. 2009)

As an index for impact on biodiversity we will use the relative mean species
abundance (MSA)The MSA is the average response taigturbance of a set of
species belonging to an ecosystdinhas been developed as a readily interpreted
indicator to monitortrends in species abundanicea way that is suitable to track
biodiversity policy goals(Alkemade et al. 2009; Benitdopez etal. 2010) The
MSA quantifies the difference in species composition between two samples, including
both< species presence and species abundance. One sample is a reference and
represents. the undisturbed condition of a certain habitat; the other a disturbed o
converted condition. Only species present in the reference sample contribute to the
calculation of the MSA. The MSA is often used by the Netherlands Environmental
Assessment Agency (PBL) in global biodiversity scenario modelling studies
(Alkemade et al2009) It is related to the Biodiversity Intactness Ind&choles and
Biggs 2005)and the Biodiversity Integrity IndefViajer and Beeston 199@)nd can
be considered as a proxy for the Convention on Biological Diversity (CBD) indicator
on trends in specseabundanc8JNEP 2004)

To quantitatively study the effect of primary forest conversion on biodiversity,
we will analyze MSA values in various land use types and distinguish between several
species groups by using a metaalytical approacfArngvist andWooster 1995)We
expectflora and faunanhabiting converted land use types without tree cover to be
less intact than land use types with some tree cover remaining, as compared to an
undisturbed situation. We explore reasons for the heterogeneity fouhd data for
which purpose we will focus mainly on plants in secondary forests as an example.

This isa draft reviewfor consultationAdditional work is in progress. Please do not
quote this document or any part therein without prior consfethie authors. 5



196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211

212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244

2. Objectives
2.1  Primary objective

The primary objective was to analythee effect on biodiversitgf primary
undisturbedropical foresiconversioror degadation iro other types of land use

2.2  Secondary objective

The secondary objective was to quantify the effect of land use type on biodiversity

and to analyze the response different speciesgroups whenprimary undisturbed
tropical forest is convéed or degradednto other types of land use. To explain

heterogeneity in the data we analyzed the relation between-MSA and secondary forest

age.

3. Methods

3.1 Question formulation

The Netherlands Environmental Assessment Agency (PBL) identifiedetrge for an

impartial and independent systematic review to be undertaken to evaluate the impact

of primary tropical forest conversion on biodiversitys its intention tasubsequently
implement theesults of this review ithe GLOBIO3 model, which is wed to monitor

the biodiversity loss at global, regional and national level at current state and for

possible futue scenariogand policy optiongAlkemade et al. 2009)

3.2 Search strategy

Several electronic databases were searched for relevant publisdess,samong

which were ISI' Web of Science and Scopus. Google Scholar was also used, mainly

with the aim to search for 6greybo

i terat

Utrecht University and Tropenbos International (all in the Netherlands) were esgarch
for relevant international Msc or PhD theses. The following search strings were used:

[species] AND [tropic*] AND [primary forest OR mature forest OR intact forest OR
old growth forest OR' virgin forest OR pristine forest] AND [conversion OR
degradatiorOR land use OR habitat type OR agdpoestry OR secondary forest OR

plantation OR cropland OR urban area] AND [diversity OR biodiversity OR richness
OR abundance]. Variation in spelling of search terms was checked. All returned hits
from the academic databes were checked for relevance. For returns from web search

engines, only the first 100 hits were checked.
3.3  Study inclusion criteria

Below we list the study inclusion criteria:
o Relevant subject(s)floral and faunal speciessemblages

o Types of intervention: conversionor degradatiorof relatively undisturbed

tropical forest into other types of land use
o Types of comparator:relatively undisturbed tropical forest
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o Types of outcome:changen species richness, species abundamzkspecies
diversity

o Types of study: all primary studies that report on the effect apecies
presence and abundangben undisturbed tropical forest is convertedlegraded

3.4  Study quality assessment

Ideally a study included a undisturbed primary tropical forest as eenefe to which
species abundance in other types of land use was compared. A table with individuals
counts per species in the undisturbed reference and in other types of land use within
the same area was most suitable to calculate MBAhd absence ofuch tables,
suitable graphs and other figures wersedto determine if they could provide
information to calculate MSA.

Studies differed in the type and number of species or species groups studied, and in
the spatial and temporal scales that are covemmupting design and techniqualso

varied among the studies bwe included all studies if they fulfilled the inclusion
criteria. We reordedthe type and number of species studied, the location, the type of
primary forest, the size and number of plot® thpetition of measurements and the
sampling technique. These study characteristics were discussed as sources of
heterogeneity in the data.

35 Data extraction

Studies that included an undisturbed primary tropical forest as a reference (the
comparator}o which species abundance in other types of land use was compared, and
that contained primary, quantitative data, were suitable for the review. Most ideal

were tables with individual counts per species occurring in different land use types. In
absence ofuch tables, graphs and other figures were studied to determine if they

could provide information to calculate MSA.

3.6 Data synthesis

To assess changes in biodiversity as a result of forest conversion, we calculate MSA
as an impact indicatgBox 1) (Alkemale et al 2009)It does not only account for the
presence or absence of primary forest species but also the change in abundance of
each species. The index is calculated as the average of the ratios between the
abundance of each species, recorded as densitybers or relative cover found in a
particular land use type by its abundance in undisturbed vegetation. Ratios over 1 are
truncated at 1. Per study the MSA values are averaged per species group. Species not
present in the undisturbed vegetation areti@ui If standard errors or variances of
mean species abundances were not provided in the article (which was the case in
almost all studies), we calculated variances assuming the data showed a Poisson
distribution(BenitezLopez et al. 2010; Sokal and Rbhb81)

This isa draft reviewfor consultationAdditional work is in progress. Please do not
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Box1. Effectsize calculation: Mean Species Abundance

For each study, individual effect sizes were calculated as the ratio between the

abundance of each speciefound in land use categoryand the abundance of the
same speciesyundst ur bed, i p asirepartedyir thef study .elisdividual

effect sizes were aggregated for each stugbulting in an estimate of the mean

species abundance (MSA), which is the metric of effect size for theanalgsis (se¢

eq. 1)

Z I%sx
MSA, = —— (1)
NS

WhereMSA« is the relative mean species abundance estimated in staaly land
use category; Risx is the ratio between the density of specigsland use categony
and the abundance or density of specigsprimary forestp, calculated asAis/Aisp

for Aisp > 0.Ns is the number of species considered in stdyor species withigher
densitiesor abundance in a specific land use catetjoanin primary foresttheMSA

value wascappedat 1; therefore, ifAisx > Aisp, thenRisx= 1. MSA values ranged fron
Otol

The variance of the MSA value fdand use typeand study was estimated by

calculating the variance based on aninternal eR)qiMood et al., 1973).
The variance based on an internal error was calculated as:

VI @
£

int

w h e r’gyis Ghe idividual variance for each ratio, whistas calculated by using

174

—

the Delta Method J), a firstorder approximation of the variance of a ratio of two

random variables (Oehlert, 1992; Winzer, 2000).

2 . .
2 _ Azx AEX + Asp _ 2'0 GASX GASD
Rsx = A2 2 2
Asp Ory  9ag Asc: Asp

In this equatiorti®ais andeZAisp are the varianseof Aisx andAisp, respectively, ang

o (3)

their correlation coefficient. We assunfgsx and Aisp to be independent and,
therefore, the correlation coefficignto be zeroAs a minority of the studies reported

variances ofAisx and A;sp we assumed for alltadiesthe data to follow a Poissa
distribution, in whichu = & and, thereforeAisx = B%ais, andAisp = 0aisp (Sokal and
Rohlf, 1982

Finally, for studies in which some species had zero denshigs=0), a continuity
correction factorK=1/2) wasadded to the numerator and denominator of the rat
each species (also for those with densities larger than zero), resulting in g
higher variance estimates (Cox, 1970; Sweeting et al., 2004).

n

o of
lightly

MSA is presented per land use type for all specresigs combined and for each
species group separatelihe land use types that were studied in the papers were

This isa draft reviewfor consultationAdditional work is in progress. Please do not
quote this document or any part therein without prior consfethie authors. 8



344 categorized into &lasses after Alkemade et @009) primary forest, selectively

345 logged forest, secondary forest, pastures, wood plantatiomfaest, croplandsand

346 perennial tree crop (for a more elaborate description see Table 1). The species groups
347 are: birds, mammals, invertebrates, herpetofauna and (jédtes Scholes and Biggs

348 2005 with the addition of invertebrates)

349

350

This isa draft reviewfor consultationAdditional work is in progress. Please do not
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351 Table 1 Desciption of land use types

352
Land use type Description
Primary forest Forests which have been minimally
disturbed, where flora and fauna
species abundance are (near) pristi
Selectively logged Forest in which selective logging ha:
forest occurred or stilbccurs; primary
vegetation structure remains intact
Secondary forest Areas originally covered with forest
or woodlands, where vegetation has
been removed and where forest is
growing
Pastures Grasslands managed for livestock
grazing
Wood plantations Planted forests with native or exotic
species or a mixture of these, for
timber production
Agroforests Agricultural production intercropped
with (native) trees
Croplands Areas under cultivation of annual
crops
Perennial tree crop Fields planted solely \h perennial
crops such as citrus, coffee, cocoa ¢
353
354
355 3.7 Dataanalysis
356

357 Metaanalyses were performefbr all data andseparately for mamms| bird,

358 herpetofauna, plant and invertebrateidies by using th&plus 8.1 (andR 210.1

359 softwarg. A random efiects metaanalysis was done to derive a pooled effect size for
360 all datsets allowing pseudoreplicatioAdditionally, metaanalyses were done per
361 land use categomgyontaining norduplicated independent datasets.

362

363 Heterogeneity was assessed by inspectidnForest plots and formal tests of
364 heterogeneity Q and2l(Thompson and Sharp 1999). Publication bias was also
365 assessed using Funnel plots of asymmetry along with formal tests (Egger et al, 1997)
366

367 To explore factors introducing heterogeneity we builtesalvLinearMixed Models

368 (LMM), accounting for several alternative nested ecological hypotheses that included
369 the following a priori selected explanatory variablesid use type, continent, and

This isa draft reviewfor consultationAdditional work is in progress. Please do not
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383

taxon in the case of using all dat&lodels were compared drselected by means of

i nformation theoretic criteria,

necl

weights. The model selected was that minimising the loss of KuHlbeutiter

information.

Additionally General Linear Mixed Models were built fdatafrom forest regrowth
studies examine differences in the relationshippetween MSA andfears of

regeneratiorior differenttaxa.

All GLMM were built in SPlus8.1 and fit by restricted penaés quasiikelihood

(Pinheiro and Bates, 2000). Each MSA waluas weighed by its variance. Study was
introduced as random effect since we expected similar but not identical effantiof

use typeacross studies.
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4. Results
4.1 Review statistics

Over 500 referencestudies contained relevant titles and abssracd some 200 were
reviewed in full Of these82 studies were found that fulfilled our selection criteria
The majority of these studies were published in peelewed journals. A few others
can be considered as 6gr eyall tontiheats wereur e 6 .
represented, although almost 55% of the studierefrom SouthAmerica, with 40%

of these from Brazil (especially the Amazon). A large proportion of the Asian studies,
almost 43% were from Malaysia(Table 2).Appendix A shows an oveiew of all

studies selected and gives additional data of the study locations and sampling methods
used.

