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Abstract in English

Mt. Cameroon is a hotspot of diversity and endemism in Africa. Recent research of avian bird
communities along the elevational gradient on Mt. Cameroon based on point counts has shown
low-elevation plateau of species richness. At the same time,-rasfjeted montane popula-

tions of birds on Mt. Cameroon are unusually abundant if compared to lowland species. | ana-
lysed data on community composition, species richness and abundance of birds using an alter-
native quantitative method200 m of understory mistets erected for three consecutive days
across seven elevational plots along the forested gradient of the Mt. Cameroon. First, | looked
at the technical limits of this method and confirmed the general opinion that they are better at
detecting small birdsddow 33 g, and that they mostly detected fewer individuals after the first
day and always detected fewer new species after the first day efettisiy. Mist nets detected

high proportions of grounteeding and understory birds and low proportions ofddiedaging

in higher strata in the lowland forest, which has a scarce understory and a dense canopy. Mist
nets recorded similar proportions of birds foraging in all forest strata in the vastly open mid
elevation forest, which has a dense herbaceous uodershey detected higher proportions of
canopyforagers in the montane forest, which has a dense understory and an open canopy. Sec-
ond, | looked at the efficiency of migetting in detecting elevational patterns in the ecology

of birds on Mt. Cameroon. gt nets recorded higher species abundances in the montane forest,
and very low abundances or a complete lack of understory and gieeotidg foragers at the

foothill of the mountain. Mishetting data also revealed that the species richness along the
elevational gradient follows a hurmghaped pattern with a malevational peak. Finally, | com-

pared data that were collected by mist nets and point counts and found that point counts are
better than mist nets at assessing species richness and abundancal|yespde lowland

forest where mishets missed a great part of the community. The two methods were equally
good at detecting some ecological patterns: mist nets and point counts recorded similar patterns
of species turnover along the forested gradesnivell as a similar increase of individuals per
species with growing elevation. The two methods also uncovered similar elevational patterns
of community composition i n -iegingmscordedfOspedes bi r
that were completgimissed by point counts. | confirm that the efficiency of both methods is
habitatdependent, and that they should be used simultaneously for the sake of reaching the
most accurate results possible, as each method is a valuable complement to the other.

Keywords: tropical Africa; rainforest; bird community; elevation; rargts; point counts; sea-
sonality; methods
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1 Introduction

1.1 The Altitudinal Gradient of Diversity

The tropics hold the greatest parttlieéwo r | ddés di versity (Klopfer &
et al. 2003) and the factors that influence diversity are both extringach as temperature,
rainfall or productivity (Hawkingt al.2003)1 and intrinsic, driven by biotic interactions and
evolutionary processes (Mittelbaehal.2007). It is, however, challemg to explain what the
underlying factors are, and the complexity of tropical environments per@egksyists to this
day.

Justas the worl dos species richness decline
that it declines with growing altitudes well (Rahbek 1997). Mirroring the latitudinal decline,
the altitudinal decline of species richness has generally been described to occur monotonically,
and unsurprisingly so, as physiological stress is expected to grow with declining temperatures
and sd moisture at higher elevations, resulting in low productivity, which curtails the carrying
capacity of the environment (MacArthur 1972, Terborgh 1977, Stevens 1992). The ubiquity of
such monotonic decline has since been challenged (e.g. Rahbek 1995M2@atn 2005,
2007, 2009A), as the distribution of species richness along elevational gradients on tropical

mountains has been found to be rather complex, following a number of possible patterns:

1. a continuous decrease of richness with growing elevation;

2. high richness across a range of lowland elevations followed by a monotonic de-
crease at higher elevations;

3. a similar lowelevational higkspeciesichness plateau pattern but with a reid-
vational peak, or a unimodal pattern with a continuous increafiearsity toward

the midelevation followed by a monotonic decrease (McCain 2009A).

Tropical mountains are hotspots of diversity (Lomolino 2001) artts lhnave been the
focus group of countless studies aiming to describe patterns in their distritaltinggropical
elevational gradients and pinpoint the drivers that shape that distribution (McArthur 1972,
Terborgh & Weske 1975, Terborgh 1977, Rahbek 1995, Robinson & Terborgh 1995, Blake &
Loiselle 2001, MtaC2019n 2009A, HoS§Kk



Several enviromental factors have been outlined that could shape species distribution
along gradients. Temperature variables, for instance, may be its key dRuetsl88, Reiét
al. 2006, Zuckerbergt al. 2011, Halbritteret al. 2013).Daniel Janzen (196 Qbserved that
temperature variation at single sites along elevational belts on tropical mountains is minute
compared to temperate mountains. Therefore, tropical species would evolve narrower toler-
ances for variances in temperature and weaker acclimatacitas than temperate species,
who are more likely to experience substantial changes in temperatures across their range
throughout the year (Janzen 1967). This led Janzen (1967) to hypothesise, that species living
on tropical mountains should have narerwlevational range sizes, because temperature along
the gradient is not uniform, whereas elevational belts in the tropics have stable temperature
throughout the year. On the other hand, temperature fluctuates at higher elevations in the tropics
as well Adamset al. 1920), thus tropical montane species should have a broader tolerance,
and, as a consequence, a larger range (Stevens 1992 Rrmtp opor t 6 s el evat i
vens 1992), which describes a positive relationship of species range sizexreiddsing alti-
tude. Neither of these hypotheses was thoroughly tested before becoming widely accepted
(McCain 2009B,McCain & Knight 2013, but recent global analyses have challenged both
assumptions: ranges of tropical birds are not necessarily nattemethe ranges of those birds
that inhabit similar elevations on temperate mountains (McCain 2009B) and montane birds in
the tropics do not necessarily inhabit wider ranges than their lowland counterparts (MlcCain
Knight 2013).

Further factors influenng the shape of such altitudinal patterns may include evolu-
tionary history (Kozak & Wiens 2010), space (Ferehal.2016 see beloy habitat structure
( Ho $t&lk2019 see belofor f or est aRiveroef ab20h6)andnmemy diatic
processe (McCain 2009A).

Another generally accepted trend in ecology has been found to be violated in avian as-
sembles of tropical montane forests: the positivespecific relationship between range sizes
and abundance (da.4d999S ek elro®iRiey A0y, Keifet al. 2006,

Ho Se& &l 2010 etal2p16,12@12, Bjomo Nanet al. 2014, Ferenet al.2016). The
positive abundanemnge size relationship is pervasive in the temperate zone (Brown 1984,

Gastoret al. 200Q Blackhurn & Gaston 2006 and it may be shaped by resource use and avail-

ability (Brown 1984), ¢i3al.199M @& byshpiedspesaBowny i t a l

et al.1996. On the contrary, the negative abundaragge size relationship has been psgzb
to be shaped by three factors which may act synergistically on tropical mountains:

o



1. Density compensation facilitated by a competitive release due to a decrease in spe-
cies richness at higher altitudes (MacArthur 1972). As species richness declines at
higher elevation, the free ecological space may be filled by more individuals of
montanepopulations

2. A long-term eco climatic stability enabling narrow ecological specialization which
mediates high local abundanc&efif et al.2006,F j e letcls2612). This hypoth-
esis assumes that montane species are more specialized than their lowland conge-
ners.

3. The presence of an extinction filter that targets unabundant species selects for a high
abundance of species with locally and geographically small r§dg#sms et al.

2009), since such species with low population densities are more likely to go extinct
(Schaffer 1981Ferencet al.2016).

The majority of studies that aim to disentangle the processes that drive the diversity and
abundance of birds algraltitudinal gradients on tropical mountains have been conducted in
South America, which is not surprising consi
richest (attaet al. 2011). There is, on the other hand, a great gap in knowledge alesd th
processes taking place in the similarly diverse Afromontane avifaunal assemblagesdluut see
Ryanetal.1 999, Sekerciojlu & Riley 2005). Under s
drive macroecological processes on a global scale, in ordetr ¢toger to a unifying theory of
biodiversity, requires thorough surveying across a range of various environments.

A series of recent studies about the abonntioned patterns in avian species richness
and abundance have been conducted in the foresterGammountains(Reif et al. 2006,
Ferencetal.2 0 1 6 , etHlo2818)kReifet al.(2006) recorded an unusually high abundance
of montane speciga Bamenda Highlands, a part of Cameroon mountawhgreas Ferenet
al. (2016) studied avian communitiakong the elevational gradient of the entire primary forest
on the southern slope dit. Cameroonand found a negative (albeit nsignificant) abun-
dancer ange si ze relationship along thetantire
(2019) exploredhe relationship between vegetation and avian species richness along the ele-
vational gradient of the primary forest on Mt. Cameroon. They found that species richness
peaked belowthemid | evati on and decetalé2818)dAll thdsetsrdiesa f t e r
used one surveying method, point counts (Bibbal.2000).



1.2 Methods of Bird Assessment: Point Counts ldist Nets

The pointcounting method (Bibbet al. 2000) is currently the most common bsdrveying
method and is suggested gurveys in areas with dense vegetation and high species richness
(Martin et al.2017). During point counts, ornithologists follow a transetpoints, wherghey
document the heard and observed bivithin a fixed distance radisee Materials and meth-
ods for details). Point counts are generally considered the best method do assess bird species
richness, abundance and population trends (Gram & Faaborg 1997, Weitahdr997, Blake
& Loiselle 2000, 2001, Wang & Finch 2002, Derlindati & Caziani 2005).all surveying
methods, the point counting method has its disadvantages. Perhaps its most pronounced draw-
back is its absolute reliance upon the obser
ability of the assessed birds. Unskilled ornithostgimay miss a lot of species which are un-
known to them or misidentify thenThe ability to detect species may vary substantially be-
tween observerdR@ppoleet al. 1998, Nicholset al. 2000) Sedentary, quiet or otherwise se-
cretive birds are often missed by point couhlsw acoustic sampling methods are under de-
vel opmentetd.Zax).|l 8| ek

A method that has been suggested as a vital complement to point counts is-the mist
netting methodTerborghet al. 1990,Ralph & Dunn 2004 The combination of both methods
is believed to provide the best results during bird community assesafatin@net al. 1997,
Blake & Loiselle 2001). Mishetting avoids observer bias (Wang & Finch 2002) andagem
efficient at detecting secretive species than point cowidldceet al. 1996, Gram & Faaborg
1997, Rappolet al 1998 Blake & Loiselle 2001, Wang & Finch 2003specially in areas
with dense understory (Martet al. 2017). In speciegpoor areas, mistetting has even been
dubbed equally good in estimating species abundances as point counts (Wang & Finch 2002,
Estadest al. 2006). But Mt. Cameroon is not specj@sor, and interpreting relative abun-
dances from mishettingdata is affected by a number of factav&atArthur and MacArthur
1974), leading some authors to believe that this method is unfit for studying relative abundances
and that mishetting data solely represent bird activity (Remsen & Good 1996). Clearly, mis
netting overestimates highly active understory birds, and misses large, sedentary or canopy
birds in forests with tall and structured vegetation (Blake & Loiselle 2001, M#rah2017).
But several authors argued that mmstting is very efficienti sampling bird communities in
forests with lower canopy and dense vegetation cover near the ground (Terborgh 1977, Martin
et al. 2017). Therefore, tropical mountains with structurally complex forests along their eleva-
tional gradient invite a combinatiorf these methods to be used during avian community



assessments. Mt. Cameroon certainly is such a mountain, with its highly structured vertical
stratification and tall canopy in the lowland forest, vast open areas with dense vegetation cover
near the grounah the middle elevation forest, and a montane forest with fairly tall canopy but
denser understory than the lowland fo@sbctoret al.2007. Djomo Nanat al.2015)

1.3 Aims of Study

In my thesis, | aim to assebsd communitydata collecteclong the elevational gradient of
the rainforest o Mt. Cameroon between the years 2011 and 2017 using mist nets. | aim to
pinpoint the strengths and weaknesses of-masting during the dry season on Mt. Cameroon,
including the extent in tich mistnetting successfully recorded the avifaunal community
known to occur along the forested gradient of Mt. CamerBarther, | aim to assebsw the
results of misietting diffeedbetween various elevations and forest types, and, where possi-
ble, identify the differences in the outcome of migtting during the dry and rainy season.
Moreover, | aim to identify thenorphologicaland behavioural characteristicstnfd species
that may boost or hinder their detectabibgymistnetting and compatée results witlthe few
similar studies that have been conducted 1in
Most importantly, however, the aim of this work is to describe the general ecological
patterns observed by migetting along the forested altitudingradient of Mt. Cameroon dur-
ing the dry season. | intend to do so with particular focus on bird activity, species diversity and
abundance of the avian assemblages along the gradient. This also includes a description of the
community composition of aviaassemblages in respect to their trophic guilds.
Finally, I include a comparison analysis of the outcomes of meiting with the results

of pointcounting.



2 Materials & Methods
2.1 Study site

The study was conducted along the sewm#st slope oMt. Cameroon (SouthVest Province,
Cameroon, West Africa). The mountah A1 0 6 2 0 N) is ad Adlive Gokdino Eth a
peak at 4095 m above sea level (a.s.l.), located on the Atlantic coast of the Gulf of Guinea,
representing the highest peak of then@aoon Volcanic Lingand the highest mountain of the
centralwest Africa(Fig. 1). It has a persistent cloud cover and perhumid climate (Fadrage
2005). The highlands of the Cameroon Volcanic Line are an important hotspot of diversity
(Grahamet al.2005), andMt. Cameroon is recognized as part of the most unique areas of bird
endemism in Africa (Fishpo@ Evans 2001)With its height and position, the thermally very
stable and wet mountaia a clearly defined and isolated geographical unit withiBpevi-

fauna (Grahanet al.2005), including two strictly endemic speciEsancolinus camerunensis
andSpeirops melanocephalusnd ten endemic subspecies (Gill & Donsker 2014).

The southwest slope is distinctive in comparison to tharounding lowlands in that it is
largely covered by tropical foredtdrencet al.2016. Its foothill is covered by plantations or
secondangrowth forests. The structurally heterogenous BirBnaadikomboCommunity
Forest, with its area of 3,735 heovers about 120 km of coastal forests, mangroves and
freshwater swamp fore@Eerencet al.2018).This is where our lowest study plot is located, at
ca. 30 m a.s.l., standing a little bit apart from the main massif of Mt. Camg@figpr2).

The secondy forest further transforms intoaistineprimary oldgrowth forest above 300 m
a.s.l.,which isprotected by the Mount Cameroon National Park (MCNP). The primary lowland
forest consists of tall vegetationp(to 48m), with sparse understory and closethopy. @ps

in the canopy are, however, frequatiove 600 m a.s.l. (Proctet al. 2007) Two sampling
plots were established in the primary lowland forest at 350 and 650 m a.s.I.

The midelevation forest spans between ca 900 to 1600 m a.s.l. Thss figpe is patchy and
degradediue to disturbance caused by the African forest elepharbflonta cyclotis in con-

trast with the closedanopy lowland forest, the miglevation forest has characteristiast
openareasich in shrubs and herbshich are dense due to high solar radia(ibangeet al.
2005, Djomo Nanaet al.2015. Trees in this forest type are still tall (up to 43 m). Two sampling

plots were established in the rretevation forest, one 4100 ma.s.l.and oneat 1500 ma.s.l.



near Crater Lake, which is an essenti al sour
driest season.