Table 2 Overview of location of studies

Continent # studies Countries (# studies)

Australia 4 Australia (2), Samoa (1), Papua New Guinee
1)

South 45 Brazil (18), Mexico (6), Costa Rica (6),

America Ecuador (3), Peru (3), Venezuela (2),

Dominican Republic (2), Bolivia (1), French
Guiana (1), Guyana (1), Guatemala (1), Puel
Rico (1)

Asia 21 Malaysia (9), Indonesia (4), India (4), Thailar
(1), Vietnam (1), China (1), Philippines (1)

Africa 12 Uganda (3), Cameroon (2), Madagascar (2),
Kenya (2);;DemRep. of Congo (2), Guinea (1

Total 82

From the 82 studies, 105 datasets were extracted (a study could contain more than one
dataset if multiple gecies groups were studied or if datasets came from two separate
locations). Invertebrates and mammals were the most studied species (almost 28 and
26% respectively). In the group of plants, more than a third of the studies were on
trees (Table 3).

This isa draft reviewfor consultationAdditional work is in progress. Please do not
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Table 3 Overview of speciegroups studied

Species group # datasets Species (# datasets)

Herpetofauna 16 Various amphibians (5), lizards (5), frogs (-
shakes (2), turtles (1), various reptiles (1)

Birds 20 not further specified

Plants 14 Trees (10), herbaoes plants (2), liverworts
(1), other bryophytes (1)

Invertebrates 29 Beetles (10), butterflies (7), ants (7), spidet
(2), moths (1), aquatic insects«(1), crustace
1)

Mammals 26 Various mammals (14), bats (8), rodents (Z
primates (1), ungulates (1)

Total 105

4.2 Results of the metaanalysis

The pooled effect size derived from an@almpassing metanalysis of MSA values

for all species, indicated that species abundance declined with forest conversion
(MSA=0.4144, p<0.0001). The heterogenestyhigh (Q=8085.73, p<0.0001* = 96

%) and is largely explained by the different land uses and taxa used in this analyses
(table 4). This is confirmed by a analysing models-that explain difference of effect
sites among land use types, taxa and contingabde 5). A model including the
different taxa and land use typé&srns outto be the most parsimonious model
explaining differences of effect sif8kaike weight 0.96)The continent from which

the study seem to be less important to explain differdpewgeen effect sizes.

Publication bias within the dataset is high, if viewing thecathpassing analysis
(Egger test= 4.067, p<0.0001), but is much lower if the analysis is performed for each
taxon and land use type separatélgble 4)

The failsafe nmber indicated that a considerably large number of studies reporting
neutral or positive effects of forest conversion on species abundance would be needed
to overturn these results. Therefore even with some publication bias, the results for
species abundarm can be considered a reliable estimate of the true effect.

The pooled effect sizes calculated per land use type for independent datasets were
significant for all species groups considered (tableH).BHeterogeneityisually

checked in forest plots (s@ppendix B) andxpressed as Q antvalues vaslow and
nonsignificantfor almost every landise type and species group combinatiexsept

for birds and for secondary forests. For secondary forest we performed a separate
analysis (see paragraph 4.4).

Publication bias visually checked using funnel plots (see appendix B) andhtested
the Egger test showed minimal bias for most species grtam use type
combinations (table 4B)

This isa draft reviewfor consultationAdditional work is in progress. Please do not
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441 Table 4Meta-analysis for species groups in different land usesyp

442

443 Table 4 A All species
Land use type N Effect size SE Pval CL(Ib) CL(ub) Q P(Q) "2 Egger's P(t) Fail-safe

(MSA) (%) test Egger N
intercept

All land use types | 230 0.4144 0.017 <.0001 0.381 0.4478 8085:7 <0.0001 96 4.06706 < 2el6 1813547
selective bgging 23 0.6748 0.0276 <.0001 0.6206 0.7289 57.6. <0.0001 67 0.07347 0.879 3719
secondary forest 117 0.4421 0.0228 <.0001 0.3975 0.4868 <1730:5 < 0.0001 92 1.67508 0.00262 279402
Pasture 15 0.1948 0.0568 0.0006 0.0836 0.306 89.2 <0.0001 89.7 2.30947 0.044 15134
Wood plantation 28 0.2907 0.043 <.0001 0.2065 0.3749 . 292.9 < 0.0001 93.9 2.79172 0.0244 43442
Agroforestry 19 0.5497 0.0455 <.0001 0.4605 0.639 125.8 <0.0001 88 0.7702 0.612 5646
Croplands 9 0.158 0.0439 0.0003 0.0719 0.2442 67.5 <0.0001 82.9 2.692996 0.00274 37553
Perrennial tree cropy 19 0.2787 0.0445 <.0001 0.1914 0.366 131.6 < 0.0001 92.1 3.81687 0.0005 24398

444

445 Table 4 B: Birds
Land use type N Effect isze SE pval CL(Ib) "CL(ub) Q P(Q) "2 Egger's P(t) Fail-sefe

(MSA) (%) test Egger N
intercept
All land use types 47 0.4572 0.036° <.0001 0.3867 0.5277 1031.2 <0.0001 94.8 6.45467 0.00010 80839
7

secondary forest 22 0.5692 0.0377 <.0001 0.4953 0.6431 199.1 <0.0001 83.2 2.255 0.17464 6469
Wood plantation 6 0.434 _0.1257 0.0006 0.1875 0.6804 1838 < 0.0001 97.4 12.6751 0.00239 2493
Agroforestry 7 0.5783  0.0759 <.0001 0.4296 0.7271 65.2 <0.0001 92.4 -2.5461 0.6948 989
Croplands 3 0.1915 0.0365 <.0001 0.12 0.263 3.3 0.19 404 0.2499 0.986 917
Perrennial tree cropy 7 0.1934 0.0378 <.0001 0.1192 0.2675 27.9 <0.0001 82.3 8.0452 0.0322 6835

446

447

448

449

450

451

452
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453
454 Table 4 C: herpetofauna (reptiles and ampbibians)

Land use type N Effect isze SE pval CL(Ib) CL(ub) Q P(Q) "2 Egger's P(t) Fail-safe
(MSA) (%) test Egger N
intercept

All land use types 33 0.3344 0.038 <.0001 0.2598 0.409 143.1 <0.0001 76.4 1.2107 0.2398 16165
selective logging 3 0.5468 0.0624 <.0001 0.4244 0.6691 2.22 0.33 13.7 7.538 0.221 63
secondary forest 13 0.4041 0.0583 <.0001 0.2898 0.5184 _43.28 .<0.0001 71.4 -1.0184 0.50798 1755
Pasture 5 0.1627 0.0817 0.0463 0.0027 0.3228 9.14 0.058 * 57.6 1.0304 0.54 518
Wood plantation 6 0.1966 0.0361 <.0001 0.1259 0.2673 2.32 0.8 0. 0.008456  0.994 1002
Perrennial tree cropy 3 0.2996 0.0694 <.0001 0.1635 04357 2.6 0.27 199 -0.3137 0.938 141

455

456 Table 4 D:Insects and other invertebrates
Land use type N Effectisze SE pval CL(Ib) CL(ub) Q P(Q) "2 Egger's P(t) Fail -safe

(MSA) (%) test Egger N
intercept
All land use types 68 0.3769 0.0315 <.0001 0.3151 ' 0.4388 1498.5 <0.0001 95.59 3.92828 4.51E 42012
06

sdective logging 5 0.6972 0.0472 .<.0001 0.6046 0.7898 5.4 0.2464 40.19 -1.0155 0.3084 847
secondary forest 37 0.4294 0.0462 <.0001 0.3389 0.5199 589.7 <0.0001 94.07 3.16189 0.00302 12011
Pasture 8 0.2662 0.0901 = 0.0031 ' 0.0897 0.4427 75.2 <.0001 91.15 3.26585 0.01 6062
Wood plantation 9 0.2545 0.0428 <.0001 0.1705._ 0.3385 61.4 <.0001 89.73 3.97665 0.183 10030
Agroforestry 3 0.4138. 0.0678. <.0001 0.2809  0.5467 5.8 0.0559 67.74 -8.45634 0.00865 258
Perrennial tree cropy 4 0.161 0.0522 0.0021 0.0586 0.2634 15.4 0.0015 80.58 3.12118 0.289 2605

457

458

459

460

461

462

463

464

465
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466
467 Table 4 E: mammals

Land use type N Effect isze SE pval CL(Ib) CL(ub) Q P(Q) "2 Egger's P(t) Fail-safe
(MSA) (%) test Egger N
intercept
All land use types 55 0.5246 0.0379 <.0001 0.4503 0.5989 331.63 <.0001 79.93 -0.03037 9.67E 18127
01
selective logging 9 0.7891 0.0465 <.0001 0.698 0.8803 8.6206 0.3753 . 27.29 -0.5889 0.346 1375
secondary forest 28 0.4796 0.0489 <.0001 0.3838 0.5754 103.2 <.0001  72.25 1.31093 0.0851 3294
Wood plantation 7 0.2961 0.1244 00173 0.0523 0.5399 43.899 <.0001 87.49 5.3741 0.3 700
Agroforestry 4 0.7262 0.0751 <.0001 0.5791 0.:873 . 2.8647 0.413 10.93 2.8841 0.289 16
Perrennial tree cropy 5 0.5725 0.0873 <.0001 0.4015 0.7435  9.4058 '0.0517 57.83 -1.8812  0.5093 105
468
469 Table 4 F: plants species
Land use type N Effect SE pval CL(Ib) CL(ub) ~— Q P(Q) "2 Egger's P(t) Fail-safe
size (%) test Egger N
(MSA) intercept
All land use types 27 0.3381 0.0432 <.0001 0.2533 0.4228 3755.1 <.0001 98.38 6.63637 1.50E 17515
02
selectivelogging 5 0.6256 0.0278 <.0001 0.5711 0.68 6.7 0.15 441 -1.03395 0.296 2614
secondary forest 17 0.2886 0.0452 <.0001 0.2 0.3773 566.1 <.0001 94.76 -1.25293 0.59908 4289
Agroforestry 3 0.4024 0:0995 <.0001 0.2074  0.5974 14.2 0.0008 90.36 -3.499 0.685 436
470
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Table 5: Models expressing differences in MSA explained by differences in Taxa, land use
type and continent

Model AIC K n delta wi
AIC

Land use + Taxon + Continent 293.97 15 230 14.28 0.00
Land use + Taxon 279.69 11 230 0 0.96
Land use + Contirr 301.22 11 230 21.53 0.00
Land use 286.23 7 230 6.54 0.04
Taxon + Continent 902.84 9 230 623.15 0.00
Taxon 887.81 5 230 608.12 0.00
Continent 913.41 5 230 633.72 0.00

AIC = Akaike information criterion

K = no. of estimable parameters (level in lars# types, taxa'and continents)

N = number of data points

Delta AIC = difference between AIC and the lowest AIC in the series of models
Wi = Akaike weight

4.3 Effect size per land use type and per species group

The effect size KSA) for each land use pe was calculated for all species groups
combined (thus including all datasets) and for each species group sepdiabédy (

4). Overall MSA values showed large variatiddonsidering all species groups
MSA was below 1 in all land use types<(Q.01) excep of course for the primary
forest the MSA of which was defined as(Table 4 A. Birds showed relatively

high MSA in secondary forests, wood plantations and-&gests, compared to the
agricultural and crop fields but MSA was significantly lower than all land use
types (p<0.001)Table 4 B.MSA tended to be lower in pastures, agricultural and
crop fields than in selectively logged forests, secondary forests, wood plantations
and agreforests. Among species groups, MSA of herpetofauna was lowel timan
all'land use types in which they were studied (pSp.0able 4 §. MSA of
invertebrates was lower than 1 in all studied land use types (p<0.001), except in the
selectively logged forestTa@ble 4 D. Mammals have a relatively low MSA in
wood plantatbns and a relatively high MSA in selectively logged foresis agre
forestswith other land use types showing intermediate MSA valtliablé 4 B but

MSA was significantly lower than 1 in all land use types (p<0.05). Plants show a
relativdy low MSA in seondary forests animitermediatevalues in the selectively
logged forest and agtiorests Table 4 F.

4.4 results of the metaanalysis for regenerating forest
As shown in table 4 a high heterogeneity is found in all species groups for
secondary forestsQ-valuesrange from43 for Herpetofauna to 590 for plant

species.

The years of regeneration is a major factor to explain this variation, as shown in
table 6, where the model using the regeneration time only is the most parsimonious
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510 model, across taxand continentskFigure 1 shows the a fitted model of MSA of

511 regenerating forests over time, using a logistic regression miat#e 7 shows the
512 fitted model for each species group.

513

514

515

516 Table 6Models expressing different hypothesis on the influence ohtacantinent, regeneration
517 year on MSA of species. (regyear = regeneration time since logging or abandonment), see table 5
518 for explanation of coefficients

Models for secondary forests AlC K N delta wi

AIC
Taxon + Continent + regyear + Taxon * regyeall 117.92 18 94 99.82 0.00
Continent * regyear
Taxon + Continent + regyear + Taxon * regyeall 81.96 14 94 63.86 0.00
Taxon + regyear + Taxon * regyear 68.83 10 94 50.73 0.00
Taxon + regyear 28.15 6 94 10.05 0.01
Taxon 60.88 5 94 42.78 0.00
Taxon + Contient + regyear + Continent * 79.2 14 94 61.1 0.00
regyear
Continent + regyear + Continent * regyear 72.95 10 94 54.85 0.00
Continent + regyear 45.44 6 94 27.34 0.00
Continent 61.78 5 94  43.68 0.00
regyear 18.1 2 94 0 0.99

519
520 Table 7: Univariate metaregression coefficients for the relationship between MSA and
521 regeneration time for the different species groups

Intercept b k n K p value
all species -0.736 0.029 56 94 4| 0.0001
plants -1.988 0.047 8 16 4| 0.0125
birds 0.237 0.007 15 21 4| 0.5293
mammas -0.367 0.031 15 26 4| 0.0546
herpetofauna no convergence
insects and other invertebrates -1.22 | 0.034 14 24 4| 0.0029
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Figure 1: Logistic regression between MSA of all species groups and the regeneration of
tropical forests after logging or abandoment. Open dots represents the MSA value for each
study and eror bar represents 1 s.e.

45 Outcome of the review

We have shown that there is an effect of primary forest conversion on biodiversity
intactnesexpressed as the effect size measure M3¥s effect differs per land use

type and per species groups. MSA values in secondary forests were variable and
increased with theegeneration ofheseforess.

5. Discussion
5. 1Biodiversity loss due to forest conversion

The impact onbiodiversity, eyxressed as MSA, tended to be lower in pastures,
agricultural fields and crop fields than in selectively logged forests, secondary forests,
wood plantations and agroforests. This is not surprising since the presence and abundance
of primary forest species iconverted habitats depend among others on the completeness
of the forest conversion and on the intensity of land use after convéiaar and
Beeston 1996; Scholes and Biggs 20@)nversion of forest into pastures, agricultural
and crop fields entls the complete removal of the original vegetation and sometimes
soil, the use of pesticides, a change in soil quality, simplification of the canopy and a high
management intensitBhagwat et al. 2008; Donald 2004; Scales and Marsden 2008;
Schroth and Haey 2007) whereas in other land use types that entail a less complete
conversion, habitats for certain species rem@wonald 2004; Lawton et al. 1998)
Especially in selectively logged forests where a portion of the primary forest remains,
MSA was relatvely high.
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5.2 Species responses

Species groups showed different responses to forest conversion. Abundance shifts of

species after habitat conversion relate to their life history traits, such as growth strategy
(of plants), geographical range/rarityrasum used, diet, the degree of specialism and
migration/dispersal methg@cales and Marsden 2008he plant studies included in our

review found growth strategy (pioneer versus climax) and seed dispersal method to affect

the presence and abundancelahpspecies in a specific land use tybepes et al. 2009;
Marin-Spiotta et al. 2007; Mwavu and Witkowski 2009; N'Dja et al. 2008; Piotto et al.
2009; Ramadhanil and Setiadi 2008; Van Gemerden et al..2008)s also often found

that the presence andumndance of rare, endemic or forest specialist species was
relatively low in converted habitats while species richness might be high. This goes for
floral as well as faunal speci¢® name a few: Dolia et al. 2008; Farwig et al. 2008;
Gardner et al. 20081awes et al . 20009; O6 De aandhima Whi t t ¢
common effect of primary forest conversion. Even though they are highly mobile, birds
appeared to be negatively affected in open habitats. This is reflected in the low MSA in
agricultural anccrop fields. In the other habitats, bird MSA is relatively high. Terrestrial

and understory bird species often occupy habitats like secondary forest, wood plantation

and agroforests, since these provide some understory vegdiatoges et al. 2007;
Harvy and Gonz8lez. . Villalobos 2007;
MSA of invertebrates, which includes spiders, ants, butterflies and beetles, is relatively

high in selectively logged forest compared to the other habitats. Beetles were the most

. T De a

studied in the group of invertebrates and- it was commonly found that they show high
richness and abundance in vegetation types with ample tree (bbukols et al. 2007)

In the studies used, mammals consisted of primates, rodents and bats which each have

very different functional traits. The herpetofauna consists of a wide range of reptiles and

amphibians and plants include trees, bryophytes, epiphytes, palms and ferns. This large

variety within species groups and associated life history traits parthesdhe variable

response to land use change. This makes generalizations difficult.

5.3 Reasons for heterogeneity

MSA has been developed as a readily interpreted indicator to mtneitols in species
abundancen a way that'is suitable to track biodisgy policy goals(Alkemade et al.
2009) The use of MSA for global assessment of impact of human intervention on forest
ecosystems requires quantitative estimates of MSA. It is important that the values

determined for MSA are a credible estimate of impac a n d

t hat

MSAOGSs

attributable to land use change and not to other factors causing variation in biodiversity.
This requires an analysis of the sources of variation of MSA in each land use type.
Considerable variation in MSA was present witland use types. For instance,

observed MSA ranges between 0.007 and 0.57 for secondary forests. We attribute these

differences to the effect of land use change although a wide array of factors is known to
affect differences in species occurrences. Belog discuss factors that may affect

species presence and abundance in land use types after primary forest conversion and

discuss their potential impact on MSA values.
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Plants in forests have been studied extensively and a lot of information is
available abou plant species composition, also in relation to forest degradation or
conversion. Moreover, plants are not mobile which increases the chance of sampling the
whole species pool present and sampling techniquesglatarely well standardized his
is expeted toreduce theeffects ofmethodologicalariability and sampling errorrothe
outcome of biodiversity studies so that relatively more of the variation found could be
ascribed to an effect of land use type. We therefore mainly focus on plants in sgconda
forests as an example to discuss heterogeneity found in the data.

5.4Land use history

Secondary forests in our study are defi
woodlands, where vegetation has been removed and where foregj is oew (afteg 0
Alkemade et al. 2009)hese could be forests that have been conventionally logged and
left to regrow, or they could be forests recovering after abandonment of agricultural
fields, plantations or pastures. Previous land use and the related levistuobahce,

affect the rate of species accumulation in<secondary forests and species similarity
between primary forests and secondary forests. In general, species accumulation in
forests recovering from intensive agriculture or pastures is slower thatsfoeeovering

from slash and burn agriculture or from cleatting without cultivationChazdon 2003;

Dent and Wright 2009; Karthik et al. 2009)Ve also found this in our review. Of
secondary forests of similar age, the ones regenerating on abandshe@ (4arin-
Spiotta et al. 2007and crop fieldgfHoworth-and Pendry 2006)ad a lower MSA than

the one regenerating on a slastdburn field(Lopes et al. 2009)0.13 and 0.11 versus
0.23).

If secondary forests are left to regenerate. they might redcbeediversity of a
mature forest. However, secondary forests tend to provide improved access to humans
which increases collecting, poaching and hunting activities. Besides that, they tend to be
highly susceptible to fire and further degradation (Chazd@®3Rd hus not only the past
level of disturbance, but also the current levels of disturbance affect presence and
abundance of species, although we could not quantify this effect on MSA.

Time since forest conversion

Perhaps the most important reason far ¥ariety found in the datan secondary forest
successionis the time of measurement. Secondary forest succession is -efong
process and thus the time of measurement, i.e. the time since conversion, affects the
outcome of diversity studies. Studies species dynamics during forest succession show
that thetotal plantspecies richnesghus not just forest speciesgveral years after
primary forest conversion is high, with many generalisi invasivespecies while the
abundance of forest specieslasv. With time, as the canopy closes, the abundance of
typical forest species will gradually increase. The time it takes for the species
composition to resemble that of primary forests is estimated to BO@@§eargBrown

and Lugo 1990; Chazdon 2003; meand Wright 2009; Mark$piotta et al. 2007)Our
results are consistent with this pattern of succession: the MSA, which reflects the
presence and abundance of primary forest spasiésy in young secondary forests and
increases witliime.
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Within forests of similar agéhere is substantialariation in MSA. For example,
MSA of 14 year old forest ranged between 0.40 and 0.23. This could be caused by the
factors of heterogeneity listed in this sectiam by differences in the rate of species
accumulatn during successiomowever, we should also mention that in many studies
the age in secondary forests is an approximate figopes et al. 2009; MariSpiotta et
al. 2007) or it is given as an average age which represents a (wide) aggKdDgeet
al. 2008; Piotto et al. 2009; Van Gemerden et al. 2003; Williams et al. .20083%
unclear forest age may partly cause the variety in MSA between forests of similar age.