The montane forest spans from about 1600 m a.s.l. to about 2300 m a.s.l., and exhibits frequent
mists.Tree ferns and stranglirgheffleraare typical for this forest, as well as the lackarias

and buttressingvhich areypical for the lowland areas (Proctet al.2007).Trees in the mon-

tane forest are tall (up to 45 m) and the canopy is relatively @perongoing volcanic éwity

causes an abrupt timberline between 2200 and 238&.mTwo sampling plots were estab-

lished in the montane forest, one at 1800 m a.s.l. and one at 2200 m a.s.l.

Mt. Cameroon -

o~
it

@ 400 _—— "\

Fig. 1 Map of the study area with the position of our six elevational study plots within the Mount Cam-
eroon National Park, marked by black triangles. The inset depicts the position of our study area within
the Cameroon volcanic line indicated by the dashedTiaken from Ferenet al.(2016).
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Fig. 2Map of the study area with the position of our three elevational study plots in the lowland of Mt.
Cameroon. Courtesy of Michal Ferenc (unpublished).

2.2 Sampling Methods

Mist-Netting

Bird communities were sampled between 2011 and 2017 mainly during the dry season (
NovembesMarch) but some plots were sampled during the peak rainy season (Ssgpism-

ber) as well. Sampling was conducted in seven plots spanning seven forested ele@tions (
350, 650, 1100, 1500, 08, 2200 m a.s.l., Table 1) using standard mist nets (Ecotone Poland)
with 5 shelves. The nets were 2.5 m tall and 12 m (15 nets) or 10 m (2 nets) long, with a 16x16
mm mesh size. The nets were placed in the forest undergroaie 200 m long rowstraight,

if possiblei and were continuously open between 6 a.m. and 6 p.m. for three consecutive days
(referred netasnigonhermo$t dur i nDecemieeandlFely s e a s
ruary-March). This, however, proved imggible during the rainy season (Aug&&ptember)

due to frequent interruptions by rain causing the team to immediately close the nets. For this
reason, only data collected during the dry season were included in my main analyses, and data
collected duringhe rainy season were only used for comparisons in activity, species richness
and abundance measurements. The mist nets were checked every 60 minutes under suitable
weather conditions. All captured individuals were identified, sexed, measured, weighted and
banded with SAFRING aluminium bands. Birds recaptured during the same term-oktnist

ting were not included in the analyses. In order to minimize the effect of a greater sampling
effort at 350, 650 and 2200 a&s.l.(i.e. more than one mistetting term)the elevational abun-

dances of the recorded species were averaged by the number of surveying terms per plot. Rel-
ative abundance of a given species was calculated by averaging the sum of its elevational



abundances by the number of plots in which the spatés recorded (following Fereetal.
2016). The number of species recorded per pl
of el evational abundances i-rsetrtedcerirredi viod wal

Point Counts

Bird communitieswvere sampled between 2011 and 2013 during the dry season (November
December) in the same plots as mmstting, with the exception of 30 m a.s.l. (see Table 1),
using a standardized poiobunt method (Bibbt al. 2000). Birds were recorded between 6
and10 a.m. along a ca. 2.4 km transect over the course of three days. The transect comprised
of 16 points with a 50 m radius, located at least 150 m apart to minimize the risk of counting
the same individuals multiple times. To avoid daytime bias, the ofdsints was changed

during each visit. During each visit, the birds were recordednmnbite intervals. The maxi-

mum number of individuals per species recorded during any of theseude intervals was
recorded as the speci eanithadum acdossralt k5 platg asitsh e ¢
elevational abundance. Seen and heard individuals were equally included in the dataset. Rela-
tive abundance of a given species was calculated by averaging the sum its of elevational abun-
dances by the number of platswhich the species was detected.

Random Walks

Species spotted or heard during random walks on Mt. Cameroon were recorded for each eleva-

tion and are fur tlhiesrt erdedf esrpreecdi eteso. as fAcheck



Table 1 Summaryof study sites with plot elevation (in as.l.), common plot name, forest tyg
number ofnettingterms per season per plot, month and yeaunfeying and no. of pointount
terms coducted per plot on Mt. Cameroon

No. of mist- No. of
Elevation Plotname Foresttype nettingterms Ao point
perseason andyear counting
(dry / rainy) terms
Bimbia- Lowland
30m Bonadikombo (Secondary) 1/0 Dec. 2015 1
Nov. 2011
Bamboo Lowland Feb. 2012
350m Camp (Primary) &l Sep. 2013 1
Nov. 2013
Mar. 2012
Drinking Lowland Nov. 2013
650 m Garri (Primary) 4/0 Dec. 2014 1
Nov. 2015
Planti . Nov. 2012
1100 m Camp Middle 1/1 Sep. 2014 1
1500 m Crater Middle 1/0 Nov. 2011 1
Lake
1800 m = Sl Montane 1/0 Nov. 2012 1
Camp
Mann's Nov. 2011
2200 m Spring Montane 212 Aug. 2017 1
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2.3 Taxonomy, Trophic Guilds and Stratum Preferences

The taxonomy in this study follows the Birds of West Africa (Borrow & De2@34). Species
were further divided into trophic guilds based on their dietary preferences: insectivores, fru-
givores,nectarivoresgranivores, carnivores. KingfislsAlcediniidae) are listed as a separate
guild. Waterbirds were excluded from our dataG&ven the great diversity of insectivores on
Mt. Cameroon, they were further divided into groups of specialists based on the substrate they
acquire their food from:

1. foliage-gleaning insectivores (FGIs), who forage by gleaning leaves and twigs

2. groundsearching insectivores (GSls), who search for and collect insects on the

ground

3. aerial/flycatching insectivores (AFIs), who forage for flying insects

4. bark-probing insectivores (BPIs), who search for insects in tree trunks
All birds weredivided into groups based on their preferred foraging stratum: fiboest un-
derstory, suitanopy and canopy (Fig. 3). The data on species ecology were taken from The
Birds of Africa (Fryet al.19822004).

40m
Canopy
Sub-Canopy
| \ Understory
om | Forest Floor

Fig. 3In illustration of the lowland foresit ca. 600 m a.s.l. on Mt. Cameroon, taken from Prettak.
(2007) and edited. The axis on the right marks t

fauna: forest floor, understory, seanopy and canopy.

11



2.4 Statistical Analyses

All statistical analyses were performed in RStuRi€oreTeam 2019). Shapiro normality tests

were used to test for normality and Fligner tests to test for homoscedasticity. | ugeslaon

metric KruskalWallis and Wilcoxon tests to test for differences ie tiutcomes and shert

fallings of mistnetting and/or point counts. Pdsbc Dunn tests with Bonferroni corrections

were used where necessar \etau20i9niversity encludiagc k a g e
rarefaction curves, betdiversity estimatesusinpaccar dés i ndex of dissi
estimates using Simpsonds index of diversity
etal.2019). Ranknbundance curves were drawn using th
lenberg 2018).

To draw raefaction curves from the overall misetting data (i.emy main analysisl
used data with the largest sample size for elevational plots with more than omethimst
term, as they can only be drawn using whole numbers, a condition that cannot beemet wh
using averaged data from a number of mistting terms.

For the comparisons of misetting and point counts, | only used data collected during
surveying terms conducted at the same time in each elevational plot. To compare the results on
bird detedbn by either of the method, | calculated the capture rate (CR) of each bird recorded
by mistnetting, expressed as 1 misttted bird per 1000 metbours (mh), and poirtount
density(PCD)of each counted bird, expressed as 1 poininted bird per 10a{Table 2) The
resulting graphs were created usinglusedhe pac

Spearmandéds correlation coefficient to measur

12



3 Results

3.1 The Practical Limits of MisiNetting
3.1.1Variability in Bird Detection Across Space and Time

The number of individuals captured during one miting term varied between 47 (Bimbia
Bonadikombo site, 30 m a.s.l.) and 182 individuals (Crater Lake site, 1500 m a.s.l.; Fig. 4A).

The maximum atchi 243 individuals was r eached at Mannds Spring
to a higher sampling effort at this s{taore mistnetting terms)the total number of individuals

captured at this elevation was averaged by the number ohetistg terms and is, therefore,

lower (Fig. 4A). Total abundances generally grew toward the higher elevations (Fig. 4A). Sig-
nificantly fewer individuals were ist-netted each day in the lowland forest (up to 650 m a.s.l.)

than in the mieelevation (1100 and 1500 m a.s.l.; pbet Dunn test, Z =2.711, P unadjusted

= 0.0067, P adjusted = 0.013) and montane forest (1800 and 2200 m a.stlggbsinn test,

Z=-3.119, P unadjusted = 0.0018, P adjusted = @)005

The number of species detected during one-neging term varied between 15 (Bimiia-
nadikombo site, 30 m a.s.l.) and 34 species (Planti Camp site, 1100 m a.s.l.). The general trend
was humpshaped \th a midelevation peak (Fig. 4B). The number of species recorded each
day was higher in the mieklevation forest than in the lowland and montane forest, but the
difference was not significant (Krusk@fallis, ¢>= 5.36, d.f. = 2, P = 0.068)

Overall, more birds were caught during the first day than during the second or third day (Fig.
5A), but patterns differed between forest types (see below). The number of new species rec-
orded per day was significantly higher during the first day of-nmeg¢ing than on any other day

in all plots (Kruskalwallis, ¢ = 24.48,d.f. = 2, P < 0.001; Fig. 5, but the difference in the
number of species detected in the first day did not differ significantly among forest types (Krus-
kal-Wallis, = 5.36, d.f. = 2, P 0.069). The second and third msitting day added signifi-

cantly less new species to the dataset than the first day (K\vskis$, °= 24.48,d.f. =2, P

< 0.001; Fig. 5B).

13
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The Lowland Forest

Together, we recorded 148 bird species (checklist) in the lowland forest. Out of these species,
52 were misihetted, 37 of them were exclusively in this forest type. The mean number-of mist
netted individuals in the lowland forest reached its peak dunmgécond day of mistetting

(Fig. 6A), but betweeilay differences in catch numbers were not significant (KreMkallis,
&¢=2.42,d.f. = 2P > 0.2). The number of previously unrecorded species declined with each
passing day, but new, previously uroated species kept being recorded (Kruiallis, ¢ =
13.22,d.f. =2, P =0.001; Fig. 6B).

Bimbia-Bondikombo site, 30 m a.s.I.

Over the course of three days, 47 individuals of a total of 15 species were recorded at 30 m
a.s.l. (12.93% of the 116 chetikted species for this elevation). This site was far the poorest

in the number of mishetted individuals of all elevational plotdlore individuals were caught
during the second day of misetting than the previous or following day (Fig. 7A), while the

number of previously unrecorded species detected declined with each passing day (Fig. 7B).

Bamboo Camp site, 350 m a.s.l.

A total of three terms of mistetting were conducted at 350 m a.s.l. On average, 85.65 individ-
uals of 20.33 species (16.80% of the 121 cHest&d species for this elevation) were recorded
there over the course of three days (Fig. 4A, B). Overall, thebau of recorded individuals

and previously unrecorded species at this plot declined with each passing day (Fig. 7A, B).

Drinking Garri site, 650 m a.s.l.

A total of four terms of mishetting were conducted at 650 m a.s.l. On average, 69 individuals
of 24.25 species (19.25% of the 126 chésted species for this elevation) were recorded there
over the course of three days (Fig. 4A, B). More individuals weremeise¢d during the second
day than during the first or the third day (Fig. 7A). With theegtion of one term, the number

of previously unrecorded species declined with each day (Fig. 7B).
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The Mid-Elevation Forest

Together, we recorded 1dird species (checklist) in the malevation forest. Out of these
species, 47 were misetted, 21 exclusively in this forest type. More individuals were recorded
during the first day of each misetting term than during the second or third day (Fig), 8A
albeit not significantly sgprobably due to a low sample sigauskatWallis, 2= 3.43, d.f. =

2, P=0.18 Fig. 8A), and the second and third day added significantly less species into our
dataset than the first day, again withetatistical significance due to a low sample siZe=(
3.53,d.f. =2, P=0.17; Fig. 8B).

Planti Camp site, 1100 m a.s.l.

A total of 133 individuals and 34 speci€&®.09% of the 1B checklisted species for this ele-
vation) were recorded at 1100 m k.ever the course of three days (Fig. 4A, B). Most birds
were mistnetted on the first day, but more were captured during the third than during the second

day, and the same holds true for new species per day at this elevation (Fig. 9A, B).

Crater Lake site, 1500 m a.s.l.

A total of 182 individuals and 31 species (42.47% of the 73 elistekl species for this eleva-

tion) were recorded at 1500 m a.s.l. over the course of three days (Fig. 4A, B). The number of
mist-netted individuals and new species declingth each passing day (Fig. 9A, B).
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The Montane Forest

Together, weobserved’2 bird species (checklist) in the montane forest. Out of these species,
33 were detected by mist nets, 12 exclusively in this forest type-néishg detected more
individuals during the first day than during the second or third aidlyough the diffeence is

not statistically significantKruskatWallis, = 5.42, d.f. = 2, P = 0.06&ig. 10A), probably

due to a low sample siz&lumbers of new species per day declined with each passing day
(KruskakWallis, 6= 6.60, d.f. = 2, P = 0.036%g. 10B).

Elephant Camp site, 1800 m a.s.l.
A total of 174 individuals of 25 species (41.67% of the 60 ctistdd species for this eleva-

tion) were recorded at this elevation over the course of three days. The most individuals were
netted on day one and theast on day two (Fig. 11A), while species numbers declined with
each day (Fig. 11B).

Manndés Spring site, 2200 m a.s. |
An average of 176.5 individuals of 22 species (45.83% of the 48 specieslishextkor this

elevation) were recorded at this elevatiover two terms, three days each. The numbers of

individuals and new species declined with each passing day (Fig. 11A, B).
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3.1.2TheEffect of Season on Midtletting Success

Altogether, fewer individuals were detected by mist nets during the rainy season (mean catch
per term = 77) than during the dry season (mean catch per term = 109.54; Fig. 12A), but the
difference was not statistically significant, possibly due to the ssaalple (KruskalWallis,

¢ =0.82, d.f. =1, P > 0.2). The number of species detected during the dry season in each plot
(mean = 23.66) was similar to the number of species detected during the rainy season (mean =
22.25; Fig 12B)Threespecies were onlyistnetted during the rainy seas@innyris chloro-

pygius(at the Bamboo Camp site, 350 m a.sSagxicolatorquat§ at Mannbdés Spring

m a.s.l.) Serinus burtonf at t he Mannés Spring site, 2200 n

The Lowland Forest

Mist-nettingduring the rainy season was conducted in one term in the lowland foréisg at
Bamboo Camp sit860 m a.s.). Fewer individuals (n = 47) and species (n = 17) were detected
here during the rainy season than during the dry season (n otdualsi= 64, n of species =
24 Fig 12A, B).

The Mid-Elevation Forest

Mist-nettingduringthe rainy season was conducted in one term in thestaidation forest, at
the Planti Camp sitel {00 m a.s.). Fewer individuals were mistetted in this plot durmthe
rainy season (a total of 106) than wdtgingthe dry season (a total of 133; Fig. 12A), yet the

number of species detected was equal in both seasons at this elevation (a total of 34; Fig. 12B).