5.5Proximity to mature forest

The surrounding landscape, in particular the proxiroftnatural forests, plays a role in

(the rate of) species accumulation in secondary forests. A patch of bare soil embedded in
a matrix of structurally and compositionally intact forest has improved options for
recovery compared to a similar area surrachdy<a matrix of agricultural land or
degraded forest. Forest patches and mature trees nearby can provide seed sources and
refugia for animals, among which seed dispersers and pollinators. This will increase the
recovery process in species compositiongZeion 2003). We did not find: studies from
which we could derive a relation between MSA of secondary forests, or other land use
types, and proximity to the nearby primary forest. One study however showed that
butterfly species richness and number of indiaid in coffee plantations increased with
proximity to a mature foregDolia et'al. 2008)

5.6 Species richness of reference forest

The diversity of the primary forest is another factor causing heterogeneity in thét data.

varieswith respect to edaphicharacteristics, topography and historic disturbance events
(Chazdon 2003; Willis et al. 20Q7)n our review we have included all forest types that

were described by the authors as O6tropical b
and other forestdUnfortunately, we do not have sufficient ddtatest whether MSA

varies consistently.in different forest typbat we can show the effect of geographic

location on MSAwithin similarly classified forests.

Kapoor(2008)included three reference sitegthin the same foregiype (but not
treated ageplicates) within a sanctuary in her study on spiders. The reference sites
differed in species richness and number of individuals. We chose one site as reference
and calculated the MSA of the other sites. Theyen0.56 and 0.47 respectively. Setting
the other reference sites tordsulted in even loweVSAs. These three reference sites
were different irsizeand altitude, which may partly cause different MSA values. Sedlock
(2008) studied two. similarly classifte reference sites on the same mountain (same
altitude but different slopes; west & south). We found them to differ in MSA (0.24 and
0.70 depending on which site was set to 1) even though the authors claim that they were
similar in tree species compositiolhese examples show that differences in species
presence and abundance between similarly classified foegsts wherundisturbedcan
be large.

Next to these natural variations, the biodiversityedérencdorests might also be
different due topastdisturbances. Even though we assume the reference forests in our
reviewt o be Opristined or O6virgino, t hey might
phenomenon of modern times but dates back to early human occupation in tropical
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regions. Many forestdat are considered primary or virgin may in fact be late secondary
forests, varying in age from several hundreds to thousands yea(Bhadwat et al.
2008; Van Gemerden et al. 2003; Willis et al. 2004)is presents a conceptual challenge
to MSA, namelythe question of the proper choice and identification of the reference.

5.7 Variation within species groups

As was found by Scales and Marsd@008) abundance shifts of species after habitat
conversion relate to their life history traits. Plants cardlvided into functional groups
based their growth strategy or seed dispersal method. Plant species respond differently to
disturbance, depending on these functional traftdhe sampled species community
differsin its functional compositiothenthis will affect the MSA value.

Shortlived rapidly growing pioneer species quickly accumulate in biomass within
the first one or two decades of land abandonment. The closure of the canopy encourages
recruitment and growth of slegrowing climax speciegBrown and Lugo 1990;
Guariguata and Ostertag 200Btudies showed that the early plant species colonizing
disturbed sitesend to beprimarily wind-dispersed or smalieeded vertebrate dispersed
species, whereas the late successional spetidso bdargese=ded vertebrate dispersed
species that colonized the site |gtdoworth and Pendry 2006; Karthik et al. 2009)

The group of plants can be furtherldivided into trees, palms, ferns, epiphytes
and bryophytes. When considering bryophytes as a group ritteiless and abundance
were not different between primary forest, selectively logged forest and cacao agroforests
(Ariyanti et al. 2008) When looking at composition, differences exist between land use
types which can be explained by the different respomé mosses and liverworts.
Mosses differedin richness beteen the land use types but thewver (related to
abundance) was similar. The opposite goes for liverworts; their richness was equal
between land use types but their cover decreased signi§icartisturbed forest. Within
mosses and liverworts, species showed different responses as well, mostly related to their
droughttolerance. MSA varied from 0 to 1 for both mosses and liverworts. This example
shows that responses to disturbances can belyhgpeciesspecific which causes
variation.in MSA values and which makes generalizations for a species group difficult.

5.8 Methodological issues
Above we described factors that affect the outcome of biodiversity studies, but there are
more, mostly techial factors related to study design and execution, which influence
MSA.

Studies differed in their set up related to plot size, plot number and sampling
technique. With increasing plot size and plot numberptbbabilityof the whole species
pool being diected and identified increas@SastilloCampos et al. 2008; Howorth and
Pendry 2006; Hylander and Nemomissa 2009; Piotto et al. 2009; Van Gemerden et al.
2003) Ariyanti et al(2008)for example showed that with increasing plot number, they
found more byophyte species. They suggested that they did not sample the total species
pool in the land use types by analyzing an insufficient number of @egsending on
detection probabilities and the shape of spearea and speciasdividual curves, this
effed may seriously affect the outcome ofsttand other studieSome researchers used
different plot sizes not only between different land use types, but also within land use

This isa draft reviewfor consultationAdditional work is in progress. Please do not quote
this document or any part therein without prior conséihe authors. 23



737 types(CastilloCampos et al. 2008; Kamo et al. 200Zhis influences the numbef o

738 individuals and species found and thus the MSA.

739 As we explained abovehé¢ number of species and individuals found in the
740 primary forest, based on which we calculate MSA values, may well not represent the full
741 range of species diversity that was actuglresent in the forest. To test this, we
742 calculated the MSA of replicate plots within a reference forest. L(#i#39)established

743 10 equal sized control plots (considered to be replicates) in the interior forest of the
744  Coimbra Forest in Brazil. The numbef tree species varied from 21 to 41 and the
745 number of individuals from 50 to 114. We set the plot with the lowest number of species
746 and individuals to 1 and calculated MSA of the other plots. The MSA varied from 0.23 to
747 0.48. Changing the reference plesulted in similar or even lower MSA values. This
748 example illustrates how thehoice ofa reference plot can seriously affect the outcome of
749 any study in our review and the conclusions that are-drawn from it. This problem can be
750 addressed by better sanmgl, but this will require dedicated detailed studies rather than
751 secondary analysis of available literature, which:may not be compatible with the goal of
752 deriving globally valid relationships between land use change and MSA.

753 Studying the presence and abance of plants is relatively straight forward in
754 that researchers almost always define a square or rectangular plot within which they
755 recordall plants of interest present. Within studies however, sampling schemes may show
756 flaws. Ariyanti et al(2008)for instance sampled selectively logged forest in which the
757 disturbance took place-2 years before the study took place and compared this to data
758 from a 68 years old cacao agroforest. The selectively logged forest thus had more time to
759 recover which mightontribute tothe higher MSA found in the selectively logged forest
760 and not a difference in land use type per se.

761 As said, the sampling technique for trees is pretty uniform across studies, and a
762 high degree of consistency may be expected within and betstedies and habitats. In

763 many faunal groups, sampling challenges can be significant, and ‘deptident. A

764 long sampling period and combination of survey methi{@sllock et al. 2008; Vester et

765 al. 2007)may be required to obtain an adequate sampleeototal biodiversity present in

766 a study area. For instance, various methods to capture amphibians and reptiles exist. The
767 methods have been compared by Ribduaior et a(2009)and they found that different

768 techniques capture different numbers ofcspe and individuals whicmay translatego

769 different MSA values per sampling technique. Thus the choice of sampling method could
770 seriously affect the quality of sampling and the number of individuals and species found.
771

772 5.9Available literature

773

774 The datasts that were included in the review were not evenly distributed over the world.
775 Most datasets used in our review came from Séumierica, in particular from Brazil.

776 Most of the Asian studies were done in Malaysia. There is also a preference for species
777 groups being studied with invertebrates and mammals being the most popular. Within the
778 group of plants most studies were on trees. Land use types were also not equally
779 represented in our review. Our results may thus be biased towards certain locations, land
780 use types and species.

781

782 5.10MSA as biodiversity indicator
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The MSA provides information about the abundance of primary forest species. Like other

biodiversity metricfMajer and Beeston 1996; Scholes and Biggs 2@@5)index is a
simplification of theoverarching concept of biodiversity insofar as it regards diversity

only at the species level. Because all species are assigned equal values, the index suffers
from some deficiencies. Although invasive species are disregarded in the calculation,

rare, endmic, those that play important ecological roles and species otherwise
noteworthy are considered equally important as widespread and common dd&des.

was calculated based on available data and is thus prone to taxonomic, geographic and
sampling biased-or instance, more research has been done on trees than on nematodes.

These largely intrinsic (and partly unavoidable) limitations-notwithstanding, the MSA is
one of the indicators being used worldwide to study the biodiversity effects of

environmental driers(Alkemade et al. 2009)

In our review the MSA provides information‘on how the average abundance of a
set of species originally occurring in undisturbed. forestengesn different land use
types. We have explained which factors influence the valuMSA. The question now
arises whether or not MSA is a useful and reliable indicator for biodiversity impact and

how reliable it is to indicate changes in biodiversity due to forest conversion. Lamb et al

(2009) compared methods for translating trends imtactness of biodiversity into

summary statistics. They evaluated the effectiveness of several indices based on their
statistical robustness, sensitivity to errors and noise in the data, ecological relevance and

ease of communication. They showed thatidesl based on species occurrences and
abundances are the most effective for biodiversity intactness monitoring. ddiSAve
considered a similarity index based gpecies presence and abundance but this does not
make it automatically_ suitable for biodiveassmonitoring. Caution needs to be taken as

MSA cannot be larger than one if species abundance increases and it does not take an
increase in species in the disturbed habitat into account even if these species are

consideredrue forest speciebut happenda ~ ' be &é mi s s e d 6 Based ontour e
analysis wemay not be able to conclude whether MSA, based on a limited number of
studies is'a correct global indicator for biodiversity, ibug suitable to show that there is

an effect of land use change speciediversity. Quantifying this effect is risky due to

the large number dhctorsthatmay play a role in the magnitude and theectionof the
effect. Comparing two sites by means of MBvides informatiorabout the intactness

refer

of a site against aelected reference. This requires that both sites are well sampled, and

share a common ecology and history except for the effect under considevatidrave

shown that in habitats that had some tree cover left, intactness was higher than in habitats
whereall vegetation ' was removed. The degree of intactness in these habitats varied per

species group.

MSA would be useful for the direct monitoring of species composition and
abundance over timéefore and after disturbance, so that objections related talspa
variation andvariation inspecies composition are diminishéchother application would
be to evaluate sites agaimatnanagement reference definedrbjnimum population size
and desired compositipr a reference in a disturbed, but wakhnaged,drest because

an undisturbed reference is not always available. This way, the MSA would be more

suitable to monitor thgeneralkeffect of policy measuresn biodiversity
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5. 11Concluding remarks

In this review we have shown that the intactness of tlggnat species pool decreases
when primary tropical forest is converted. The intactness varies with land use type and
species group. Many other factors play a role in the magnitude and course of the impact
and therefore we cannot quantify the effect ofllaise type per se. MSA is not deemed
suitable to determine generally valid relations between biodiversity and land use. It does
however provide information about the presence and abundance of species in a disturbed
site relative to an undisturbed site aralild therefore be seen asgecific intactness or
similarity indexthatmakes it interpretable for policy makers.