The Montane Forest

Mist-nettingduringthe rainy season was conducted in two terms in the montane forbst, at
Manno6s S R200 mas.). On dveragd, migtetting in this plot detected fewer individ-
uals (mean = 77) and species (mean = 19) during the rainy season than duringsdasainy
(mean of individuals = 176.5, mean of species = 22; Fig. 12A, B).
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3.1.3The Weight of MistNetted Birds

Of the 24 species recorded in our checklist, 113 species are small birds (<30 g), 70 species are
mediumsized birds (3670 g) andb9 species are large birds (>70 g, see Appendix). In total, we
recorded 92 species using the mmstting method throughout all misttting terms and across

all plots on Mt. Cameroon. Sixty of them were small, which represents 65.2% of atletiexd
species, 53.1% of chedisted small species and 75.5% of all mstted individuals. Twenty

six species were mediusized, which represgs 28.3% of all mishetted species, 37.1% of
checklisted mediurrsized species and 24.72% of all rmstted individuals. Only 6 misgtet-

ted species belonged to large birds, representing 6.52% of alhetist species, 10/®% of

checklisted large spaes and 0.78% of all mistetted individuals.

The mean weight ahist-netted speciesasca.33 g. This weight is significantly lower if com-
pared to the mean weight of the species missed byneithg,ca.205 g (KruskatWallis, ¢2=

27.27 d.f. = 1, P < 0.001; Fig. 13). Only four species with mean size over 80 g were mist
netted:Accipiter tadiro (347.1 g) Aplopelia larvata(139.35 g) Picathartes orea$225 g) and

Turtur brehmeri(122.5 g). Removing these species from the measurement resulted in a reduc-
tion of the mean weight of mistetted species ta.25 g.

The mean relative abundanafeall small mistnetted birds (10.79 individuals per species) was
higher than the mean relative abundance of all medized mistnetted birds (8.26 individuals
per species) or large misetted birds (1.14 individuals per species) birds. The differease
only significant between the relative abundance of small and largenetist species (Dunn
test, Z =-2.736, P. unadisted= 0.006, P. adjsted= 0.018).

27



10

©
S
8 0 |
w |
o |
(@] 1
d |
— |
c |
D © I o
%’ ! 0
w -1
Q0 I
8 |
o Y 7 :
n
cC
®
GJ T
= l
N — | !
_
| [
Undetected Mist-netted

Fig. 13Mean weight (presented in log scale to minimize skewness) of the-litieckspecies divided
into bird that remained undetected (left) or were detected byneist(right). The thick line marks the
median.

28



3.1.4Flocking Behaviour of MisiNetted Birds

The species composition of the whole bird commuait Mt. Cameroomoesnot differ con-
siderably from the communities recorded by mist netting in respect to flocking behaviour. The
majority (n = 1®) of checklisted species are solitary birds (%), 47 species form flocks
facultatively (194%), and 35 species form flocks @ft and regularly (18%). Out of the 92
mistnetted species, 64 speciage solitary (69.6%), 21 species form flocks facultatively
(22.8%) and 7 species (7.6%) do so often.

This pattern holds true also for the overall proportions of-mestied individuad (Fig. 14). The
majority of mistnetted individuals belonged to solitary species (63.4%), followed by faculta-
tively flocking species (18.8%) and only a small proportion ofmétted individuals belonged

to flocking species (17.7%). However, the meamalance of species which often form flocks

was the highest (5.99 individuals per species) if compared to the abundancesragti®dst
solitary species and facultatively flocking species (2.80 and 2.96 individuals per species respec-

tively).

60
|

40

Total no. of individuals per species detected
20
|

—_—
-

T I I
Solitary Flocking Sometimes Flocking Often

Fig. 14 The elative abundance all misetted individuals per species divided into three groups based
on their probability of forming flocks: solitary (never form flocks), flocking sometimes and flocking

often. The thick line marks the median.
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3.1.5Foraging Stratumréferences of MisNetted Birds

Overall, mist nets detected 24 species of forest floor foragers, 32 understory foragers, 23 sub
canopy foragers, 12 species that prefer foraging in the canopy, and 1 species with no stratum

preferences.

The species composition of birds in respect topilederred foraging strata changed along the
elevation (Fig. 15). In the lowland rainforest, we caught mainly birds belonging to-fiokast

and understory foragers (Fig. 15), with occasional captures of birds with preferences for forag-
ing in higher strataln the midelevation forest, bird species from all four foraging strata were
similarly represented in our migsetting samples (Fig. 15). Interestingly, canopy foragers were
the most frequent group of birds caught in the montane forest, if compares renthining

three groups. In summary, the bird species preferring lower strata of the rainforest prevailed in
the mistnets at lower elevations, whereas the proportion of canopy foragers increased in our

mistnets with elevation.
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Fig. 15Proportions of mishetted individuals based on their foraging stratum preferences in each forest

type.
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3.2 Ecological Patterns Detected by Mwstting
3.2.1 Daily Activity Across the Elevational Gradient

Overall, the daily activity of birds on Mt. Cameroon was higher in the morning than it was in
the afternoon. More birds were migttted in the morning than in the afternoon at each eleva-
tional plot (Kruskalwallis, ¢>=6.81, d.f. = 1, P = 0.009, Fig. 1d@}here are, however, substan-
tial differences in the activity patterns betwdba three forest typebetween elevatiorsnd

between seasons.

The Lowland Forest

Surprisingly, the activity of birds evaluated by the number of catches was moghiest in the
early morning (68 a.m.) in this forest type, but peaked betwed® &.m.

Bimbia-Bonadikombo site, 30 m a.s.l.

Mean activity of birds in this plot was low in the early morning, peaked betw&éra8n. and
decreased rapidly for the resttbe day. Almost no birds were captuilate in the afternoon
during 46 p.m (Fig. 17A).

Bamboo Camp site, 350 m a.s.l.

Mean activity of birds at this elevation was low in the early morning, peaked betwHgn 8
a.m., dropped slightly between 10 a+i.2 p.m., and then reached the-d#ly minimum be-
tween 122 p.m. Activity slightly increased betweem2p.m., but then dropped again during
the last two hours of mistetting (Fig. 17B).

Drinking Garri site, 650 m a.s.l.
Mean activity of birds at this elevation wagainlow in the early morning, peaked between 8
10 a.m., then continually decreased in the following hours. It dropped to-theyathinimum

between 24 p.m. but slightly increased again betweehgtm. (Fig.17C).
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33



The Mid-Elevation Forest

Birds in the midelevation forest were active from the early morning hours. Mean activity was
higher in thanorning than in the afternoon, but it peaked betweérp2n. The birds were the

leastactive between 12 p.m. and 46 p.m.

Planti Camp site, 1100 m a.s.l.

Peak activity was reached in the early morning and continuously declined until it reached the
all-day minimum between 12 p.m. Activity in the afternoon was slightly higher betweeh 2

p.m. (Fig. 18A)

Crater Lake site, 1500 m a.s.l.

Mean activity was the highest in the morning, with the morning peak betw#@radn., and
kept declining until ireached the minimum between23.m. The overall peakoweverwas
reached betweenf£p.m, followed by a steep decline in the last two hours of-masting(Fig.
18B).
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The Montane Forest

The overall activity in the montane forest was highehe morning but no clear pattern has
been found for the two montane elevational plots (Fig. ¢ increase and declineaantivity

were continuous prior to and past reaching the peak.

Elephant Camp site, 1800 m a.s.l.

Mean activity at 1800 m a.s.l. peaked betwed®&.m., then declined, increased again in the
early afternoon, then reached theddly minimum between-2 pm. and remained low until 6
p.m. (Fig. 19A).

Manndés Spring site, 2200 m a.s. |

Mean activity at 2200 m a.s.l. was continuously increasing from the early morning. A steep
increase in activity formed the peak between 10 aifi.p.m. Activity then declinedontinu-
ously until the end of the day (Fig. 19B).
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3.22 Inter-Seasonal Differences in Daily Activity

The Lowland Forest

We have collected data from the dry and rainy season at the Bamboo Camp site, 350 m a.s.|.
The number of bird catches per two hours at 350 m a.s.l. was higher during the dry season
(min. = 2.44, max. = 7.67, mean = 4.76 birds per two hours) than during the rainy season
(min. = 0.67, max. = 4.67, mean = 2.67 birds per two hours; Wilceagdasum test, W = 658,

P =0.024, Fig. 20A). The activity of birds during the day followed a similar pattern during both
seasons, with a shift in peak activity toward later hours during the rainy season (Fig. 20A)

The Mid-Elevation Forest

The minimumnunber of birds caughper two hours at 1100 m a.s.l. was equal between the
seasons (4 birds per two hours), while the maximum and mean catch were higher during the
dry season (max. = 11.67, mean = 7.39 birds per two hours) than during the rainyrs@ason (
=7.33 andnean =5.89 bird per two hours), although the difference is not statistically signifi-
cant (Wilcoxon ranksum test, W = 179, P > 0.2, Fig. 20B). Bird activity was slightly higher in

the afternoon during the rainy season (Fig. 20B)

The Montane Forest

The numberof birds caughtat 2200 m a.s.l. was higher during the dry season (min. = 3.67,
max. = 18.50, mean = 9.81 birds per two hours) than during the rainy season (min. = 0, max. =
7.67, mean = 4.28 birds per two hours; Wilcoxon rank testW = 884, P = 0.007, Fig. 20C).

The activity of birds peaked during the later morning hours during both dry and rainy season in

the montane forest (Fig. 20C).
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3.23 Diversity and Abundance of Birds Across the Elevations

Species richness of birds along the rainforest gradient on Mt. Cameroon recordedst-mist

ting revealeda humpshaped pattern with the highest values recorded in thelexation for-

est (Fig. 4B). The total number of individuals recorded per-natiing session grew with ele-

vation (Fig. 4A). The number of individuals recorded per species also grew with elevation (Fig.

21, 22). Rankabundance curves show that the evenness of the bird community was the highest

in the midelevation forest, whereas thererevdew very abundant bird species caught both in

the | owland and montane forest (Fig. 23) . T
shows a humyshaped patteri it grew with elevation, reached its maximum at 1500 m a.s.l.

and declined for the two gfinest elevations in montane for@sig. 25).

The rarefaction curves show that three days of-masiing sampled only a part of the bird
communityand alditional catches were likely to add new species in each ele&ign24).

The highest probabilitgf adding new species was at the +aldvation forest, as the rarefaction
curves at 1100 and 1500 m a.s.l. are the steepest. A similar pattern was observed in the higher
altitude of the lowland forest, but the total number of captured individuals wasowerthere

(Fig. 24).Rarefaction curves are much flatter in the montane forest, showing that more catches
do not add many new species and that a higher proportion of the avian community has been
sampled (Fig. 24)0On the other handhé plots in the lowdslevations (30 and 350 m a.s.l.)
displayrelatively steep and short rarefaction curves, showing that only a very small proportion

of the bird community has been sampled (Fig. 24).
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The Lowland Forest

On average3.40 individuals per species were mgtted in the lowland forest (Fig. 21): 3.13

at 30 m a.s.l., 4.20 at 350 m a.s.l. and 2.87 at 650 m a.s.l. (Fig. 22). Species evenness (Fig. 23),
as well as the species richness (Fig. 24) of birds recorded byetisg was the lowest at 30

m a.s.l. and it grew with elevation within the lowland forest.

The Mid-Elevation Forest

On average, 4.92 individuals per species were-nated in the migklevation forest (Fig. 21):
3.97 at 1100 m a.s.l. and 5.87 at 1500 sxl.gFig. 22). Species evenness (Fig. 23) and species
richness (Fig. 24) recorded by misttting was the highest in this type of forest, but while

species evenness grew with elevation in the-eegration forest, species richness declined.

The Montane Forest

On average, 7.67 individuals per species were-na@ted in this forest type (Fig. 21): 6.96 at

1800 m a.s.l. and 8.02 at 2200 m a.s.l. (Fig. 22). Species evenness was similar in the two ele-
vations (Fig. 23), whereas species richness was highHe&0&t m a.s.l. than at 2200 m a.s.l.
according to the mistetting data (Fig. 24).

Beta-Diversity Along the Elevational Gradient

Betadiversity( J a ¢ ¢ a r caicslated frameour pverall mistetting data was the highest
between 30 and 350 m a.s.l., and in the transition zone of the lowland aetewaton forest,

i.e. between the plots at 650 and 1100 m a.s.l. (Fig. 26). It was still relatively high between
1100 and 1500 m a.s.l. On the other hand, relatively lowdiegasityof bird communitiehas

been found between within particular forest types, i.e. between the plots at 350 and 650 m a.s.l.,
between the plots at 1500 and 1800 m a.s.l. and betweerth@pl 800 and 2200 m a.s.l.

42



0 B 30m
S ] B 350m
B 650m
o = 1100m
g — BE 1500 m
8 O 1800m
G @ 2200m
2 w
ERR
<
()
2
T 2 ]
gF S
1]
o
=
o S
2 | T | T |
0 10 20 30 40

Fig. 23 Rankabundance curves per plot. Flatter curves point at higher species evenness, i.e. evenness

in species abundance per plot.

30
l

\
\

Species
\R

15
\

30m
350 m
650 m
1100 m
1500 m
1800 m
2200 m

JABRE0O0ON

I I I I
0 50 100 150 200

Sample Size
Fig.24Rar ef action curves per plot. The proximity of
cess of species sampling, i.e. if any curve reaches the asymptote, the entire community is sampled, and
netting more individuals will not result in any additibnaw species detections. The vertical line marks

the smallest reached sample size. The horizontal lines mark the number of species sampled at the time

when the smallest sample size was reached at a given plot.

43



o]

< /

o) —

o 60
2
? o
g °
© o}
b - ©
Q o
©
£
2 3
o o
o
Q
E o
w 0 -

o

<

oo

o 0]

[ I I I [ I I
30m 350 m 650 m 1100 m 1500 m 1800 m 2200 m

Fig. 25Species diversitySi mp s o n)@lsng thealeeakional gradient of Mt. Cameroon. The index
operates between 0 and 1, the proximity to 1 marks the highest possible diversity, based on species

richness and abundance. Plot elevations are in m a.s.l.

1.0

0.8
|

Jaccard's index of beta diversity
0.4 0.6
| |
0
o
o

0.0

[ I I I I I
30-350 m 350-650 m 650-1100 m  1100-1500 m  1500-1800 m  1800-2200 m

Fig. 26 Betadiversity (J a ¢ ¢ a deg alang thengradient on Mt. Cameroon. The dots represent the

betadiversity between pairs of plots. Plot elevations are in m a.s.l.

44



3.25 Community Composition on Mt. CamerodfeedingGuilds

Insectivores

Insectivores form the most diverse and abunéedingguild of birds on Mt. Cameroon, with

a total of 61 species detected by mist nets. Insectivores dothihatorests of Mt. Cameroon

both in individual and species numbers: the proportion of indilsdo@longing to this guild
followed a humpshaped pattern across the elevational gradient, with the peak at 1100 m a.s.l.
(Fig. 27A), and the proportion of insectivorous species followed a flatter istiagped trend,

with a slight negative skew, and peakeéd 500 m a.s.l. (Fig. 27B).