6.1

6.2

Reviewersdé6 Concl usions
Implications for policy

The Netherlands Environmental AssessmentAgency (RBkgd for a review to
evalate the impact gbrimary tropical forest conversion on biodiversillywas

their intention to implement the results of this review in the GLOBIO3 model,
which is used to estimate.the biodiversity loss at global, regional and national
level at current stte and for possible future scenarios and policy options
(Alkemade et al. 2009We do not deem our results suitable for that purpose.
However, PBL can use the outcome of this review to advise the international
community on the impact of primary tropicak@st conversion on the biodiversity
intactness. They can specify these impacts for various land use types and species
groups.

Implications for research

Species show highly specific responses to habitat conversion depending on their
functional trais (Scales and Marsden 2008). Many studies and reviews (see
Bhagwat et al. 2008; Koh 2007; Nichols et al. 2007; Scales and Marsden 2008;
Sodhi et al. 2009 and references herein) have examined the response of certain
species and species groups to tropicahary forest conversion, but a

guantitative review covering all species and all types of land use was not yet done.
We have identified an effect of primary forest conversion on biodiversity
intactness in‘various land use types, but we could not quamsfeffect due to a
variety of reasons that influenced the outcome of the studies we reviewed. We
discussed land use history, time since forest conversion, proximity to primary
forest, the diversity in the reference forest, spespExific responses antlidy

design. We also discussed the suitability of MSA as a biodiversity indicator. If we
want to quantify the effect of land use on biodiversity we would have to perform
studies in such a way that other reasons for heterogeneity are reduced to a
minimum, & we would have to be able to quantify them. The biodiversity
indicator would also need improvement. Activities for the latter are currently
being undertaken by PBL.
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1385

1386 10. APPENDICES
1387
1388 Appendix A: Reference, location, habitat, number of species studied, number of datasets derived and sampling methods for
1389 each study.
Reference Location Country Habitat Taxon S | No. | Methods
sets
Arellano et al Vicente Mexico tropical dry | beetles 17 1 | Eighteen transects with six baited traps (25m apart) were
2008 Guerrero forest established in forest fragments, live fences and pastures. Every
Chiapas transect was visited 20 times, total sampling effort was 6480 hr.
Ariyanti et al central Indonesia | natural Bryophytes 65 2 | In each of natural forest, selectively logged forest and Cacao
2008 Sulawesi forest liverworts 46 agro-forest 4 study sites, minimal distance 500m, were studied.
In each site a core area of 0.25 ha was marked and 5 trees of
more than 20cm dbh and 10 trees of 10-20 cm dbh were
selected. On the large trees all species were recorded from 5
plots of 600 cm2 and on small trees from 25 plots of 600 cm2
in total.
Barlow et al., Jari Brazil tropical Butterflies 108 1 | Fifteen transects were established, comprising five replicate
2007 landholding forest sites in each of primary, secondary and plantation forests. At
each site 8 baited traps were placed in the under-storey, and 8
in the canopy of primary forests. Traps were operated 5 full
days, replicated in four seasons.
Barlow et al., Amazonia Brazil Tropical rain | Birds 167 1 | Fifteen transects were established, comprising five replicate
2007 forest sites in each of primary, secondary and plantation forests.
Timed point counts were carried out along a section of 2 km
length of each transect over a 3-month period. An observer
spend 10 min at points separated 200 m from each other and
recorded all bird species.
Bernard et al Tabin Willife Malaysia rainforest small mammals 6 2 | Small mammals were trapped at seven trapping sites, located
2009 reserve, in primary forests, logged forests and oil palm plantations. At
Sabah, CA each site 50 wire meshed traps were arranged into 5 200 m
and LIPAD trap lines 100 m apart with 20 m distance between traps.
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Reference Location Country Habitat Taxon S | No. | Methods
sets
Bobo et al., Korup Cameroon | tropical Butterflies 55 1 | Six replicate sites in 4 habitats (near primary forest, secondary
2006 forest forest;.cocoa/coffee and annual crops) were selected
separated at least 500 m from each other. Three traps within a
50 m radius circle plot were placed and controlled each day
during a nine day period.
Castro- Tapajos, Brazil lowland bats 15 1 | Census survey based on mist-netting, were carried out in two
Arellano, 2007 | Amazonia rainforest experimental blocks of 100 ha in RIL forest and control.
Twelve sites, spaced 200 m from each other in two parallel
rows at each block were samples in three sessions. Sampling
was 12 h a night and rotated among sites.
Castro-Luna, Agua blanca Mexico tropical bats 25 1 | Three sampling sites in each of four vegetation types (three
2007 state park, evergreen stages secondary forest and primary forest) were selected (at
Tabasco forest leats 300m apart. 10 mist nets were placed and sampled
during the night, which was repeated 10 times.Total effort:
5520 net hours
Chung et al., Borneo, Malaysia tropical Beetles 535 1 |/One study site in each land use type was selected (oil palm,
2000 Sabah forest forest plantation, logged forest and primary forest). Three
Ground flight-interception-traps were placed at each sites, 30
m apart. Samples were taken in two periods, traps remain two
weeks at a site.
Clark et al Sangha Dem. Rep. | tropical mammals 9 1 | Surveys were conducted by walking inventory lines in four
2009 trinational of Congo forest logging concessions. The lines were divided into 5 km
network/ transects and forest type was recorded (logged or unlogged).
Nouabale- Three field teams recorded sightings, dung piles and nestings.
Ndoki National Total transects effort: 3450 km.
Park
Estrada & Los Tuxtlas Mexico lowland rain | Dung beetles 25 1 | 16 locations within continuous forest, 1 location in 16 forest
Coates- forest fragments and 16 locations within a mosiac of agriculture was
Estrada, 2002 sampled. 50 pitfall traps at each location, 10-15 m apart were
sampled in three periods in three year: 288 24 h periods
Estrada, et al., | Los Tuxllas Mexico forest Birds 178 1 | 50 sites in forest, 32 in agricultural habitats, 4 in pastures were

1997

sampled. The fixed radius census point sampling procedure
was used. Approx. 10 sampling points per location, 50-80 m
apart along trails, were sampled by two observers. In total 459
census points in the forest and 400 in man-made habitats.
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Reference Location Country Habitat Taxon S | No. | Methods
sets
Faria 2006 Bahia Brazil Atlantic bats 17 1 | Three sampling blocks (6 x 6 km) comprising 2 replicate of
forest each of six habitat types: total 36 sites. In each site a transect
of 100 m long , 1.5 m wide was established. Mist nets of in total
165 m2 was placed four times during 5 hours at each transect.
Faria et al Bahia Brazil Atlantic Ferns 41 3 | 10 sites in each habitat (mature forest, cacao plantation) were
2007 forest Frogs 12 sampled. At each site a transect of 200 m, 1-2 m wide was
lizards 11 established. From a 0.12 ha plot along the transect all
specimens of ferns up to 2 m from the ground were identified.
For sampling frogs and lizards three arrays of 25 m length
having 4 pitfalls were placed along the transects. Sampling was
on 24 consecutive days.
Farwig et al Kakamega Kenya rainforest Birds 40 1 | Three plots of 1 ha, 500 m apart in each of the five forests was
2008 forest established (types: native forest, three types of plantations and
secondary forest). At 9 point per plot birds were counted during
10 min. Each month during 13 months.
Fermon et al. Lore Lindu Indonesia | Tropical Fruit feeding 34 1 |/One 6 ha study site was selected in each forest type: natural
2005 NP, Sulawesi forest Butterflies forest and disturbed forest. At each site four cylindrical gauze
traps were placed at different heights at six trapping locations,
species were recorded during 44 days.
Floren et al., Sabah, Malaysia Dipterocarp | ants 66 1 | At 4 forest sites (1 primary, 3 secondary forest) trees were
2001 Borneo lowland rain fogged. In primary forest 19 trees, In secondary forest each 10
forest trees. Under a 100 m2 cotton roof almost all arthropods falling
during 2 h were collected in funnels.
Fredericksen Guarayos Bolivia tropical reptiles/amphibians 5 2 | 8 paired plots were selected in logging gaps and adjacent
& humid forest | Mammals 5 undisturbed forest (100 m apart).Plots were sampled three
Fredericksen, times with 5 pit falls on a 10 by 10 m area, five nights in each
2002 sampling period. In total 680 trapnights. For mammals plots
were sampled three times with 4 pairs of Sherman live traps at
4 corner points of a 10 by 10 m square and a large Tomahawk
trap in the center. Sampling was six days in each sampling
period, in toatl 1296 trapnights
Fujisaka et al., | Pucallpa, Peru humid trees, shrubs, lians 24 1 | Six transects in eight land use stages were sampled. At each
2000 Ucayali tropical transect ten 4 m? plots at 5 m distance all plants species were
forest recorded, resulting in 240 m? sampled area per land use type..
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Reference Location Country Habitat Taxon S | No. | Methods
sets
Fukuda et al Lambir Hills Malaysia rainforest bats 20 1 | Four types of land use were sampled. Six census points in
2009 National Park, primary forest, three in secondary forest, three on orchards and
Sarawak five in oil palm. Mist netting was conducted 4 nights along
trails, using 2-4 nets of 36-72 m°.
Furlani et al Humedale Costa Rica | palm frogs 3 1 | Intotal 14 linear transects in three land uses were established
2009 Terraba swamp (5 in pastures, 4 in secondary forest and 5 in primary forest).
Sierpe forest Audio strip sampling was used in 10 points, 20 m apart, along
the transects. Recorded during 10 minutes per point, repeated
8-10 times.
Gardner et al., | Jari river Brazil rainforest Lizards 25 2 | Five study sites were selected in each of three forest types
2007 amphibians 22 (primary forests, eucalyptus plantations and secondary
forests). Within each site a 1.5 km transect was established (2
m wide). 10 arrays of pit falls were placed 100 m apart.
Additionally 3 other trapping systems were placed. Each sites
were sampled on 7 consecutive days.
Gardner et al., | Para Brazil rainforest Dung beetles 72 1 | Five study sites were selected in each of three forest types
2008 (primary forests, eucalyptus plantations and secondary
forests). Five traps were placed (200 m apart) along a 1 km
transect. Traps operated 2 times 24 hours in two different
seasons.
Glor et al., Los Haitises Dominican | subtropical Lizards 8 1 | In total 30 study sites in 9 land use types were selected. At
2001 National Park | republic broadleaf each site a 10 by 10 m grid with 20 glue traps was
forest established.traps were placed in two period applying 120 h
trapping cycle.
Grieser Johns, | Borneo, sabah | Malaysia tropical Birds 60 1 | Nine sites with different logging intensity were selected. Mist
1996 forest nets were placed twice during 5 consecutive days (in total 100
trapping hours). Transect surveys along survey trails of 5 km
length in each site were carried additionally, and repeated 10
times.
Grimbacher et | Northeast Australia rainforest beetles 1 1 | In total 50 sites were selected in 7 different land use types.
al 2007 Queensland Within each site a 100 m transect was established along which