Sinceinsectivoresformed about 66% of all mishetted species, | further divided them into
groups based on their foraging method to see whether there is a higher probability of mist
netting any of them based on the substita¢g acquire their food from:

Foliage-Gleaning Insectivores (FGIs):

Overall, 36 out ofthe 101 checklisted species of FGIs were misetted on Mt. Cameroon. Of

the 36 detected FGI species, 50% forage on the forest floor (1 out of 2), 50% forage in the
understory (18 out of 36), 37.5% forage in the-sahopy (12 out of 32), and 16.67% forage

in the canopy (5 out of 30). Foreffbor foragers made up 4.33%, understory forageadeup
58.94%, sukcanopy foragersnadeup 20.01%, and canopy foragemadeup 16.71% of the
relative mistnetted FGI individuals. FGIs dominated the plots at 30 m 4500 m a.s.l., 1800

m a.s.l. and 2200 m a.s.l. in abundance (Fig. 28A), and all plots in species numbers, except 30
.a.s.l., where the number of FGI species was equal to the number of-gearotiing insecti-

vore species (Fig. 28B).

On average, the undeted FGls were heavier than the mistted FGIs (KruskalVallis, 62 =

491, d.f. =1, P =0.027), but the majority of the missed FGIs were small, and thus could have
been detected, had they collided with the net.
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Ground-Searchinginsectivores (GSIs):

Sixteen out of @ checklisted species of GSIs were mrgtted on Mt. Cameroon. Misietting
recorded 7 of 9 small GSls, 1 of 2 retted GSls, and 2 @&large GSIs. GSIs were the domi-
nant group within insectivorous individuals between 350 and 1100 m a.s.l., and tiek sesd
dominant group in this respect at all the other plots (Fig. 27A). Howevefedhimgguild was
relatively rare in the BimbiBonadikombo forest (30 m a.s.l.). In respect to species numbers,
GSils were the second most dominant-gedup in all plas between 350 m a.s.l. and 1800 m
a.s.l., equally dominant with FGIs at 30 m a.s.l., and equally low in numbers as the following

two subgroups (Fig. 27B).

Aerial / Flycatching Insectivores (AFIS):

Six of out 19 chechisted species of AFIs were misetted on Mt. Cameroon. None of the AFIs
forage on the forest floor. Mistetting detected 3 out of 5 understory foragers, 1 out of -7 sub
canopy foragers and 2 out of 7 canopy foragers within this dteld.AFls were mishetted in

the lowland and montane forest. Their abundance peaked at 1500 m a.s.l. and then dropped with
growing elevation, as did their individual proportions (Fig. 27A). Most AFI species were mist
netted at 650 m a.s.l. (n = 3) whilest AFI individuals were recorded at 1500 m a.s.l. (n = 8;

Fig. 27B).

Bark-Probing Insectivores (BPIs):

3 out of 6 checlisted BPIs were mishetted on Mt. Cameroon. None of the BPIs forage on
the ground. Both species that prefer foraging in the utaigrsvere mistnetted, 1 of the 2
species of BPIs that forage in the stamopy was misthetted and neither of the BPIs that forage
in the canopy were mistetted. No BPIs were mistetted at 30 and 350 m a.s.l. Their propor-
tions both in species and misttted individuals were low in all plots, but BPI individuals were
the third dominant suggroup at both plots in the montane forest (Fig. 27A, B), particularly at
2200 m a.s.l.
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Frugivores

A total of 10 frugivorous species were detected by-mesting along the forested altitudinal
gradient on Mt. Cameroon. The proportion of the individuals of this guild followed a bimodal
distribution, with the peaks at 350 and 1800 m a.sd.law abundance in the migevation

forest (Fig. 27A). The proportion of frugivorous species was similarly high across all plots in
the lowland forest, where it peaked at 350 m a.s.l., whereas it was the lowest at 1500 m a.s.l.
(Fig. 27B). None of the figivores recorded on Mt. Cameroon prefer foraging in the ground.
Two species (one small and one medisized) have no stratum preferences wmde thus

likely to appear in the understoryut only the smaller oneAqdropadus latirostris wasde-

tected by mist nets. It was recorded in all plots in the lowland and represents 28.2% of all mist
netted frugivorous individuals (based on relative abundance). Five species of frugivorous un-
derstory foragers are known to occur on Mt. Cameroon. Threaea@imsized, and two are
small. One of the small specigsndropadus virenswas detected by mist nets across all plots

in the lowland forest and represents 7% of all medted frugivorous individuals (based on
relative abundance). All small sdanopyforagers that are known to occur across all forest
types were mishetted, most frequently in the montane forest. Altogether, they repedsent
17.1% of all mistnetted frugivorous individuals (based on relative abundance). More than half
of Mt . Chugiereoavercansgpy foragers, and while only four of the 21 species were
mist-netted, they represestt47.4% of all mistnetted frugivorous individuals (based on rela-
tive abundance). This is mainly caused by the great abundaAoe@padus tephrolaemas

high elevations, especially at 1800 m a.s.l.,, where 35 individuals of this species were mist
nettedi more than any other species in any plot. For this reason, the relative abundance of
tephrolaemusgormed44.6% of all mistnetted frugivorous indiduals (based on relative abun-

dance).

Granivores

A total of 10 granivorous species were detected by-n&ting along the forested altitudinal
gradient on Mt. Cameroon. The individuals of this guild constituted a minor part of the mist
netted communityn the lowland forest, reached higher proportions in theetedation forest,

and peaked at 2200 m a.s.l. (Fig. 27A). A similar trend could be seen in respect to the

49



proportions of species of this guild (Fig. 27B). According to our species checklisy 7.8
granivores forage on the ground. All but one small feilest foraging granivores were de-

tected by mist nets. Mistetted individuals of all forest floor foragers of this guild repre=gnt

54.7% of the mishetted granivorous community (based omtige abundance). Two of three

species of the granivorous understory foragers were recorded by mist netfrie42.6%

of the guildds relative abbunudusolivaceudetweent o t h
1500 and 2200 m a.s.l. The only speciethivithis guild that mainly forages in the scénopy

(Nigrita fusconotawas detected by mist nets and represents the remaining 2.7% of the graniv-

orous community (based on relative abundance).

Nectarivores

A total of 5nectarivorouspecies were mistetted in the forests of Mt. Cameroon. The pro-
portion ofnectarivorousndividuals followed a Wshaped pattern across the plots and peaked
at 2200 m a.s.l. (Fig. 27A). The proportion of species belonging to this guild remained fairly
constant across all elations but peaked at 1100 m a.s.l. (Fig. 27B). Our-neting data
conclude thahectarivoresre among the most abundant (or most frequentlymeiged) birds
inhabiting the forests of Mt. Cameroon, reaching high abundances in the montane foiiest, albe
appearing in higher numbers than most species in the lowland forest, toectstivoresn

our checklist are small. In fact, three of theGinfhyris batesiCinnyris ursulaeand Cinnyris
reichenow) are the smallest mistetted birds in our dataset (6.17, 6.5, and 6.6 respectively).
None of thenectarivoresn our checklist forage on the forest floor. Two highly abundant un-
derstory foragers, who replace each other along the gradient (lowlandisp&gianomitra
olivaceaand montane speciali€yanomitra oriti3 were mistnetted. Theyormed46.71% of

the mistnettednectarivorouscommunity (based on relative abundances). Likewise, twe sub
canopy foragers were migetted: the relatively rar€innyris ursulae and the most abundant
nettednectarivoreCinnyris reichenowitogetheforming 50.92% of thenist-nettednectarivo-
rouscommunity (based on relative abundances). In faictnyris reichenowivas the second
most common species in our datasets@d on relative abundances). The remaining 2.37% of
the mistnetted nectarivorousindividuals belongd to a canopyforaging speciesCinnyris

batesi
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Carnivores

The only mistnetted carnivore was a single individualAafcipiter tachiroat 30 m a.s.l. (Fig.
27A, B).

Kin gfishers (Alcediniidae)

Five species of kingfishemgeremist-netted, and only in the lowland forest. Two species were
small, two were mediursized and one was large. Overall, the largest number individuals (n =
6) and species (n = 4) belonging to this group were recorded at 30 m a.s.l. (Fig. 27A, B), which

is unsurprising due to the proximity of this plot to a stream and the sea.
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3.3Comparison of MistNetting and Point Counts
3.3.1Species Detection

For the comparison of mistetting and point counts, | only used those medting terms that

were conducted in the exact same dates as point counts. Point counts detected 172 species across
7 plots in one term per elevation. Migttting detected 82 spes in the same plots during the

same terms. Overall, the misétting method detected 9 species undetected by point counts:

Alcedo leucogasterAnthus cinnamomep<innyris ursulae, Euplectes capensis, Indicator

maculatusNigrita fusconota, Sasia africapSpermophaga haematiaadZoothera crossleyi.

The Lowland Forest

Of the 180 species chetikted in the lowland forest, 39 were migtted and 115 point
counted. Thus, migtetting missed 78.3% and point counts missed 36.1% of the species from
our lowland checklist. Six species detected by mist nets were missed by@ants in the
lowland forest:Alcedo leucogaster, Cryptospiza reichenowi, Sasia africZnathera cama-

ronensis, ZootherarossleyiandTurduspelios.

The Mid-Elevation Forest

Of the 1 species checksted in the migelevation forest, 47 were migeted and 81 point
counted. Thus migtetting missed 9% and point counts 352% of the species from our
mid-elevation checklist. Eleven species detected by mist nets were missed by point counts in
the midelevation forestAndropadus curvirostrisAnthuscinnamomeusAplopelia larvata,
Campethera petiti, Cinnyris ursulae, Cryptospiza reichenovii, llladopsis rufiventer, Indicator

maculatusNigrita fusconotaPloceus melanogastandSpermophaga haematina.

The Montane Forest

Of the 72 species chedisted in the montane forest, 33 were nmstted and 49 poirtounted.

Thus, mistnetting missed 45.8% and point counts missed 31.9% of the species from our mon-
tane checklist. Five species detected by mist nets were missed bgqaqig in the montane
forest: Alethe poliocephala, Estridla nonnula, Euplectes capensis, Indicator macuaids,

Ploceus insignis.
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3.3.2 SpecieRichnesspiversity andAbundancdestimates

The point count method recorded a ratherfdateau pattern of species richness, with a decline

in species richness above 1100 m a.s.|. The-meiging method revealed a hurapaped pat-

tern of species richness with a r@bkvation peak around 1100 m b.6ig. 29A). The total

number of individuals as detected by point counts didranttoo much across elevations, but
peaked at 1100 m a.s.l. The total abundance of birds as detected by mist nets was greater in the

mid-elevation and montane forest (FRRA).

Mist-netting detected fewer species than point counts (Kradlis, > = 32.31, pvalue <
0.001; Fig. 29B; Table 2), and the elevational abundances calculated fromettirsg data
were lower than the elevational abundances calculated fromqoeaint data in all plots except
350 m a.s.l., where the differencetie mean abundance recorded by each methods was only
2.68% (Wilcoxon rank sum test, W = 749, P > 0Qjyptospiza reichenowand Estrilda

nonnulawere more likely to be mistetted thampoint-counted (Table 2).

Point counts recorded higher species evenaglssd communitieshan mistnetting in all plots

(Fig. 30A, B, C). Moreover, the trends in species evenness across the elevations varied between
the methods: following the gradiemphill, point counts estimated maximum species evenness

at 650 m a.s.l. (i.e. the lowest slope of the curve, Fig. 30 A), and a continuously declining
evenness further uphill (Fig. 30B, C), while mmgtting estimated maximum species evenness

at 1500 m a.t (Fig. 30B), and a similarly high relative abundance of a few dominating species

in all the other plots (Fig. 30). As a result, the estimates of species evenness were very different
between the methods in the lowland forest (Fig. 30A) and more sinilaglzer elevations

(Fig. 30B, C), particularly at 1500 m a.s.I (Fig. 30B).

Not surprisingly, species diversity estimateS i mp s o nbased oh midhetting data were

lower in comparison with poirtount data at all elevations on Mt. Cameroon (Fig. 31). Both
methods also differed in species diversity patterns recorded across the elevations. Data based
on point counts show that speciegatsity declined continuously with elevation whereas data
based on mishetting data revealed a hurspaped pattern with the peak at 1500 m a.s.l. (Fig.

31).

Beta diversity estimates J a ¢ ¢ a r dwvers vety sirdilarXoy both methods between each

neighbouring elevational plots but differed in magnitude (Fig. 32). The greatest beta diversity
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revealed by both methods was between 650 and 1100 m a.s.l., at the transition zone of the
lowland and mieelevdion forest. Relatively low betdiversity was confirmed by both methods

within particular forest types (Fig. 32).

Rarefaction curves based on point count data (Fig. 33A) are generally flatter and closer to an
asymptote at the end of the curves if comg@acemistnetting (Fig. 33B)This is simply be-

cause point counts are able to detect more spdRasfaction curves also show a relatively
clear altitudinal trend in case of point counts, with growing species richness up to 650 m a.s.l.
and a decline wit growing elevation thereafter (Fig. 33A) whereas medting data rather
separated the elevations into two groupsid elevations (650, 1100 and 1500 m a.s.l.) and low
and high elevations (30, 350, 1800 and 2200 m a.s.l.).

Both methods confimthatMCa mer oonés bird communities are
much in species richness as in abundance. In concordance with coettirgy data, the point

count data confirm that their dominance increases toward thelpudtion at 1100 m a.s.l.

(Fig. 34A). It then drops again until it reaches a plateau in the montane forest (Fig. 44A), while,
according to our mistetting data, their dominance further declines with growing elevation in

the montane forest, where it almost levels with that of theameatous guild near the treeline

(Fig. 34B).

According to point counts, frugivores are the second most abundant guild across all elevations

in the forests of Mt. Cameroon (Fig. 34B), whereas according ten@ighg, they are the sec-

ond most abundant growmly in the lowland forest, and their rank is overtaken by nectarivores
inthemide| evati on and montane forest (Fig. 34A).
to reach various levels of dominance per plot. Nevertheless, there is an apparemnelevati

pattern in the proportions of individuals belonging to the three most abundant guilds (insecti-
vores, frugivores and nectarivores), especially between 350 and 1800 m a.sl., which is similar

for both surveying methods: insectivores follow a positive prstraped pattern with a mid
elevational peak, whereas frugivores and nectarivores follow a negativestamped pattern

with a midelevational minimum (Fig. 34A, B).
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Granivore proportiongvereequally low in all lowland plots, slightly increase in the reid-
vation forest and remagal fairly similar across all higher plots. Misetting detected a more

pronounced increase in thenoportions at 2200 m a.s.l. (Fig. 34A).