10 pit falls were placed and operated for 3 days.
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Reference Location Country Habitat Taxon S | No. | Methods
sets
Harvey & Talamanca Costa Rica | forest Bats 26 2 | In total 35 sites were established in 4 land use types (7 sites in
Villalobos region Birds 132 nearly.primary forest, 14 in cacao agro-forestry, 7 in banana
2007 agro-forestry and 7 in plantain monocultures). For bats four
mist nets (12 by 2 m) were placed 100 m apart in a 1 ha plot at
each site. Birds were counted twice at five points (radius 25 m),
100 m apart, at a 1 ha plot at each site.
Hawes et al. Jari Brazil native moths 146 1 | 5 sites were selected in three forest types (primary forests,
2009 landholding, primary secondary forest and Eucalyptus stands). Three light traps
Amazon forest were placed per site at 200 m distance along a transect.
Attraction radius is 50-200 m. Sites were sampled twice.
Heydon & Borneo,Ulu Indonesia | primary mammals 2 1 | Two sites were selected in primary forests and three in
Bulloh, 1997 Segama forest secondary forests. Two transects, 1m wide and 2-3 km long
were established at each site. Two observers using spotlights
walked with 500-700 m h™. Each transects was visited 5 times
during 5 months.
Howorth and Piedra Venezuela | tropical Trees, epiphytes 9 1 |/In four successional stages (secondary forests of 3 different
Pendry 2006 Cachimba montane ages, and mature forest) eight plots of 20 by 20 m were
cloud forest established. All woody plants (>5 cm at breast height) were
recorded.
Isabrye- Kibale forest Uganda tropical mammals 5 1 | Five permanent grids in each of two forest types (uncut and
Basuta, 1987 reserve forest selectively felled forest). 100 standard Sherman traps were
placed in a 10 by 10 grid, 10 m apart from each other. Traps
were checked during 5 consecutive days at a monthly interval,
during 13 months.
Johns, 1991 Tefe lake, Brazil Tropical Birds 144 1 | Field observations were carried during 12 month, 20 d a month
Amazonas froest along 36 km trail transects crossing 5 different land use types.
Census routes are not equally distributed.
Kapoor 2008 Western India tropical wet | spiders 96 1 | Ten rainforest fragments and 2 coffee plantations were
Ghats evergreen selected. 5 belt transects 2 m wide, per site were visually
forest searched for spiders. Each transect was walked about 5 times.

Total distance waked: 2-3 km.
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Reference Location Country Habitat Taxon S | No. | Methods
sets
Lambert et al., | southern Para | Brazil forest and mammals 16 1 | Two logged and two unlogged sites were selected. Within each
2005 savannah site five 1 ha plots were established and sampled by three 100
m long parallel transects, 25 m apart, each with 5 stations 20 m
apart. Tomahawk and Sherman traps were placed at each
station for 10 consecutive days. Each grid was sampled three
times. Total effort; 29500 trap nights.
Lambert, 1992 | Borneo, Malaysia tropical Birds 64 1 | Two sites; one primary forest, the other selectively logged
Sabah forest forest were selected. Along trails nets were set in lines and
moved after 16-20 h netting time.
Laurance & Cape York Australia Tropical rain | mammals 5 1| One logging site and two sites in primary forest were selected.
Laurance, peninsula forest Each site was sampled 7-8 times before logging the logging
1996 site and 10-11 times after logging. Tracks of between 1200 and
1600 m long and 4-6 m wide were sampled by spotlighting
Lopes et al Alagoas, Brazil forest trees 102 1 | At 4 sites in total 55 plots of 0.1 ha were selected. (10 in forest
2009 atlantic forest interior edges, 10 in forest core area, 15 in seconday forest and 20 in
small fragments). All tree species were recorded in the plots.
Luja et al 2008 | Quintana Roo | Mexico primary rain | Lizards 13 3 | Three vegetation sites were selected. (Mature forest,
forest Snakes 13 secondary forests and induced grasslands). Four line transects
turtles 1 (550 m long and 9 m wide), 500 m apart, were sampled each
month during 9 mo. Two people walked the transects and
recorded species visually. total effort 540 person hours.
Makana & Ituri forest Dem. Rep. | mixed and trees 15 1 | In each of 2 forest types (primary and secondary) 11 plots were
Thomas, 2006 | Epulu of Congo evergreen established along 500m transects. Transects parallel and 150m
apart. All free-standing trees >1 cm dbh were identified.
Marin-Spiotta | Sierra de Puerto primary plants 23 1 | Three replicate sites in each habitat type (primary forest,
et al 2007 Cayey Rico forest secondary forest ages 10, 20, 30, 60 and 80 years old). At
each forest site all trees >10cm dbh were identified in 24x24m
plots, at a subset of sites, in a 12x12m area within the plot,
woody trees 1.5-10cm dbh were identified.
Marsden et al., | Goroka lower | Papua Hill forest Birds 31 2 | 122 survey plots at lower altitude and 104 survey plots in
2006 altitude (<650 | New higher altitude, positioned at distances of c. 200m apart along
m) and higher | Guinea transects in three habitat categories (primary forest, old

altitude (>650
m)

gardens, new gardens). Birds were counted using a variable
circular plot method, each plot was visited twice (different days,
different time of day).
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Reference

Location

Country

Habitat

Taxon

No.
sets

Methods

Marsden,
1998

Seram

Indonesia

tropical
froest

Birds

16

Variable circular plot method , 25.3 hours of transect walking
(65 plots) in unlogged forests, 18.3 hours (46 plots) in logged
forest. Transects 500m apart, cencus stations 250m apart.
Birds were counted at each census station for 10 minutes.

Marsden, et al.

2001

Linhares,
Esprito Santo

Brazil

Atlantic
forest

Birds

111

Variable circular plot method: 546 point counts in the forest
reserve, 200 point counts in the forest fragments, 50 point
counts in Eucalyptus plantations. Census stations ¢ 200m
apart. Birds were counted by two observers at each census
station for 10 minutes.

Mason, 1996

Imatac forest

Venezuela

Tropical
forest

Birds

86

In 5 forest types 200x200m plots (6 in primary, 2 in 1-year-
logged, 2 in 6-year-logged, 2 in logged with enrichment strips,
2 in logged with vines cut) were sampled. 12x2m mist nests in
groups of two or three were placed along trails of each plot,
groups at least 100m apart.

Matsumoto et
al 2009

Lambir Hills
National Park,
Sarawak

Malaysia

dipterocarp
forest

ants

2 plots in intact forest (3 plots in 2005), 11 in secondary forest,
6 in isolated primary forest were sampled. Army ant colonies
were located visually during three 1-h walks in each plot for
each year of study (2003 and 2005). Survey area appr 4000-
5000 m2.

Nakagawa et
al., 2006

Lambir,
Sarawak

Malaysia

Dipterocarp
forest

mammals

10

In 6 habitat types in total 20 study plots were established. At
each plot 22 cage traps, in each of 20 (10x200m) study plots at
10m intervals, for five consecutive days and nights per trapping
series for a total of three trapping series. Total of 6821 trap
nights.

Naughton-
Trevees et al.,
2003

Tambopata

Peru

tropical
forest

mammals

10

Three habitat types (swidden fields, fallows 2-10yrs old, closed-
canopy forest). Nineteen lines of scent stations were set up: 7
in fields, 5 in fallows, and 7 in closed-canopy forest. Each line
separated by at least 500 m. Along each line, three pairs of
stations (1 m in diameter), and each pair was separated by 25
m. Food scent lures were placed for two nights per month for 9
months.

Ngai et al
2008

Estacion
Biologica
Pitilla

Costa Rica

primary
forest

insects

14

Water-filled bromeliads were sampled from primary forest (5),
secondary forest (23), open pasture (4), and roadside habitats

@).
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Reference Location Country Habitat Taxon S | No. | Methods

sets

Nicolas et al Ziama Guinea undisturbed | shrews 9 1 | Four sampling sites in each of six habitat types (primary forest,

2009 Biosphere primary secondary forest and field, naturally regenerating fallow, young
Reserve forest forest restoration plots of 10i 12 years-old and old forest

restoration plots of 34 years-old). 40 pitfall traps at 5m intervals
for 21 nights per site, resulting in a total trapping effort of 840
bucket-nights at each site, 3,360 bucket-nights in each habitat
and 20,160 bucket-nights in total.

Nyeko 2009 Budongo Uganda natural dung beetles 21 1 | Eight pitfall traps were established at 50m intervals along the
central forest forest transect, resultingsin a total of 56 traps for the seven forests (1
reserve primary, 6 secondary). Traps were monitored monthly for

beetle abundance and diversity from April 2006 to March 2007.

O'dea & Pichincha Ecuador lower Birds 125 1 | Three hundred point counts at 75 sites in each of two study

Whittaker, montane areas (50 primary forest, 50 secondary forest, 50 agricultural

2007 wet forest land) were carried out. At each point all birds within 50 m

radius were recorded during 10 min.

Owiunji & Budongo Uganda Tropical rain | Birds 83 1 | Five parallel 2000m transects in each of 5 forest compartments

Plumptre, forest forest (2 unlogged, 3 logged) were established. At 100m intervals

1998 along each transect, 14m-radius circular plots were used as

points for the bird survey. 1 day per transect, each point visited
4 or 5 times. 2200 point counts in total, divided over wet and
dry season equally.

Pardini, 2004 South Bahia Brazil atlantic mammals 8 1 | 6 sites were selected in 6 landscapes (interior large remnant,

forest edge large remnant, interior small remnant, edge small

remnant, secondary forest, cacoa plantation). In total 48 live
traps were placed at each site, 15m apart along two 165m
parallel (20m apart) lines, on forest floor and 1.5-2m height.
Three capture sessions of 7 days each, totalling 21 days and
1008 trap-nights per site and 36288 trap nights in total. Pitfall
traps: Per site 3 sequences x 4 traps set at 46m interval. Two
capture sessions of 12 days each, totaling 288 trap-nights per
site and 10368 trap-nights in total. Traps were checked every
two days.
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Reference Location Country Habitat Taxon S | No. | Methods
sets
Parry et al Jari Brazil primary Primates 3 4 | Mammal and bird densities were estimated with standardized
2009 landholding, forest Rodents 1 line transect surveys. 8 in un-hunted primary forest sites (98
north eastern Ungulates 3 surveys, census effort 344km), 6 hunted primary forest sites
amazon birds 6 (74 surveys, census effort 225km) , 5 un-hunted secondary
forest sites (78 surveys, census effort 268km). All sites >10
m2.
Pearman, Jatun Sacha Ecuador Tropical amphibians 30 1 | In three land use types 23 sites (0.5 ha) were selected (13 in
1997 Wet Forest primary forest, 8 ins secondary forest and 2 in orchards). At
each site three; 50m transects (parallel, 10m apart) were
established and sampled using nocturnal visual search, in
random order 4 times in 1 year, at a rate of 2m per minute.
Amphibians within 2 meter on each side of the transect and of
2m elevation were captured and identified.
Peh et al., Johor Malaysia Birds 157 1 | Two primary forests, two logged forests and two mixed-rural
2006 habitats, rubber tree plantation, oil palm plantation, open
habitats were surveyed using point counts. A total of 120
sampling points in each study site (48, 127, and 65 sites in the
rubber tree plantations, oil palm plantations, and open habitats,
respectively). During each survey, birds were recorded that
were during a 10-min period within a 25-m radius of each
sampling point.
Pelisier et al., Uppangal India Tropical trees 55 1 | Two compartments (A: logged, B: unlogged). In A: 10 plots of
1998 (Western forest 20x30m. In B: five 20m-wide transects, 180-370m long, 100m
Ghats) apart, constituting 3.12 ha.
Peters et al Kakamega Kenya rain forest ants 2 1 | Abundances of 2 species of army ants were determined on
2009 forest, western sixteen 500m transects (8 main forest, 8 agricultural land), 18
Kenya surveys per transect.
Raman, 1996 | western India tropical mammals 6 1 | Two 500m transects in each of six successional strata (1 yr, 5
Mizoram evergreen yr, 10 yr, 25 yr, disturbed 100 yr, and primary forest) were
forest established. Each transect walked twice a month from Dec

1994 - April 1995, 50 minutes per transect, 50m on either side
were noted.
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Reference

Location

Country

Habitat

Taxon

No.
sets

Methods

Raman, 2006

western Ghats

India

tropical wet
evergreen
forest

Birds

96

13 sites (1 in rainforest, 6 rainforest fragments, 6 plantations).
In‘each site, 30 point count surveys (5 minutes each, 50m fixed
radius) were carried out yielding 1737 308 detections and an
estimated 3211 633 individual birds per site.