Kingfishers were only detected in the lowland forest by both surveying methods, whereas car-

nivoresmadeu p a mi ni mal proportion of Mt. Cameroo

Finally, in contrast to mishetting, poirticount data show a higher proportion of frugivorous
species in all plots of the miglevation and montane forest, equal or somewhat lower propor-
tions of granivorous species in the lowland forest and lower proportions of this guild in all
higher elevation sitesand much lower proportions of nagtorous species in all plots (Fig.
35A, B).
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3.3.4 Correlation Between Capture Rate and Point Count Density

The correlatiof Spear mands c or betwéen captwerateq ©Re ife.fno. of bils t )
per species recorded per 1000 amistting hours) and point count density (PCD; i.e. no. of birds
per species recorded per 10 ha) grew with elevation (Fig. 36). The reSIRIRED ratio was

high for species well represented in the mistting data if compared to the peodunt data,

and low for species that were underrepresented in misbnessnpletely missed. The CR/PCD

ratio was not calculated for species that weresetd<y point counts.

Bimbia-Bonadikombo site, 30 m a.s.l.

Size did not explain the growing CR/PCD ratio at this elevational plot (Krigkdlls, ¢° =

1.81, d.f. =2, P > 0.2) and nor did their flocking behaviour (Kru¥¥allis, 6= 0.90, d.f= 2,

P > 0.2). The CR/PCD ratio could also be explained by the foraging stratum preferences of the
mist-netting birds (KruskaWallis, = 17.58, d.f. = 4, P = 0.0015), as stdamopy and canopy
foragers were underrepresented in the 1métting data fronthis elevational plot. Feeding
guilds also seem to explain the variance in the CR/PCD ratio (Kr\ghbils ¢>= 12.73, d.f. =

5, P =0.026), but this is due to the few species of kingfishers, nectarivores and the one carnivore
recorded at this plot, whicmakes it impossible to test further with Dunn teBtsally, Cy-
anomitra olivaceavas the most abundant species at this site according to point counts and mist
nets alike(Fig. 36).

Bamboo Camp site, 350 m a.s.l.

Bird size did not explain the growing CFRCD ratio at this elevational plot (Kruskalallis, ¢

=4.812, of. = 2,P=0.09), albeit the large species were substantially underrepresented in the
mist-netting data collected at this plot. It was also not explained by their flocking behaviour
(Kruskal-Wallis 2= 3.7253, d. = 2,P=0.155), nor by their feeding guild (Kruskalallis, ¢
=5.15,df.=4,P>0.2 . However, the CR/PCD ratio could
stratum preferences (Kruskdlallis, = 18.67, of. = 4, P <0.001), as birdswith no stratum
preferenceand those preferring the forest floor were mmistted in greater numbers than birds

from higher strata at this elevational pleinally, Cyanomitra olivaceavas the most abundant

species at this site accorditmypoint counts and mist nets aliggg. 37).
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Drinking Garri site, 650 m a.s.l.

At 650 m a.s.l., the CR/PCD ratiwas significantly higher for small species (Kruskéallis,
&’=8.7@, df. = 2,P=0.0125) while large species were completely missed by mist nets at this
elevational plot. Foredtoor and understory foragersda higher CR/PCD ratio than swln-

opy foragers, canopy foragers, and those who had no stratum preferences, so the difference in
the CR/PCD ratio could be explained -Wsg- t he
lis, ¢ = 11.185, d. = 4, P = 0.024). Flocking behaviour did not explathe variance in
CR/PCD ratio for any of the species at this elevational plot (Krekadlis, 6> = 3.546, of. =
2,P=0.170), nor did their feeding guild (Kruskawvallis, = 2.617, d.f. = 5,P> 0.2, probably

due to the low number of recorded granivorous species, who had the highest CR/PCD ratio (n
= 3, mean CR/PCD = 5.83) and low number of recorded nectarivorous species with similarly
high CR/PCD (n = 5, mean = 5.17), whereas the numerous frug&aral insectivorous spe-
ciesd aver age CRiol@lonr Finaly, Cyarmmivaelivaceafas tireanost

abundant species at this site according to point counts and mist ne(§gik3s).

Planti Camp site, 1100 m a.s.l.

The CR/PCD ratio ahis elevational plot was not explained by species size (KHWladlls,
G&°=3.0248, d.f. = 2P > 0.). It was also not explained by their flocking behaviour (Kruskal
Wallis, = 1.9051, d.f. = 2P > 0.3 nor by their feeding guilds (Krusk&Vallis, 6= 3.9309,

d.f. = 4,P > 0.3. It seemedhowever,to beexplained by their foraging stratum preference
(KruskakWallis, = 17.382, d. = 4,P = 0.0016), as more forefibor and understory foragers
were mistnetted than poirtounted at thiglevational plotFinally, Phyllastrephugpolioceph-
alus was the most abundant species at this plot according to point countsthehilgghest
abundances accordimgist-netting are those @lethe poliocephaléFig. 39).
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Crater Lake site, 1500 m a.s.l.

Size could explain the variance i nWalise& birds
=7.2411, d. = 2,P=0.026), as more small birds were misttted. Foraging stratum prefer-

ences did not explain the variance in the birds/ CR/PCD ratiosaplot (KruskalWallis, ¢Z=

5.83%, df. =4,P>0.2 and neither did the bWalidsé& fl ock
0.161, df. = 2,P > 0.3. Feeding guilds wereanly nearsignificant predictor explaining the
birdsd CR/ PCD .k (KruskabWalig, ¢°=172%80df. 13, Pa 0.8641), probably

due to the low number of nectarivorous species with a high CR/PCD ratio (n = 2, mean CR/PD

= 21.35).Finally, Cinnyris reichenowandUrolais epichlorawere the most abundant species

at thiselevational plot according to point counts, whereas mist nets recorded the highest abun-

dances oAndropadus tephrolaeminere(Fig. 40).

Elephant Camp site, 1800 m a.s.l.

Even though all large pokttounted species at this elevational plot waissed by mist nets,

size did not explain the variance in CR/PCD ratio at this site (Krhdlis, >= 5.438, df. =

2, P =0.0659), probably due to the low number of detected large birds (n = 5), yet the mean
CR/PCD of small birds was higher (7.04)nlthe mean CR/PCD of mediusized birds (4.42).
Flocking behaviour did not explain the variance in the CR/PCD ratio at this elevational plot
either (Kruskalwallis, &= 3.2067, d. = 2, P= 0.2012), although the ratio was substantially
higher for solitay birds (n = 27, mean CR/PCD = 7.45) than that of the facultatively (n = 10,
mean CR/PCD = 2.30) or never flocking birds (n = 7, mean CR/PCD = 1.94). Feeding guilds
also did not explain the variance at this plot, but the result issigficant (KruskalWallis,
c=7.421, &. = 3,P = 0.0596). It is probably due to the low number of recorded species of
nectarivorewith the highest CR/PCD ratio (n = 2, mean CR/PCD = 22.94) and granivores (n
= 4, mean CR/PCD = 11.16). Foraging stratum preference was the only predictor that seemed
to explain the variance (KruskWallis, ¢ = 14.287, d. = 4, P = 0.0064), as misteting
missed a lot of the poitounted canopy and swanopy foragers at this elevational plét

nally, Andropadus tephrolaemugas the most abundant bird at this plot according to mist nets,
whereas it ranked as the second most abundant species abttliscprding to point counts

(Fig. 41).

67



40- N q o . e
Cinnyris reichenowi

Andropadus tephrolaemus
L]

w
o
'

Point-count density (Individual per 10 ha)
- N
o o

. . ¢ Cyanomitra oritis

2 3 a 5
Capture rate (Individual per 1000 mh)

o~
N

Fig. 41 Capture rate (i.e. no of birds per 1000 mmistting hours) and poirtount density (i.e. no. of

birds per 10 ha) recorded at 1800 m a.s.l. The labels mark two species with the highest caphde rate

two species with the highest poiciunt densitySpear manés <correl ation coef
936009, P < 0.001.

50 -
Andropadus tephrolaemus *
[ ]
Cinnyris reichenowi

S
o

(%]
o
'

n
o
]

H l.inurgus olivaceus

Point-count density (Individual per 10 ha)

-

o
'

[ ]

0 1 2 3 4 5
Capture rate (Individual per 1000 mh)
Fig. 42 Capture rate (i.e. no of birds per 1000 mmistting hours) and poifttount density (i.e. no. of
birds per 10 ha) recorded 2200 m a.s.l. The labels mark two species with the highest capture rate and
two species with the highest poicdunt density'Spear mandés correl ation coef
644126, P < 0.001

68



Mann Spring site, 2200 m a.s.l.

Size did not explain the viance in the CR/PCD ratio among species at this elevational plot
(KruskakWallis, ¢ = 4.661, df. = 2, pvalue = 0.093), and nor did their foraging stratum
preference (Kruskalvallis, = 4.960, of. = 4,P> 0.2, or flocking behaviourkruskatwal-

lis, = 0.8®, df. = 2,P > 0.). Feeding guilds seemed to be the only explaining predictor of
the variance in the birdsWalGBEPRMDI. P+ 0 at
0.0235), but due to the low number of recorded spr&ative species of granivores (n =1) and
nectarivoregn = 2), who had the highest CR/PCD at this elevational plot, it is impossible to
test finding this furtherFinally, Andropadus tephrolaemuwgas the most abundant species at

this plot according to pot counts, andCinnyris reichenowivas the most abundant according

to mist netgFig. 42).
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Table 2. Average capture rate (CR) to point count density (PCD) estimate CR/PCD*100 for all species recc
point counts and and/or misetting during the same surveying terms. The CR/PCD ratio is not calculated for <
that were not detected by point cs. The species are listed according to their CR/PCD Ratio in descending ¢
Additional information about species average size (S = small, M = medium, L = large), trophic guild (I = inse
F = frugivore, G = granivore, N rectarivore C = carniwre, ALC = kingfisher (Alcediniidae)), preferred foragir
stratum (FF = forest floor, US = understory, SC = subcanopy, C = camopy preference).

Species Size Trophic Eger];zrirr?; . G : 2D CR/P.CD
Guild Stratum (ind/1000 mh)  (ind/10 ha Ratio
Euplectes capensis S G FF 0.97 0 /
Anthus cinnamomeus S I FF 0.83 0 /
Alcedo leucogaster S ALC us 0.28 0 /
Cinnyris ursulae S N SC 0.28 0 /
Indicator maculatus M I SC 0.28 0 /
Nigrita fusconotus S G SC 0.14 0 /
Sasia africana S I us 0.14 0 /
Spermophaga haematina S G FF 0.14 0 /
Zoothera camaronensis M I FF 0.14 0 /
Cryptospiza reichenovii S G FF 3.19 0.79 403.8
Ploceus melanogaster S I us 3.96 3.17 124.92
Campeghaga petiti M I C 0.42 0.79 53.16
Cyanomitra oritis S N us 7.64 24.6 31.06
Estrilda nonnula S G FF 0.49 1.59 30.82
Turdus pelios M I FF 6.32 24.6 25.69
Phyllastrephus xavieri S I C 0.83 3.97 20.91
Alethe poliocephala S I FF 5.97 30.95 19.29
Zoothera crossleyi L I FF 0.42 2.38 17.65
Andropadus curvirostris S I us 0.28 1.59 17.61
Aplopelia larvata L G FF 0.14 0.79 17.72
Cinnyris batesi S N C 0.14 0.79 17.72
Linurgus olivaceus S G us 6.25 36.51 17.19
Phyllastrephus icterinus S I us 4.17 29.37 14.2
Poliolais lopezi S I us 2.22 17.46 12.71
Cyanomitraclivacea S us 6.39 54.76 11.67
Andropadus latirostris S F No pref. 3.89 33.33 11.67
Alcedo quadribrachys M ALC us 0.28 2.38 11.76
Cossypha isabellae S I FF 5 43.65 11.45
Andropadus tephrolaemus M F C 11.74 131.75 8.91
Muscicapa sethsmithi S I us 0.14 1.59 8.81
Nigrita bicolor S G us 0.14 1.59 8.81
Smithornis sharpei M I us 0.14 1.59 8.81
Cinnyris reichenowi S N SC 9.24 115.08 8.03
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Species

Phyllastrephus poensis
Stiphrornis erythrothorax
Cisticola chubbi
Alethe diademata
Dendropicos elliotii
llladopsis rufipennis
Bleda notatus
Speirops melanocephalus
Parmoptila woodhousei
Psalidoprocne fuliginosa
Kakamega poliothorax
Urolais epichlorus
Andropadus virens
Ploceus insignis
Sheppardia bocagei
Pseudoalcippe abyssinica
Camaroptera chloronota
Elminia albonotata
Pogoniulus atroflavus
llladopsis cleaveri

Prinia bairdii
Phylloscopus trochilus
Muscicapa adusta
Bradypterus lopezi
Zosterops senegalensis
Pogoniulus bilineatus

Accipiter tachiro
Terpsiphone rufiventer
Laniariuspoensis
Deleornis fraseri
Turtur brehmeri
Turtur tympanistria
Dyaphorophyia concreta
Trochocercos nitens
Pogoniulus coryphaea
Ploceus bicolor
Criniger calurus
Phylloscopus poliocephalus
Halcyon malimbica

Size
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2.22
0.69
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153
0.83
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0.14
1.04
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3.68
1.67
0.49
0.42
3.26
0.69
1.39
0.14
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0.07
0.49
1.81
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0.35
0.14
0.97
1.25
0.42
0.28
0.35
0.42
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0.42
0.42
0.14

PCD
(ind/10 ha

27.78
8.73
50
26.98
14.29
24.6
14.29
9.52
2.38
22.22
42.86
81.75
39.68
11.9
10.32
80.95
17.46
36.51
3.97
19.84
28.57
2.38
19.05
72.22
35.71
15.08
6.35
46.83
62.7
21.43
15.08
19.05
23.81
23.81
20.63
18.25
31.75
31.75
11.11

CR/PCD
Ratio

7.99
7.9
7.22
7.19
6.79
6.22
5.81
5.88
5.88
4.68
4.53
4.5
4.21
412
4.07
4.03
3.95
3.81
3.53
3.48
291
2.94
2.57
2.51
2.32
2.32
2.2
2.07
1.99
1.96
1.86
1.84
1.76
1.76
1.7
1.53
1.32
1.32
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Species

Hylia prasina
Phylloscopus herberti
Bleda syndactyla
Platysteira cyanae
Laniarius atroflavus
Hedydipna collaris
Criniger chloronotus
Dyaphorophyia castanea
Dicrurus atripennis
Alcedo cristatus
Andropadus ansorgei
Andropadus gracilirostris
Andropadus montanus
Apaloderma aegatoriale
Apalis binotata
Apalis cinerea
Apalis jacksonbambulensis
Apaloderma narina
Apalis nigriceps
Apalis rufogularis

Apaloderma vittatum
Apus apus
Baepogon indicator
Bathmocercus rufus
Buccanodon duchaillui
Bycanistes albotibialis
Bycanistes fistulator
Calyptocichla serinus
Campethera cailliautii
Campethera nivosa
Camaroptera superciliaris
Campethera tullbergi
Centropus leucogaster
Ceratogymna atrata
Ceratogymna elata
Cercococcyx olivinus
Ceuthmonaches aereus
Chrysococcyx cupreus
Chrysococcyx klaas
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46.03
23.81
26.98
48.41
73.02
19.05
19.84
28.57
39.68
0.79
22.22
5.56
19.84
3.17
1.59
84.92
12.7
1.59
10.32

14.29

7.14
3.17
11.9
6.35
21.43
1.59
9.52
13.49
0.79
4.76
0.79
7.14
2.38
14.29
1.59
0.79
27.78
35.71
7.14

CR/PCD
Ratio

1.22
1.18
1.04
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0.73
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0.49
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Species

Cinnyris chloropygius
Cinnyris superbus
Coluba sjostedti
Columba unicincta
Coracina caeruleogrisea
Corythaeola cristata
Cossyphicula roberti
Cuculus clamosus
Cyanomitra cyanolaema
Dicrurus modestus
Dryoscopus angolensis
Dyaphorophyia tonsa
Eurystomus gularis
Francolinus camerunensis
Fraseria ocreata
Gymnobucco calvus
Gymnobucco peli
Gypohierax angolensis
Halcyon badia

Hirundo rustica
llladopsis fulvescens
Indicator conirostris

Indicator exilis
Indicator willcocksi

Ixonotus guttatus

Macrosphenus concolor
Macrosphenus flavicans
Malaconotus multicolor

Malimbus nitens

Malimbus rubicollis
Neocossyphus poensis

Neocossyphus rufus

Nesocharis shelleyi

Nicator chloris
Nigrita canicapillus

Nigrita luteifrons

Onychognathus fuldigus
Onychognathus walleri
Oriolus brachyrynchus

Size
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5.56
0.79
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6.35
1.59
2.38
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11.11
7.14
11.9
0.79
2.38
1.59
1.59
2.38
2.38
7.94
0.79
12.7
0.79
2.38
2.38
6.35
28.57
254
3.97
4.76
0.79
5.56
0.79
6.35
23.81
0.79
14.29
1.59
31.75
24.6
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Species

Oriolus nigripennis
Oxylophus levaillantii
Phyllastrephus albigularis
Phylloscopus sibilatrix
Picathartes oreas
Ploceus albinucha
Ploceus preussi
Poeoptera lugubris
Pogoniulus scolopaceus
Pogoniulus subsulphureus
Polyboroides typus
Prionops caniceps
Psalidoprocne nitens
Psittacuserithacus
Pycnonotus barbatus
Sarothrura pulchra
Saxicola troquatus
Serinus burtoni

Schoutedenapus myoptilus
Smithornis rufolateralis
Stizorhina fraseri
Streptopelia semitorquata
Sylvietta dentii
Tauraco macrorhynchus
Tockus camurus
Tockus fasciatus
Trachylaemupurpuratus
Treron calvus
Tricholaema hirsuta
Tropicranus albocristatus
Turtur afer

Size
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4 Discussion

4.1 MistNetting on Mt. Cameroon

Over the course of the study, 1424 individuals of 92 species wereetistl throughout all
mistnettingterms during the dry season on Mt. Cameroon. The majofitydividuals and

new species were detected during the first ddgethreedaymist-neting termsin most plots,

and more birds were recorded before noon than in the afternoon, which is not unusual for trop-
ical forests (Bell 1982, Blake 1992). Two platsthe lowland forestieviated from these find-

ings, where mishetting recorded more individuals during the second day ofmeiting. There

was also an improvement in catch success in two other plots after the second daynet-mist
ting, and although fewer species kept beadded to the dataset with each passing day, not a
single mistnetting day failed to add at least one new species.

Even though each misietting hour and mistetting day enriched our dataset for valu-
able information, my findings uncover several limitaiai the method. Mistetting has been
considered superior to point coufg some authors n t hat i1t does not
auditory and visual skills (DeSang¢ al. 1993, Peaclket al. 1996), it simplifies species identi-
fication Herrera 1978 and can be performed by less experienced observers, who may in turn
gain valuable skills in handling birds and obtain familiarity with the detected species @Ralph
al. 1995). Furthermore, mistetting has been proven as more effective in detecting secret
species €.9. Wallaceet al 1996, Gram & Faaborg 1997, Rappeteal. 1998, Mason 1996,
Blake and Loiselle 2001, Wang and Finch 208&) understory birds in areas with higider-
storyfoliage density and low canopi/értin et al. 2017). Nonethelessjetting success is in-
fluenced by the overall detectability of local avifauna, which, in turn, is controlled by a set of

factors.
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4.1.1 Limits of MistNetting: Entanglement, Escape and Evasion

Standardmish et s6 mesh size and the stren-gdthg. of t h
Perhaps the most straightforward factor that
netting data confirm that mist nets efficiently detect sroatls (mean weight < 30 g). The
mean weight of netted species in our study is shifted tan25 g toca.33 g because our
captures included 4 large species of birds (mean weight > 70 g). Their mean weight ranges
between 122 and 347 g, which is about 41dimes more than the size of the average netted
bird. Large species are more likely to escape after colliding with the net simply because they
are less likely to become entangled (Terborgh 1977, Pardieck & Waide 1992), whereas species
below ~ 8 g are d@med too small to be successfully mstted because they may easily slip
out (Terborgh 1977). The latter observation of Terborgh (1977) is not confirmed by cut mist
netting data, asome of the small mist e t t e d bady massvas Isefow 7 g, and onef
them, Cryptospiza reichenowvas the second most misetted bird during the course of our
study.

Birds learn to avoid mist ne{®arques 2013)and because catches are expected to
decline with time (Ralph & Scott 1981), some authors have only usagespecorded within
the first four hours of netting (Lat& al.2011). For us, this would mean a great loss of valuable
information, as catches recorded within the first four hours only represented more than 50% of
daily catches in 6 of the 36 days oistmetting on Mt. Cameroon. Catch rate, however, may
also decline with each passing day. Ovemlgur datathe variance in total catchdaringthe
first mistnetting day was substantially greater than any other day, while days two and three
detectedsimilar numbers of birddvlaximum catch was reachddringthe first dayat5 of our
7 plots, whereas in the remaining two plots, maximum individuals were detected on the second
mist-netting day. Likewise, there was a decline in catch numbers after thedsedstnetting
day in 5 of the 7 plots, and an increase in catch numbers after the secendttimgtday in
the remaining two. In conclusioajthoughdaily catch numbergenerally declined from the
first to the third day of mishetting at ouplotsalong the elevational gradient dft. Cameroon,
additional days still brought a significant amount of informatidmer&fore | suggest that it is
efficient and advisable to use mist netsdbteastthree days irthe environmentf tropical
rainforestsespecially when the method is used for studies based on detecting indj\aduals
further suggested by several authors who found themating method to be useful in various
kinds of assessment: de Pingtoal. (2009) found that mist nets accurately assess territoriality
and site fidelityRuiz-Gu t i @tralr(20%2) and Faaboregt al. (2013) recommend the use of
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mist nets for survival assessment, Wang & Finch (2002) recommend using mist nets for moni-
toring birds during migration, and Blake & Loiselle (2016) found that long periods of mist
netting bring valuable information about population dynamics in habitats undergoing restora-
tion.

As per species detection, mrgetting added significantly fewer new specieshe da-
taset after the first day of misetting in all plots, yet new species kept being added to the
dataset in all days and in all plo®herefore| further stress that using mist nets for three days
is efficient, since shorter terms would not befisignt for detecting rare or secretive species.
However, if detecting secretive species is the primer benefit ofrmaishg, shifting mist nets
to other locations each consecutive pmgtting day is probably more efficient than keeping
themin one plae, given the environment is simple enough to allow for a swift net replacement
(Marqueset al.2013). Marquegt al.(2013) noted, that if moving the nets requires researches
to find a new suitable terrain and clean new trails for the nets, consequadihgléo the loss
of a whole mistnetting day, it is not worth moving the net, as this outweighs the advantages of
movingit to a new place. If moving the nets does not consume a significant amount of time, it

may increase migtetting success by as much20% (Marquest al.2013).

4.1.2 Limits of MistNetting: Environmental and Behavioural Factors

Karr (1981) pointed out several key factors that influemcg-netting success. They include
environmental elements, such as weather or habitat struangealso dissimilarities in the
birdsé behaviour, e.g. variability in vertic
net, or differences in flight distance and flight frequency. Remsen and Good (1996) argued that
mist-netting data could not hesed to assess relative abundance because of such behavioural
differences within and between studied pl@sd that point counts are better in this respect

while some authors foundist-netting and point counts be equally good in estimating rela-

tive ebundance (Wang & Finch 2002).

Environmental Factors

Our main data were all collected during the dry season, although data from some elevations
come from different months (November, December, February or March) or a variety of months
within the season (the averaged total abundances coming from severaifterisisnetting at

350 and 650 m a.s.l.). Detectability varies at any site and at any time (Link & Sauer 2007,
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Gorreseret al.2009), and the actual capture rate is merely a function of bird activity, therefore
anything that may affect bird activity wilffect the capture rate (Remsen and Good 1996), may
it be climate (McCain 20@) or habitat structure (Goerck 1999).

In respect to weather, such factors could be rain and daily changes in temperature. Our
research during the dry season was never disruptedi therefore | expect temperature to
have the greatest effect on detectability in this regard. Temperature in the tropics is more stable
than in the temperate zone, and Janzen (1967) described how stable temperature is across ele-
vational belts of trojgal mountains throughout the year. Witlday temperature fluctuations
increase with elevation (Adanes al. 1920), so if temperature alters the detectability of birds
by altering the patterns of their activity, its effect should be increasingly eviddgngrowing
elevation (McCain 2009B).

The activity pattern across all plots in the lowland and-etédation forest is noticeably
similar, with activity peaking in the eartp-mid morning and declining in the warmest part of
the dayi noon to early afteroon, as expected according to Blake (19€®#).Mt. Cameroon,
the cetected activity in the lowland forest was much lower than at higher elevations, with no-
ticeably lower catch number§he time of minimum activity is delayed more and more with
growing elewationwithin the lowland forest. Low activity in the morning could also be affected
by temperature and habitat structure in the lowland forest, which has a continuous vegetation
cover with a substantially more closed canopy in comparison with thelwdion forest,
which is disrupted by vast open areas (Proetoal. 2007). Because of this, the amount of
sunlight reaching the interior of the forest in the early morning hours is substantially lower in
the lowland forest. As mentioned above, the actpditern throughout the plots in the lowland
and midelevation is similar, but activity is high in thad-elevationforest from early morning.

Since the mieklevation forest is dramatically different from the lowland forest in its amount of
vast open areg®roctoret al.2007), sunlight reaches the understory much sooner in this envi-
ronment. As a result, insectivores with high metabolic rate lmaple to start foraging in the
earliest hours to compensate for the energy loss at night (@mleR016).In contrast to the
lowland forest the altlay minimum in bird activity occurred in the early afternoon in both
elevational plots in the midlevation forest. Moving further uphill, the pattern does not change
significantly at 1800 m a.s.l. The area neas fhot is similar to the mielevation forest in its
openness, as it is located near areas of early successional stages, where volcanic activity dis-
turbed the foresta. 20 years ago. In any case, the montane forest starts at this point, rich in
mosses atlichens, with shrubs in the understory and missing the lianas that are typically found
in the lowland forest, adding to its structural complexity. Bird activity/detectability was high
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from the early morning at 1800 m a.s.l. and continuously declinddl itot, however, experi-

ence such a sharp cessation in the early afternoon as it did at lower elevations, rather, it contin-
uously declined until the sunset. Our highest plot at 2200 m a.s.l. was located near the timber-
line, past which the savannah encrachThe edge of the montane forest has a dense under-
story and a still fairly high canopy (28D my Proctoret al.2007). Bird activity here experienced

a single peak in the late mornjirapdthen acontinuousdecline The pattern of bird activity in

this dot substantially differed from the plots at lower elevations.

I n her study, where she tested Janzenos

h

ically Ahighero in the tropics (Janzen 1967,

day temperatureariation could affect bird activity, especially at higher altitudes, where within
day temperature fluctuations are the most noticeable (A@amis1920), and this is clear in
our temperature data as well. Overall, bird activity peaked in the mornirdeahded contin-
uously thereafter, which is in agreement with the observations of Blake (1992).

The pattern of bird activity only followed a hurspaped pattern at the highest eleva-
tion, which could be expl ained byesfMcuaai nos
more at 2200 m a.s.l. than at any other elevational plot.

Furthermore, there is an evident drop in activity in the early afternoon (between 12 p.m.
and 2 p.m.) in all plots below 1800 m a.s.l., a minor drop in the same timeframe at 1800 m a.
and no such decrease in activity at 2200 m a.s.l. This discontinuity in bird activity is followed
by an increase in activity in the lowland and raeldvation forest, but not in the montane forest.

This could be explained by peaking temperatures eguscessation of activity due to a higher
physiological stress imposed on the birds during this time in the more humid lowland and mid
elevation forest. The effect of temperature on bird activity is not easy to test along such complex
elevational gradiestas this, therefore | hesitate to draw further conclusions.

Lastly, rainfall affects activity in a straightforward fashiétthough the mist nets were
not in use during rainfall, there was a consistently lower bird activity during the rainy season
on Mt. Cameroon. Thisesulted in very low catch numbers in contrast with megting in the
same plots during the dry season. Nonetheless the difference was not as substantial at 1100 m
a.s.l. as in the remaining two plots, especially not in the estimate@spetiness, which was
equal in both seasons, but even the number of netted individuals during the rainy season at this
plot surpassed the total catch in any of the lower plots during the dry season. It is important to
note, however, that mistetting inthe rainy season was only conducted during times with little

to-no rainfall, and the shifts in activity after rainfall are not surprising, as birds make use of the
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chance to finally foragénterestingly, it is not only movement that is hindered during the rainy

season, but al so si etgli(208)havefound.i ty, as Vokurk

Behavioural Factors

The rate at which behavioural factors affect species detectability is generallyhagddat . Bi r d s
foraging stratum preferences could, however, hint at the potential ehetisig them. The
structure of tropical rainforests caused by the complex vertical distribution of plant biomass
drives vertical stratification of bird communities ($m1973, Terborgh 1977, Parker & Brown
2000). As a consequence, interference competition is reduced by resource partitioning (Koen
1988, Styring & bin Husin 2004), which in turn allows for the coexistence of numerous avian
species in areas with high vediheterogeneity (MacArthur & MacArthur 1961, Goetzl.

2007). The fact that the proportion of mmttted birds based on their stratum preferences
changed with forest structure is not surprisi@g. Mt. Cameroon,drestfloor and understory
foragers wee more likely to be mistetted in the lowland and the lower r@btbvation forest
However,in the montane forest, sudanopy and canopy foragers were equally or more likely

to be mistnetted.

About half of the mishetted birds between 350 and 1100 m a.s.l. were ffoest
foragers, followed by understory foragers. The proportion ofcsuopy and canopy foragers
never exceeded 10% between 30 and 1100 m a.s.l., while the proportion eldordstragers
dropped to 25% at 1500 m a.s.l., and below 25% in the montane forest, equalizing the proba-
bility of detecting birds of all foraging stratum preferences. The variance in the probability of
mist-netting birds based on their vertical movemeatitgrns changes dramatically above 1100
m a.s.l., where mistetting also detected the highest diversity. These findings are similar to
those of Terborgh (1977) who observed that the vertical stratification of foraging zones relaxed
with growing habitat p@hiness and high neground foliage density in the higtevation for-
est of the Cordillera Vilcabamba, Peru. As a result, more species from higher strata hit the nets
(Terborgh 1977).