Reiners et al.,
1994

Sarapiqui,
Heredia

Costa Rica

tropical
forest

plants

15

12 plots (3 primary, 3 secondary forest, 3 abandoned, 3 active
pasture). Forest plots were 30x30m, Pasture plots were
15x15m. Foliar cover as a measure of species importance was
estimated with the line-intercept method.

Renner et al.,
2006

Sierra Yalijux

Guatemala

mixed oak
and pine dry
forest

Birds

51

22 trail sections.of' 150 m each (11 primary , 11 secondary
forest). Birds within 100 m distance to both sides of the trail
were recorded, each trail section represented a 3-ha-sized
rectangular strip (150 x 2 x 100 m = 3 ha). Twelve mist net
lines were established, six in natural and six in secondary
forest. The net lines were distributed randomly at existing
tracks. Each net line consisted of eight nets of 12 m each and
was opened for 8.5 h per capture day. Capturing was
conducted for 2 days at each line in 2001, and for 4 days in
2002 with a total of 4,896 net hours (12 m net).

Ribeiro-Junior
et al 2008

Jari
landholding,
Amazon

Brazil

primary
forest

Amphibians
Lizards
snakes

19
25
11

15 sites (5 primary forest, 5 secondary forest, 5 Eucalyptus
plantation) were selected. Ten 35-liter pitfall arrays, three 62-
liter pitfall arrays, 20 glue traps, and 30 funnel traps were
established along a transect (1.5km) in each site. Each site
was sampled for 14 consecutive days (pitfall and funnel traps),
and 12 days for glue traps, Traps were checked every morning
by two observers. Additionally searches were conducted along
the first 500m of each transect (2m on either side), 1 hour per
sample (totaling 150h of effort, shared equally between forest

types).

Roth et al.,
1994

Sarapiqui,
heredia

Costa Rica

lowland wet
rain forest

ants

68

In total 11 sites (3 in primary forest, 2 in abandoned cacao, 4 in
active cacao, 2 in banana plantation) were selected. At each
site 10 parallel transects separated by 5-15m perpendicular to
a 100m long edge. 20 baits per transect, 1.5m apart. All ants
within 10cm of the baits were counted, 30s observation per
bait.
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Reference Location Country Habitat Taxon S | No. | Methods
sets
Sakchoowong | Khao Ang Rue | Thailand primary beetles 42 1 | One plot at each habitat type (primary forest, secondar%/ forest
et al 2008 Nai Wildlife mixed and teak plantation) was selected. At each plot 10 1 m
Sanctuary deciduous quadrats were randomly sampled by scraping the litter and
forest surface soil to a depth of 3 cm. Soil- and litter-dwelling
organisms were extracted over 48 h.
Sedlock et al Mount Isarog Philippines | old-growth bats 13 2 | Two gradients of 3 habitats (1 having acaba plantation, pasture
2008 Natural Park forest south land and old-growth forest, the other mosaic, secondary forest
slope and old-growth forest) were sampled using harp trapping,
tunnel trapping and mist netting, with varying efforts
Sodhi et al. Lore Lindu NP | Indonesia | tropical Birds 29 1 | Randomly-selected point count stations were established in
2005 central montane- primary forests, secondary forests, the mixed-rural habitat and
Sulawesi sub plantations (100, 100, 220 and 80, respectively). At each point
montane count station, two observers recorded birds seen or heard
forest within a 50 m radius for ten minutes.
Soh et al.,, Cameron Malaysia montane Birds 39 1| In each habitat point counts were established, 300m apart.
2006 forest Brinchang primary forest (36), softwood plantation (36), tea
monoculture (36), rural roads (36), urban roads (36). Pine
primary forest (38), contiguous forest near road (38), small
forest fragment (24), rural roads (75). All birds with 25 m radius
were recorded during 10 min.
Svenning northwestern Ecuador lower palm flora 5 1 | 125 pairs of plots were established systematically at intervals
1998 part of montane of 50 paces in the forested parts of trail sections, one plot on
Ecuadorian moist forest each side of the trail. Each plot was 40 x 30m and contained a
Andes 5x12.5m
subplot. Seedlings and juveniles of each species were counted
in the subplot, while the adults were recorded in the whole plot.
Three land-use habitat types: Old growth, disturbed old growth,
secondary forest.
Thiollay 1997 | Cayenne Guyana forest Falconiformes 26 1 | Fixed radius point count where all birds within 50 x 50 m (0.25

ha) sample plots were recorded during 20 minutes. Plots were
spaced >50 m apart along random transect lines (primary
forest) or skid trails (logged areas). A total of 440 plots in
primary forest; 273 and 336 plots were surveyed in the one and
ten year stages of the logged forest.
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Reference

Location

Country

Habitat

Taxon

No.
sets

Methods

Thiollay, 1992

French
Guiana

Tropical rain
forest

Birds

142

Fixed radius point count where all birds within 50 x 50 m (0.25
ha) sample plots were recorded during 20 minutes. Plots were
spaced >50 m apart along random transect lines (primary
forest) or skid trails (logged areas). A total of 440 plots in
primary forest; 273 and 336 plots were surveyed in the one and
ten year stages of the logged forest.

Uehara-Prado
et al 2009a

Serra do Mar
state park,
southeastern
Brazil

Brazil

atlantic
forest

Spiders
Crustacean
Beetles
Butterflies

64

154
22

12 replicated sampling stations, at least 100m apart (6 in
disturbed, 6 in undisturbed site) were established. A sampling
station comprised-of 5 pitfall traps (6 days/month) and 5 baited
traps (8 days/month) and were checked every 48h. Sampling
was done monthly from Nov 2004-May 2005. Total sampling
effort was 60840 trap-hours for pitfall traps; the effective effort
for butterflies was 33600 trap-hours (considering 10-h of
sampling per day).

Vallan, 2002

Andasibe

Madagasc
ar

rain forest

amphibians

58

11 study sites (3 intact forest, 1 degraded forest, 2 secondary,
3 plantation, 2 rice fields) were sampled in 3 consecutive years.
Searching on unfixed trails, continued until species
accumulation curve reached plateau. Each search period
lasted 0.5-3.5 hours.

Vallan, et al.
2004

AnAla

Madagasc
ar

rainforest

amphibians

39

Before logging in 1997 and after logging in 2001, a total of 55.9
and 75.3 man-hours searching, using visual encounter survey
method, were carried out by the same three people. Searching
continued until species accumulation curve reached plateau.

Van
Gemerden
2003

Lolodorf
region,
southern
Cameroon

Cameroon

old growth
forest

trees

117

In sixty-five "recruitment" plots (logging sites and shifting
cultivation sites) of 625 m2 (25x25m) all woody plant species, >
50 cm height and < 10 cm dbh, were recorded. In 16 1-ha old-
growth "forest"plots all trees > 10 cm dbh were recorded.

Vasconcelos
et al., 2000

Manaus

Brazil

amazonian
rain forest

ants

12

Three 4 ha plots in 3 treatments (control unlogged, 10 year
logged, 4 year logged) were sampled. At each plot ants were
collected by extraction from leaf litter (40 samples of 1 m2) and
by attraction to sardine baits (10 in a uniformly arranged grid of
2.5 by 10 m).
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Reference Location Country Habitat Taxon S | No. | Methods
sets
Vasconcelos, | Manaus Brazil amazonian | ants 20 1 | In each of 5 areas (2 mature, 3 regrowth forest), four plots of
1999 rain forest 20x20m were established, with a between-plot distance
>100m. Nine pitfall traps (6.5cm diam.) and baited traps (10 m
apart) were placed per plot for 48 hours, once in the wet
season and once in the dry season.
Vester et al southern Mexico Selva baja butterflies 44 2 | Traps with fermenting fruits were set every 50 m along 500-m
2007 Yucatan Selva 40 transects (three transects for each of 3 forest ages), and
mediana specimens were collected from traps and by systematic netting
over four days every three months during 1997.
Vieira et al Guriri Island, Brazil undisturbed | dung beetles 8 1 | Dung beetles were sampled in 4 different habitats representing
2008 Atlantic coast restinga a gradient of degradation. Four patches per habitat type
forest (4x4=16 sampling areas) were installed with a standard
sampling array of 4 pairs of baited pitfall traps (10cm diam x
15m height), with >50m interpair separation. Traps were left in
place for 24 hours.
Vu, 2008 Tam Dao Viet Nam natural Butterflies 78 1 |/ Thirty 100m transects were set up in five different habitat types.
National Park closed Transect count method (all butterflies seen within imaginary
forest 10x10x10m box) was used in 3 consective years between May
and October, with sampling periods of 4-5 days/month, adding
up to a total surveyed time of 65 days (sampling between 9am
and 4pm). 6-8 minutes needed for each 100m transect. Data
were pooled.
Webb & Tutuila American undisturbed | trees 39 1 | 3 permanent plots of 1.2 ha (2 primary forest, 1 secondary
Fa'aumu, Samoa lowland forest). All tree species (>10 cm dbh) in 30 (20 m by 20 m)
1999 forest subplots were recorded.
Willig et al Amazone Peru lowland bats 36 1 | Each of 5 replicate blocks contained 3 different 6.25ha plots
2007 amazonian (mature forest, agriculture, secondary forest). Each plot
rain forest contained 8 75x75m subplots (4 interior, 4 edge). Each plot

was sampled for two 3-night sessions (1 dry, 1 wet season).
Three 12x3m mist nets were erected per subplot (two 0-3m
height, one 3-6m height) on 4 random subplots (night 1), the
remaining 4 subplots (night 2) and 2 random interior and 2
random edge plots (night 3). Nets remained open from 1800-
0100h and were checked every 20-30 min.
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Reference Location Country Habitat Taxon No. | Methods
sets
Wu et al. 1996 China Tropical mammals 1 | 13 1ha sites (7 primary, 6 secondary forest) were snap-trapped
forest with >100m dist between sites. Each site contained 100 traps,

with 4 trapping lines 20m apart, 25 traps per line, 5m intervals.
Trapping was conducted for 3 consecutive days, traps were
checked once a day.