Terborgh (1977) alstbund that excess diversity in the most diverae of the forest
mainly consisted of insectivores, which holds true for our findings as well. Similarly, @mel
al. (2016) found that proportions of insectivorous birds grow with foliage density. Due to the
strict stratification of communities in thewland forest, mishetting misses more species than
it does in areas with dense understory vegetation and lower canopy (€@rah2016, Martin
et al.2017). Groundto-canopy mist nets would be useful between 350 and 1100 m a.s.l., where

the probabilityof mist-netting subcanopy and canopy foragers is much lower than above 1100
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m a.s.l., as they have been proven to substantially increase the amount of detected species per
plot in tropical rainforests (Chmet al.2016) This holds truespeciallyfor frugivores feeding
in the canopy, which are often underrepresented in undersistyet data collected in tall
forests (Blake and Loiselle 2001).

Flocking birds may be easier to detect because they move around in great numbers. This
was not found to blhe case on Mt. Cameroon. One of the reasons is that the majority (n = 160)
of checklisted species on Mt. Cameroon do not form flocks, and only 35 species do so often
and 47 occasionally. Only 7 species who often form flocks were detected by mist dets, an
although two of them are the most relatively abundant species on Mt. Cameroon, their numbers
only form 14.79% of the overall misietted community. The second reason that could explain
why they were mishetted in such low quantities is that only 10lt# tnissed birds that often
form flocks are small. One of thefholidornis rushiaemay be even too small (5.25 g) to be
mist-netted (Terborgh 1977), and only three remaining small birds that often form flocks forage
near the ground or in the understoryeTinding that solitary birds are better represented in
capture data is in agreement with Arizagal.(2011), who found that misgtetting is better at
detecting small solitary birds. However, given the high abundance of the few flocking birds
mist-netted on Mt. Cameroon, and the low proportions of such birds in the observed community
on Mt. Cameroon (i.ehe species in our checklist), | am reluctant to conclude that the weak
representation of regularly flocking birds in our rmstting data is solely a matter of the limits

of mist-netting.
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4.1.3 Limits of MistNetting in Comparison with Point Counts

Species Richness and Abundance

Point counts detected more individuals and more species thamettisg did in all plots,

which is in agreement with the widely accepted notion that point counts are better than mist
netting at detecting species richneGsafn & Faaborg 1997, Whitmaet al. 1997, Blake &

Loiselle 2000, Blake & Loiselle 2001, Wang & Finch 2002, Derlindati & Caziani 2005). Point
counts also detected higher relative abundances for most species, which is in agreement with
Remsen and Good (199&)ho found mistnetting to be ineffective at estimating relative spe-

cies abundancesn terms of species detection, however, medting revealed species unde-
tected by point counts in each forest type and estimated higher relative abundances for a number
of species.

During the same terms of surveying, point counts missed 9neiitdd species. The
general consensus implies that namstting is better than point counts in detecting cryptic or
otherwise secretive understory species (Wakkd@d. 1996, Gran& Faaborg 1997, Rappott
al. 1998 Blake & Loiselle 2001, Wang & Finch 2002) particularly small insectivores (Arizaga
et al.2011).1t is true that most of the species missed by point counts yet detected by mist nets
forage in the understory or near the forest floor, at least in the primary forest. There are a few
sub-canopy foragers among them, all of whom were detected in thelevidtion and montane
forest, where the probability of misetting birds with such foraging stratum preferences is
higher than in the lowland forest (see above).

Aside from the species missed by point counts,-me#ting detected higher relative
abundance than point counts for a number of spec@ganomitra oritis, Estrilda nonnula,
Cryptospiza reichenowi, Linurgus olivaceus, Phyllastrephus xaaretiAndropadus latiros-
tris, Ploceus melanogastandStiphronis erythrothoraxThese species are secretaral over-
al | not t oo Vv o ce &l.ROAS). Mordoven estimatSseotireldive alkundance
were similar between t he Campdplragadpstiti, Andepadua n c e
curvirostris, Aplopelia larvata, Cinnyris batesi, Hirundo rusticagiita bicolor, Phylloscopus
trochilus, Turdus pelios, Parmoptila woodhousei, Pogoniulus atroflavus, Alcedo quad-
ribrachys, Muscicapa sethsmitand Smithornis sharpeiAll these birds belong to relatively
rare species on Mt. Cameroon (Ferehal.2016),except ofTurdus pelioswhich is probably
more vocally active detrali261§).Poirt eunts esyimatedémnusho n (S
higher abundances than mrsttting for 49 species. Martiet al. (2017) found that the two
met hodso6 peredepmadeati s They-heavegd tbmmuMbboi
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communities with a substantial proportion of birds active in the lower strata) are better assessed

by mist net-Beawhereawmmiébiopi es (i .e. communi't
oo birds active in the canopy) are better ass
vary in this respect along the gradient. Therefore, | suggest using a combination of methods for
areas with high habitat variability, or the use of grotmdan@y nets in areas with telpeavy

communities, such as the lowland forest of Mt. Cameroon.

Species Diversity and Trophic Guilds
In comparison to point counts, misétting estimated lower species diversity in all plots, espe-
cially in the lowland forestDiversity across the elevations estimated using-nesing data
reveals a humyhaped pattern. This is not unusual in the tropics, but it is more typical for dry
mountains (McCain 2009A). On the other hand, the diversity pattern detected by point counts
follows a decreasing loylateau trend, which is typical for wet mountains (McCain 2009A).
Since Mt. Cameroon is a wet mountain, and point counts are generally more efficient in detect-
ing species richnes$s(am & Faaborg 1997, Whitmaet al. 1997, Blake &Loiselle 2000,
Blake & Loiselle 2001, Wang & Finch 2002, Derlindati & Caziani 2008p not recommend
using understory mist nets for species diversity or richness estimation on wet tropical mountains
with high canopyThis was the case of the lowlandnfarest on Mt. Cameroon, where mist
netting was much less effective if compared to higher altitudes. Howleto the relatively
high number of species that were detected by-n@tt and missed during point counts (n = 9),
| recommend using mist nets to complement point counts during diversity assessment surveys.
On the other hand, betweelevation beta diusity estimates of both methods followed
an almost identical trend on Mt. Cameroon. Both revealed the largest beta diversity between 30
and 350 m a.s.l., and between 650 and 1100 m a.s.l. Eaalf plitsmarks a transition zone
between the different tgs of rainforest (Djomo Nanet al. 2015) The plotat 30m a.s.l.
(Bimbia-Bonadikombo Community Forest) is isolated from the lowland rainforest of Mt. Cam-
eroon and placed about 20 km apart (Feetnal. 2016). The eea between 650 and 1160
a.s.l.is onthe boundary between the closemhopy lowland forest and the open raldvation
forest and the structure and species composition of the vegetation is quite distinct in each plot
( Ho 6t81k2019) These findings ar e etial20@)gvhcefemdghatt wi t |
compositional and functional diversity was driven by the distance between the study plots and
dissimilarity in their tree community.
Furthermore, both methods detected similar abundance distribution patterns of the two
most diverse guilden Mt. Cameroon: insectivores and frugivores. Both methods detected an
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unchanging trend inectarivorouspecies proportions along the gradient and a mild decrease
in their abundance in the malevation forest, but mistetting data show a substantiatiease
in their proportions in the montane forest, a growth not so evident in ourqouint data.
Similarly, mistnetting data estimated higher granivore proportions than point counts in the
montane forestt seems that migtetting is quite effectiveni estimating abundances of these
feeding guilds as the birds are active and mobile.

Given the noticeable similarities in detected trends among the two methods, | recom-
mend the use of mist nets as a complement to point counts in the assessment of community

composition and species turnover.
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4.2 Ecological Patterns Detected by Misetting
4.2.1SpecieRichness

Species richness is expected to decrease linearly with increasing elevation (e.g. MacArthur
1972, Terborgh 1977). However, this is not always the case, especially not on tropical moun-
tains, where species richness may follow a hsimgped pattern, decreagiow plateau pattern

or low plateau trend with a mielevational peak (McCain 2009A). Our misttting data point

at a humpshaped pattern in species richness with two peaks Mt. Cameroon, which is unex-
pected for such stable wet tropical mountains (McQADPA, Ferenet al.2016) but has been
demonstrated to occur across elevational gradients for a variety of taxa (e.g. Colwelt & Hurt
1994, Rahbek 1995, 1997). The hump at 650 m a.s.l. could simply be an artefact of the greater
sampling effort at this lation Herzog 200} although | partially controlled for it by averaging

the number of individuals per species by the number ofmeising terms per elevation. Still,

each season added previously undetected species into the dataset, which meadgtéetiatie
species richness at elevations with larger sampling effort was higher than itiveweldeen

be, had we only conducted one term of mistting in those plots. Furthermore, the peak in
diversity at 1500 m a.s.l. could be caused by the phenormexpdained above: the relaxation

of vertical stratification of birds at higher elevations allows for a higher capture rate of species
from higher forest strata (Terborgh 1977), therefore mist nets do not only detect more individ-
uals but also more speciesiththey would and didi in the lowland forest. The shape of the
curve will mirror the interactions and correlated variations among a range of biotic and abiotic
variables (Lomolino 2001). For such reasons, one must interpret diversity trends detected by
mist nets with caution. Point counts are a more efficient method in this matter, as | discuss
above.

The distribution of species richness along any montane gradient responds to habitat var-
iability (MacArthuret al. 1966, Karr 1971, Goerck 1999 H @t31§2019. The estimates of
betadiversity reveal a high species turnover between two pairs of elevations: 30 and 350 m
a.s.l.,, and 650 and 1100 m a.s.l. Each plot within the two pairs represents a distinct forest type,
and the plots are also far aptrerefore a high species turnover is expected even over short
distances (McCain and Beck 2015his has been recently confirmed to be the case on Mt.
Came r o o netal. 20DOBa@dkIdiscuss thisurtherbelow.

Janzen (1967) proposed a hypothesisdhggests that due to small fluctuations of tem-

peratures along elevational bands on tropical mountains, tropical birds should have narrow
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climatic specializations. As a result, their ranges should be smaller than the ranges of temperate

birds residing atimilar elevations, because they are used to substantially higher fluctuations in

temperature. However, temperatures fluctuate more at higher altitudes in the tropics as well

(Adamset al.1920), which led Stevens (1992) to hypothesize that montane sglecidd does

have wider range8ot h Janzends (McCain 2 &KXKSAidght)2018nd St e

hypothesefiave been tested globalMcCaintestedl anzends hypothesis on

vertebrates including birds and concluded that only breedingdbirds | ev at i on al ran

small er in the tropics, but in general, Janz

elevational range is best explained by mountain height (McCairB)08énilarly, McCain&

Knight (2013) found littletonosup or t f or Rapoport dés el evati on:
|l am only able to comment on the applicahb

Mt. Cameroon based on the presence or absence of birds recorded in particular plots and the

measured beta diversity between thdplMistnetting detected the greatest diversity of bird-

life on Mt. Cameroon between 1100 and 1500 m a.s.l. Incidentally, these elevations have the

highest species turnover of all elevations in the primary forest. Our data on species richness

across all mts collected using each method including random walks found that most species

on Mt. Cameroon live in the lowland and species richness sharply declines above 1100 m a.s.l.

Of the 22 checklisted species on Mt. Cameroon 2lspecies inhabit one forest &85 spe-

cies inhabit two forest types, and 25 occur in all three forest types. Of2lspddes that live

in only one forest type, 101 occur in the lowland forest (out of 1I®in the midelevation

forest (out of 18) and 12 in the montane forest {@mf 72). 47 of the 101 (46.53%) lowland

specialist, 15 of th&9 (78.9%%) mid-elevation specialists and 9 of the 12 (75%) montane spe-

cialists occurred in only one of our plots. In total, 63 species that occurred in more than one

plot (25.93%), 53 specidhat occurred in more than two plots (21.81%) and 42 species that

occurred in more than three plots (17.70%) have been detected in the montane forest, and on

the contrary, 109 species that occurred in more than one plot (44.86%), 74 species that occurred

in more than two plots (30.45%) and 31 species that occurred in more than three plots (12.76%)

have not been detected in the montane forest. If climatic variability causes the decline in species

richness with growing elevation, and species best adaptethrfeing in these conditions

shouldergohave a higher tolerance for temperature fluctuations, such species should be those

with the midpoint above 1100 m a.s.l., where species richness on Mt. Cameroon starts to de-

cline. | f Ra p o p oto bedpsesert loreMt.aCamemonatheserspeties shiowd

have been detected in a greater number of plots than the species whps@inglbelow 1100

m a.s.l. The opposite is true: 40 such species have been detected on Mt. Cameroon in more than
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two plots, whie 85 species with the migoint at or below 1100 m a.s.l. have been detected in
more than two plots. Besides, given that the elevational difference between the plots at 650 and
1100 m a.s.l. is much greater than the elevational difference between tbéthesplots, it

appears that the lowland group has greater elevational ranges. Moreover, larger ranges at higher
elevations would be reflected in an increasingly lower species turnover between plots at higher
elevations. On Mt. Cameroon, however, spetiesover at the highest elevations is equal to

or slightly larger than the species turnover estimated in the primary lowland. This is in line with
the general assumption that little variation in community composition is to be expected between
sites belonipg to a single habitat (assuming the lowland and montane sepaRadalinet al.

2000 . It seems unlikely that Rapoportos el eva
birdlife. The expected decrease in range size with growing elevation is more likely to be in
effect (Ferenet al. 2016 andgiven the great habitat heterogeneity amand between the

forest types, more answers on the distribution of species may be given by looking at the biotic

factors influencing them.

4.2.2Competitive pressures

Range compression and expansion of species may be affected by the presence oofibsence
competitors (Terborgh & Weske 1975, Remsen & Graves 1995). Closely related species have
similar ecological demands, and thus are likely to compete for resources (Terborgh 1971, Dia-
mond 19%). They must specialize, i.e. partition resources, or one vehtally outcompete
the other from the environment (e.g. Diamond 1975, Grant & Grant 2006, Bregala2015).
Elevational replacements of congeners as a result of competition have been described on trop-
ical mountains (Bull 1991, Terborgh 1971), yet feegearchers have decided to test competi-
tive interactions as a factor that restricts species ranges on tropical mountains (but see Jankow-
skiet al.2010). Indeed, it is not an easy task to control for possible competition between closely
related speciegspecially not in speciggch habitats, such as Mt. Camero@ne hundred
forty-threeof the checHlisted species on Mt. Cameroon live on the mountain with at least one
congeneric species, thus their distribution is likely to be shaped by the relationship between
them.

Competitive interactions between species need to be experimenttdly, test the ob-
vious patterns of coccurrence and absence of congeners in certain forest types or elevations

hint at the possibility of these interactions taking place. The following assumptions have been
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drawn from all our available data. While some camgrs may partition resources by foraging

for the same type of food in distinct forest strata (BagpogonDicrurus, Dyaphoropfia or

Oriolus) or by utilizing different foraging methods (e@laucidiumor llladopsig, some can
coexist because they apecialized for different types of food (eljgrita) or use a combina-

tion of some of the above mentioned mechaniggs Andropadusr Nigrita). Those that have
similarfeedingorf or agi ng preferences either compl et
in different forest types or elevations (e@sticola, Columba, Elminia, Muscicapa Ony-
chognathulor have a slight overlap in some elevations, most often at 30, 350, 650 and 1100

m a.s.l., and sometimes at 1500 m a.s.l. Where data are availaldesmeries show an asym-

metry in abundance, thus a possible dominance over their congeners in overlapping ranges (e.g.

Cyanomitra, llladopsis, Laniariusr Turtur), while some occur in equal numbers in at least a
part of their overlapping range (e@riolus). Other congeners emccur in much greater abun-
dances than anywhere else in their range Rhgllastrephuy while some species have only

been detected in particular elevations where they coexist with their similarly specialized con-
geners and nowheresel (e.gLaniarius poensis, Neocossyphus ruf@Byllastrephus albigu-

laris, Turtur aferor Turtur brehmerj. This mostly happens at 1100 and 1500 m a.s.l. The
greater number of ecologically similar speciesocourring in some patrticular elevations could

be explained by a greater carrying capacity and/or area of some of the elevational belts. Data
on resource abundance and distribution on Mt. Cameroon are so far unavailable. The extent in
which any competitive stress or release shapes community compositidnh Cameroon can-

not be estimated without appropriate experimental testing.
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4.2.3 Feedin@suilds

As mentioned above, range boundaries are shaped by various biotic and abiotic forces and the
speciesbd6 response tebal 1966¢ ksag 19719. Nat susprisindasuchr t h u r
response varies between different subsets of species. We may oliféerseats in avian com-
munity composition along the gradient if we divide the birds into their respective trophic guilds
(Terborgh 1977). Mishetting detected striking patterns of community composition along the
altitudinal gradient of Mt. Cameroon in i@gl to two of its most diverse trophic groups of birds:
insectivores and frugivores.

The proportion of insectivores follows a steady growth toward theeteication and
then an equally steep continuous decline in proportions toward the timberline. Tigf®rg)
argues that insectivores are attracted to structural complexity which, on Mt. Cameroon, con-
stantly grows with elevation but remains fairly complex in theeigivation forests, too, where
the canopy is still fairly tall, (280 m; Proctoet al.2007) and where the understory is denser
than it is in the lowland forest. Structural complexity cannot explain the decline in insectivore
proportions in the higher elevations. Chraehl. (2016) found, using grounri-canopy mist
nets, that insectivorgsrefer sites with dense foliage cover, but are particularly interested in
sites with young foliage. Given that the malkvation is rich in shrubs and herbs (Proetaal.
2007) and that it is often disturbed by forest elephants, unlike the montane @eak2016),
| believe these findings fit our observations on the prevalence of insectivores in takewaid
tion forest, and their decline at higher elevations. Nonetheless, a possible decline in resource
abundance may also contribute to the declirasactivore numbers toward the timberline but
controlling for resource abundance was beyond the scope of this study. Since insectivores make
up more than a half of all chedisted avifauna on Mt. Cameroon, | further divided them into
specialists based dhe substrate they acquire their food from. Foligganing insectivores
(FGIls) are the most diverse group of insectivores, and they dominate every plot on Mt. Came-
roon in species proportions. Their dominance, in this respect, grows toward the marmstne fo
In abundance, however, FGIs make up a smaller portion of the community than-geaucia-
ing insectivores (GSIs) in the primary lowland forest and at 1100 m a.s.l. GSls then appear in
lower proportions in the higher milevation forest and at 1800ars.l., only to regain slightly
higher abundances at 2200 m a.s.l. Nonetheless, their species proportion in the community
gradually decreases with growing elevation. An interesting pattern can also be seen in the pro-
portion of barkprobing insectivoreBPI), who are completely missing in our data from below
650 m a.s.l., and their proportions continually grow toward the highest elevation, becoming the
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third most abundant group of insectivores in the montane forest. Their absence in our lowland
data may b the result of the strict vertical stratification of foraging zones explained above,
because BPIs are expected to be abundant in lowland forest with a great variety of bare, insect
rich treetrunks (Terborgh 1977). Finally, insectivores who hunt for pmethe air (AFIs) are
underrepresented in our misetting data.

Frugivore proportions follow an opposite, albeit bimodal, triettteir proportions con-
tinuously decrease toward the natevation at 1100 m a.s.l. then increase again. Chtra!

(2016) aso noted that densities of frugivorous birds decline with increasing foliage density, but
the general lack of fruitich canopy in the miglevation forest may better explain why their
numbers are so low in this forest type, as their numbers increasarati@mmontane at 1800

m a.s.l. The proportions of frugivorous species at the edge of the forests (at 30 m a.s.l. and 2200
m a.s.l.) is substantially lower than in the neighbouring plots. This may still be caused by under
sampling due to the use of undery mist nets. Canopy mist nets have been shown to detect
higher proportions of frugivores (Derlindati & Caziani 2005).

Nectarivoresare the most abundant guild on Mt. Cameroon. &liecrous species pro-
portions remain constant across the entire gradgnite their abundances follow a negative
unimodal trend with minimum abundances at the-el@Vation and reach unusually high rates
in the topmost plot. Terborgh (1977) noted that lowland forests, through their complex vertical
stratification, may offer &ariety of resources, while montane forests may offer a higher abun-
dance of resources.

Finally, granivore proportions increase at 1100 m.awstere they reach a plateau, and
reach their maximum proportions at 2200 m a.s.l.

H o Se§ &.(2019) found that the recorded functional dissimilarity of avian assemblages
along the forested gradient on Mt. Cameroon was solely influenced by distaweemsam-
pling plots, which hints at a high spatial heterogeneity. When controlling for effects that influ-
ence communities within the elevational bands where they conducted point counts, they found
that tree composition, distance between the points, leafiadex and solar radiation all ex-
pl ained functi onethl.209. €msidering nay padints ybove kh ceit®ik to
the elevational zonation of trophic guilds, it would be interesting to investigate how the factors
descr i be étal(3019khBungekthe distribution of birds within particular guilds.
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4.2.4Species Abundance Along the Gradient

The area of zonal communities declines with elevation (Lomolino 2001), and as ranges shrink,
abundances are expected to follow (Brown 1984st@et al. 200Q Blackburn & Gaston

2009. In recent years, however, the supposedly ubiquitous positive abunrdagessize rela-

tionship has been repeatedly rebutted: bird assemblages on tropical mountains have been found
to be | argel yl198pbRyasda. b ® 99 F] 8k Herci o] latalL,& Ri | e
2006, ethb2dBEkDjomoNanaet al.2014, Ferenet al. 2016). Our mishetting data

confirm Ferencet ald $2016) findings based on point counts, implying species abundance
growswith elevation on Mt. Cameroon.

In order to explain high abundances of species in sppo@sareas, MacArthuet al.

(1972) proposedthespa |l | ed Adensity compensation hypoth
communities in areas with low species rieks may increase their abundance as they fill the
available ecological space (MacArthetral. 1972). Ferenetald s ( 2 0 Ldupt dapage- n t
vealed a monotonic decline in species richness with growing elevation, typical for wet tropical
mountains (McCai 20090\), and that total abundances are fairly stable across all elevations.
This means that an absolute density compensation is taking place on Mt. Cameroon, as abun-
dances remain constant while species richness declines. Our data are unfit to confam this
mist-netting highly underestimated total species abundance and richness on Mt. Cameroon, es-
pecially in the lowland forest. Regardless, mmstting revealed at least one possible mecha-
nism driving density compensation in avifauna according to Writ@8), which | have al-

ready hinted at abovie an apparent competitive release in the spgmi@s montane forest.

Niche theory (Case & Gilpin 1974) predicts that an ecological release in speoieareas will

cause the realized niches of local faunaxjga®d, as competitive pressures among closely re-
lated species subside. Consequently, the given species is able to utilize more space and re-
sources, and, as a result, increase its population density (MacArihui 972, Wright 1980).

The fact that mist ets on Mt. Cameroon detected an increasingly higher proportion of birds
confined to high foraging strata hints at the possibility of such release.

Further possible explanations for the high abundance of montane birds have been pro-
posed: a specialization pgthesis which assumes that species in areas oftéongececli-
matic stability are highly speciali ztal and
2012), and that species avoid extinction by maintaining high abundances in small ranges, as

smallpopulation size would be moved by an extinction filter (Williashsll. 2009). All three
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mechanisms are mutualhon-exclusive and all may play a part in keeping the populations of

montane species dense.

4.2.5TheProblem at thd-oothill

Secondangr owt h vegetation has replaced many of
habitat for bird species, migrant or resident (Terborgh & Weske 1969, Karr 1971, Martin 1985,
Blake & Loiselle 2001) as it minimizes the effects of fragmentatiotne surrounding area.
Although species richness in secondary forests is generally lower than in-trewtti, high
species richness and abundarsgeoissible in such forests duewariousfactorsincluding re-
source abundance (Blake & Loiselle 20arlow et al. (2007) noted thasecondarygrowth
forestsactasn saf ety netso for tropical species rict

Mist-netting in thesmall forest fragment surrounded $gcondarygrowth forestand
plantations at théoothill of Mt. CameroonBimbia-Bonadikomlm Community Forest30 m
a.s.l.)recorded an unusually low number of species (n = 15) and individuals (n = 47), albeit the
number ofobservedspecies that occur here is among the highest of all elevations (n = 117).
The community forest at this elevation is the only large remnant of littoral forest in the region
(Ferencet al. 2018. The possible explanation for this contrast is that speciesspéere in
very low densities due to fragmentation effects (Feetrat.2018), or that mishetting missed
most of the species and individuals of birds, which are mostly confined to the canopy in this
forest.

The structurally diverse forest is not groted by the Mount Cameroon National Park
(MNCP), which only protects the forest above 300 m a.s.|. Feseat (2018) compared bird
and butterfly species richness and abundance with tree species richness and volume at the same
plots we used in the lowta forest. Although tree species richness and volume were the highest
at 30 m a.s.l. bird and butterfly species richness and abundance were the lowest at this plot.
Unable to identify thealirectcause of the low diversity, the authors argue that the sapgnd
growth forest at the foothill of Mt. Cameroon suffers from nearby fragmentation and habitat
alterations (Dranzoa 1998, Owiunji & Plumptre 199&)rencet al.(2018) also reported a lack
of groundfeeding birds in this forest. The presence of craliBigharea may impose competi-
tive pressures on grousideding birds hindering their foraging succe@Serencet al. 2018).

Moreover, understory birds have been found to be generally more sensitive to forest

92



fragmentation e k e r etial®00R) and evegselective logging (Hameat al.2015), which
could explain why mishetting in this forest returned such a low abundance and richness of
birds.

Nonetheless, ur mist-nettingdata show that 24 of the 138 species (17.39%) that have
been recorded here thrdwaut the course of our study do not occur anywhere else on Mt. Cam-
eroon while our point count data further increase this number to 30 spAtsesthe majority
of kingfishers we detected by either method were recorded in this forest, which is netrsyrpri
considering he pl ot &6s pr oxi mi Rappoleebal (4998 arguethatmish nd t h
netting is more effective in secondaggowth forests than point counts. Our rmstting and
pointcount data are in disagreement with their findings, as are those of Blake & Loiselle (2001)
in the lowlands of Costa Rica.
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5 Condusion

Understanding macroecological processes on a global scale is only possible through a thorough
examination of the underlying mechanisms that form these processes within various types of
habitat across all latitudes and altitudes. It is unsurprigiag many ecological trends once
deemed universal are proven to be violated in the exceptionally complex tropical environments.
Given the restricted amount of available literature on Afromontane avifauna and the ongoing
callous habitat destruction in Afaand worldwide(Lambinet al. 2001, Hamadiet al. 2016

paired with the effects of the ongoing climate crisis omibatangyopulations of African birds

(Se k er etal@(12,Hamadiet al.2016), it is essential to pinpoint the most timaed cost
efficient surveying methods. Most importantly, though, these methods must overcome as many
biases as possible, providing as accurate results as possible. Omsetiveable tocreate and

apply measures for effective nature conservation.

| conclude that nst-netting is a vital method for use in bird community assessments in
speciegich areas with high habitat heterogeneity, where point counts, albeit more efficient at
recording species richnesstbabundance, may miss a considerable number of secretive species
recorded by mist net¥he method has its biases: it mainly detdsimall, active birds, and its
efficiencywas habitatdependent. As Martiet al. (2017) suggested and | herebgnfirm, un-
derstory mist nets are more efficient in habitats with low canopy height and dense understory
vegetation ceer. Moreover, in agreement with Terborgh (197®onclude thamist-netting
is more efficient at detecting birds from higher foresdtatpast the point of decline in species
richness along the elevation, i.e. past the lowland forest, where competitive release allows birds
to expand their realized niche. Grodtedcanopy mist nets may uncover additional species that
are usually missed hynderstory mist nets. However, they require more physféatt and are
very sensitive to weather, especially diDerlindati & Caziani 2005).

Mist-nettingwas similarly efficient at detecting some key trends along the gradient as
point counts, such aketadiversity between elevational plots or community composition
changes in relation to the -retiingsaobaskficerdatng g u
measuring relative abundances as point counts, it clearly exposed the negative abanmedgance
relationship appearing on Mt. Cameroon, following the assumption that area declines with
growing elevation as Fereet al.(2016) have found.

The forests of Mt. Cameroon are remarkably compldse primaryrainforestswithin
the MCNP change from alt lowlandforest with a complex vertical stratification and dense
canopy, through an open ragdevation forest with a dense understory layer rich in shrubs and
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herbs, to a tall montane rainforest with dense understory and fairly open canopy. This habitat
diversity hinders the effectivity of a single surveying method along the gradient, simply because
each method works differently in various environments. For this and several other reasons dis-
cussed above, | highly suggest the simultaneous use ehatisg and point counts along such
structurally diverse altitudinal gradieriiecauseéhey complement each other considerably, to-
gether providing a thorough examination of the local avifauna.

Finally, the secondary lowland forestithin and around thé&imbia-Bonadikombo
Community Forest (BBCH)osts various kinds of environments including coastal fonests;
groves and swamps, which are threatened by nearby logging. Protecting this environment is
cruci al, as secondar y tbpical spedes ricktness (Bal®tali s af et
2007). Moreover, while several species inhabiting this forest can be found in the primary forests
of Mt. Cameroon, too, the overall community composition in this forest is strikingly different
from the one observed MCNP. The area of this forest is not protected by MNCP thus | highly
suggest a more intensive cooperation between the managements of the BBCF andMNCP.
results further support Fereatald6 s ( 2018) suggestion, that due
theBBCF should be considered a unique location for the conservation of biodiversity of global

importance, as it has recently been found to be continuously exploited and logged.
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Appendix

Picture 1 The secondary lowland forest at the Biadikombo Community Forst, 30 ma.s.l.
Photo: OndSej Sedl 8| ek.

Picture2TheseanearourplotattheBim%ﬁaoadi kombo Communi t y Forest
Sedl 8] ek.
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Picture 3 Pointcounting at the BimbiBonadikombo Community Forest, 30 m a.s.l. PhGtox d S e |
Sedl 8] ek.
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