1390

1391

1392
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1393 AppendixB: Forest plots and funnel plots, for all species groups and land use types
1394

1395 Appendix A

1396

1397 Forest and funnel plots with the results of the ragtalysis foithe 5 species groups
1398 considered and fall land use tges
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1413

Figure 1. Forest plot illustrating the variation in effect sizes for studies (solid boxes)
investigating the effect of land use (all types) on bird species abundance (MSA). The
dotted vertical line represents the line ofeftect (MSA =1) and the diamond indicate
the pooled effect.
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Figure 2. Funnel plot of the mesamalysis of mean bird species abundance (MSA) for all
land use types. The study outcome (MSA) is plotted against the corresponding standard
error to assess publicatiorabi
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1414
1415 Figure 3. Forest plot illustrating the variation in effect sizes for studies (solid boxes)

1416 investigating the effect of land use (secondary forest) on bird species abundance (MSA).
1417 The dotted vertical line represents the line offfect (MSA = 1)and the diamond
1418 indicate the pooled effect.
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1419
1420 Figure 4. Funnel plot of the megaalysis of mean bird species abundance (MSA) for

1421 secondary forests. The study outcome (MSA) is plotted against the corresponding
1422 standard error to assess publication bias.
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Figure 5. Forest plot illustrating the variation in effect sizes for studies (solid boxes)
investigating the effect of land use (wood plantation) on bird species abundance (MSA).
The dotted vertical line represents the line offflect (MSA = 1) and theiamond

indicate the pooled effect.
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1430
1431 Figure 6. Funnel plot of the megaalysis of mean bird species abundance (MSA) for

1432 wood plantations. The study outcome (MSA) is plotted against the corresponding
1433 standard error to assess publication bias.
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Figure7. Forest plot illustrating the variation in effect sizes for studies (solid boxes)
investigating the effect of land use (Agroforestry) on bird species abundance (MSA). The
dotted vertical line represents the line ofeftect (MSA = 1) and the diamondditate

the pooled effect.
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1443 Figure 8. Funnel plot of the mesmalysis of mean bird species abundance (MSA) for
1444  agoforestry. The study outcome (MSA) is plotted against the corresponding standard
1445 error to assess publication bias.
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Figure 9. Forest plaliustrating the variation in effect sizes for studies (solid boxes)
investigating the effect of land use (croplands) on bird species abundance (MSA). The
dotted vertical line represents the line ofeftect (MSA = 1) and the diamond indicate
the pooleceffect.
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1453
1454  Figure 10. Funnel plot of the mesmalysis of mean bird species abundance (MSA) for

1455 croplands. The study outcome (MSA) is plotted against the corresponding standard error
1456 to assess publication bias.
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Figure 11. Forest plot illustrating thanation in effect sizes for studies (solid boxes)
investigating the effect of land use (perennial crops) on bird species abundance (MSA).
The dotted vertical line represents the line offffect (MSA = 1) and the diamond

indicate the pooled effect.
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perennial tree crops. The study outcome (MSA) is plotted against the corresponding
standard error to assess publication bias.
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Figure 13. Forest plot illustrating the variation-in effect sizes for studies (solid boxes)
investigating the effect of land use (all types) on herfmtoa species abundance
(MSA). The dotted vertical line represents the line oeffect (MSA = 1) andhe

diamond.indicate the pooled effect.

Figure 14. Funnel plot of the meamalysis of mean herpefaunal species abundance

(MSA) for all types of land use. The study outcome (MSA) is plotted against the

corresponding standard error to assess publichitam
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1483 Figure 15. Forest plot illustrating the variation in effect sizes for studies (solid boxes)
1484 investigating the effect of land use (selective logging) on heffpetta species

1485 abundance (MSA). The dotted vertical line represents the line-effect (MSA = 1) and
1486 the diamond indicate the pooled effect.
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1488 Figure 16. Funnel plot of the mesmalysis of mean herpetaunal species abundance

1489 (MSA) for selective logging. The study outcome (MSA) is plotted against the
1490 corresponding standard error t@@ss publication bias.
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1494  Figure 17. Forest plot illustrating the variation in effect sizes for studies (solid boxes)
1495 investigating the effect of land use (secondary forests) on heiqeta species

1496 abundance (MSA). The dotted vertical line represdmdime of neeffect (MSA = 1) and
1497 the diamond indicate the pooled effect.
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Figure 18. Funnel plot of the meamalysis of mean herpefaunal species abundance
(MSA) for secondary forests. The study outcome (MSA) is plotted against the

corresponding stalard error to assess publication bias.
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Figure 19. Forest plot illustrating the variation in effect sizes for studies (solid boxes)
investigating the effect of land use (pastures) on heifaeita species abundance
(MSA). The dotted vertical line rements the line of neffect (MSA = 1) and the
diamond indicate the pooled effect.
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1510 Figure 20. Funnel plot of the mesamalysis of mean herpefaunal species abundance

1511 (MSA) for pastures. The study outcome (MSA) is plotted against the corresponding
1512 standad error to assess publication bias.
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1517 Figure 21. Forest plot illustrating the variation in effect sizes for studies (solid boxes)
1518 investigating the effect of land use (wood plantations) on hefpatta species

1519 abundance (MSA). The dotted verticaldirepresents the line of taffect (MSA = 1) and
1520 the diamond indicate the pooled effect.
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1523 Figure 22. Funnel plot of the mesmalysis of mean herpetaunal species abundance
1524 (MSA) for wood plantations. The study outcome (MSA) is plotted against the
1525 corresponding standard error to assess publication bias.
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1529 Figure 23. Forest plot illustrating the variation in effect sizes for studies (solid boxes)

1530 investigating the effect of land use (perennial tree crops) on hdgmeta species
1531 abundance (MSA). Theotted vertical line represents the line ofeftect (MSA = 1) and
1532 the diamond indicate the pooled effect.
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1534

1535 Figure 24. Funnel plot of the mesmalysis of mean herpetaunal species abundance
1536 (MSA) for perennial tree crops. The study outcome (MSA)atgd against the

1537 corresponding standard error to assess publication bias.
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Figure 25. Forest plot illustrating the variation in effect sizes for studies (solid boxes)
investigating the effect of land use (all types insects and other invertebrates species
abundance (MSA). The dotted vertical line represents the line-effect (MSA = 1) and
the diamond indicate the pooled effect.
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Figure 26. Funnel plot of the mesmalysis of mean insects and other invedtbspecies
abundance (MSA) for all landse types. The study outcome (MSA) is plotted against the
corresponding standard error to assess publication bias.
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1553 Figure 27. Forest plot illustrating the variation in effect sizes for studies (solid boxes)
1554 investigating the effect of land use (selective logging)on insects and other invertebrates
1555 species abundance (MSA). The dotted vertical line‘represents the linefiécio(MSA

1556 =1) and the diamond indicate the pooled effect.
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1559 Figure 28. Funnel plot of hmetaanalysis of mean insects and other invertebrate species

1560 abundance (MSA) for selective logging. The study outcome (MSA) is plotted against the
1561 corresponding standard error to assess publication bias.
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1565 Figure 29. Forest plot illustrating the vdiam in effect sizes for studies (solid boxes)

1566 investigating the effect of land use (secondary forest) on insects and other invertebrates
1567 species abundance (MSA). The dotted vertical line represents the linefiéco(MSA

1568 =1) and the diamond indicatiee pooled effect.

1569

This isa draft reviewfor consultationAdditional work is in progress. Please do not quote
this document or any part therein without prior conséiie authors. 77



o
o
S -
- °
* - 5
% " .
® . % 2 °
- .
O 3 0‘ .
e *
© * LA N
.
° .
5 .
L0
T 3
© N7 1
o~ (e ®
& ®
(75 s
o))
o
S .
o
o™~
T - .
o
| | | |
-0.50 0.00 0.50 1.00
MSA

1570
1571 Figure 30. Funnel plot of the meamalysis of mean insects and other invertebrate species

1572 abundance (MSA) for secondary forests. The study outcome (MSA) is plotted against the
1573 corresponding standard error to assess publication bias.
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1577 Figure 31. Forest plot illustrating the variation in effect sizes for studies (solid boxes)
1578 investigating the effect of land use (pastures) on insects and other invertebrates species
1579 abundance (MSA). The dotted vertical line represents the line-effect (MSA = 1) and
1580 the diamond indicate the pooled effect.

1581

This isa draft reviewfor consultationAdditional work is in progress. Please do not quote
this document or any part therein without prior conséiie authors. 79



0.116 0.058 0.000

Standard Error

0173

0.231
|
L ]

i: I I T I T
-0.20 0.00 0.20 040 0.60 0.80

MSA

1582

1583 Figure 32. Funnel plot of the meamalysis of mean insects and other invertebrate species
1584 abundance (MSA) for pastures. The study outcome (MSA) is plotted against the

1585 corresponding standardrer to assess publication bias.
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1590 Figure 33. Forest plot illustrating the variation in effect sizes for studies (solid boxes)
1591 investigating the effect of land use (wood plantations) on insects and other invertebrates
1592 species abundance (MSA). The ddttertical line represents the line of-affect (MSA

1593 =1) and the diamond indicate the pooled effect.
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1596 Figure 34. Funnel plot of the meamalysis of mean insects and other invertebrate species

1597 abundance (MSA) for wood plantations. The study outcomeA)NESplotted against the
1598 corresponding standard error to assess publication bias.
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1602 Figure 35. Forest plot illustrating the variation in effect sizes for studies (solid boxes)

1603 investigating the effect of land use (agroforestry) on insects and otleeteibrates
1604 species abundance (MSA). The dotted vertical line represents the linefiéco(MSA
1605 =1) and the diamond indicate the pooled effect.
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Figure 36. Funnel plot of the mesmalysis of mean insects and other invertebrate species
abundance (MSAfpr agroforestry. The study outcome (MSA) is plotted against the
corresponding standard error to assess publication bias.
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Figure 37. Forest plot illustrating the variation in effect sizes for studies (solid boxes)
investigating the effect of land u§eerennial tree crops) on insects and other

invertebrates species abundance (MSA). The dotted vertical line represents the line of no
effect (MSA = 1) and the diamond indicate the pooled effect.
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1618
1619 Figure 38. Funnel plot of the medaalysis of mean insecand other invertebrate species

1620 abundance (MSA) for perennial tree crops. The study outcome (MSA) is plotted against
1621 the corresponding standard error to assess publication bias.
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1624 A.4 Mammals
1625

1626
1627 Figure 39. Forest plot illustrating the variation in effgzes for studies (solid boxes)

1628 investigating the effect of land use (all types) on mammal species abundance (MSA). The
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