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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, range-restricted montane popula-

tions of birds on Mt. Cameroon are unusually abundant if compared to lowland species. I ana-

lysed data on community composition, species richness and abundance of birds using an alter-

native quantitative method - 200 m of understory mist nets erected for three consecutive days 

across seven elevational plots along the forested gradient of the Mt. Cameroon. First, I looked 

at the technical limits of this method and confirmed the general opinion that they are better at 

detecting small birds below 33 g, and that they mostly detected fewer individuals after the first 

day and always detected fewer new species after the first day of mist-netting. Mist nets detected 

high proportions of ground-feeding and understory birds and low proportions of birds foraging 

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 understory. They detected higher proportions of 

canopy-foragers in the montane forest, which has a dense understory and an open canopy. Sec-

ond, I looked at the efficiency of mist-netting in detecting elevational patterns in the ecology 

of birds on Mt. Cameroon. Mist nets recorded higher species abundances in the montane forest, 

and very low abundances or a complete lack of understory and ground-feeding foragers at the 

foothill of the mountain. Mist-netting data also revealed that the species richness along the 

elevational gradient follows a hump-shaped pattern with a mid-elevational peak. Finally, I 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 abundance, especially in the lowland 

forest where mist-nets 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 gradient as well as a similar increase of individuals per 

species with growing elevation. The two methods also uncovered similar elevational patterns 

of community composition in terms of the birdsô feeding guilds. Mist-netting recorded 9 species 

that were completely missed by point counts. I confirm that the efficiency of both methods is 

habitat-dependent, 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; mist-nets; point counts; sea-

sonality; methods 

 



 

Abstrakt v  slovenļine 

Kamerunsk§ hora je centrom diverzity a endemizmu v Afrike. Ned§vny vĨskum vt§ļ²ch 

spoloļenstiev zaloģenĨ na bodovĨch meraniach na tejto hore zistil, ģe druhov§ bohatosŠ je 

podobne vysok§ pozdŌģ cel®ho n²ģinn®ho gradientu, a ģe vysokohorsk® popul§cie vt§kov s¼ na 

rozdiel od n²ģinnĨch popul§ci² veŎmi poļetn®. Zanalyzoval som d§ta o zloģen² vt§ļ²ch 

spoloļenstiev, ich druhovej bohatosti a ich poļetnosti, nameran® alternat²vnou kvantitat²vnou 

met·dou ï dvesto metrov dlhĨmi sieŠami postavenĨmi v podraste lesa po dobu troch dn² 

v siedmych nadmorskĨch vĨġkach pozdŌģ juģn®ho svahu Kamerunskej hory. Najprv som sa 

zameral na technick® limity tejto met·dy a potvrdil som vġeobecne prijat® domnienky, ģe siete 

efekt²vne zachyt§vaj¼ mal® vt§ky s hmotnosŠou pod 33 g, a ģe poļet jedincov po prvom dni 

vªļġinou klesne, priļom poļet novo zaznamenanĨch druhov klesne vģdy. V n²ģinnom pralese 

s husto zarastenĨmi, vysokĨmi korunami stromov a riedkym podrastom zachytili siete najmª 

vt§ky akt²vne zh§Ŕaj¼ce potravu na zemi a v podraste. V oblasti na hranici n²ģinn®ho 

a vysokohorsk®ho pralesa, ktor§ je charakteristick§ rozŎahlĨmi otvorenĨmi plochami a hustĨm 

podrastom, sa do siet² chytali podobn® proporcie vt§kov zo vġetkĨch lesnĨch poschod², a vo 

vysokohorskom pralese s relat²vne riedkymi korunami stromov a hustĨm podrastom sa chytali 

najmª druhy zh§Ŕaj¼ce potravu v korun§ch stromov a v podraste. ńalej som sa venoval 

trendom v zloģen² vt§ļieho spoloļenstva, jeho druhovej bohatosti a poļetnosti pozdŌģ 

vĨġkov®ho gradientu Kamerunskej hory, ktor® siete odhalili. Siete zaznamenali vysok® 

abundancie vysokohorskĨch popul§ci² a naopak veŎmi n²zke abundancie ļi ¼pln¼ nepr²tomnosŠ 

vt§kov zh§Ŕaj¼cich potravu na zemi ļi v podraste v sekund§rnom lese na predhor² Kamerunskej 

hory. PodŎa sieŠovĨch d§t rastie druhov§ bohatosŠ vt§kov pozdŌģ vĨġkov®ho gradientu aģ po 

stredn® nadmorsk® vĨġky a potom zas kles§ aģ po hranicu lesa. Na z§ver som porovn§val d§ta 

zo sieŠovĨch odchytov a bodovĨch meran², ktor® sa zbierali v rovnakom term²ne v danej 

nadmorskej vĨġke. Zistil som, ģe bodov® merania s¼ vhodnejġie na meranie druhovej bohatosti 

a poļetnost², najmª v n²ģine, kde siete nezaznamenali veŎk¼ ļasŠ spoloļenstva. Obe met·dy 

vġak odhalili podobn® ekologick® javy: namerali podobnĨ rozsah druhov®ho obratu pozdŌģ 

vĨġkov®ho gradientu, ako aj podobnĨ n§rast v poļte jedincov na druh s rast¼cou nadmorskou 

vĨġkou a podobn® zmeny v zloģen² vt§ļ²ch spoloļenstiev pozdŌģ vĨġkov®ho gradientu 

z pohŎadu ich potravnĨch guild. Siete odhalili devªŠ druhov, ktor® bodov® meranie 

nezaznamenalo. Potvrdzujem, ģe efekt²vnosŠ oboch met·d z§vis² na type prostredia 

a podporujem ich simult§nne vyuģ²vanie pre dosiahnutie ļo najpresnejġ²ch vĨsledkov. 

 

KŎ¼ļov® slov§: tropick§ Afrika; daģŅovĨ prales; vt§ļie spoloļenstv§; vĨġkov® gradienty; 

sieŠov® odchyty; bodov® merania; sezonalita; met·dy 
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1 Introduction 

1.1 The Altitudinal Gradient of Diversity 

 

The tropics hold the greatest part of the worldôs diversity (Klopfer & MacArthur 1960, Willig 

et al. 2003), and the factors that influence diversity are both extrinsic ï such as temperature, 

rainfall or productivity (Hawkins et al. 2003) ï and intrinsic, driven by biotic interactions and 

evolutionary processes (Mittelbach et al. 2007). It is, however, challenging to explain what the 

underlying factors are, and the complexity of tropical environments perplexes ecologists to this 

day. 

Just as the worldôs species richness declines with growing latitude, it is widely accepted 

that it declines with growing altitude as 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 soil 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 1995, 2005, McCain 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 low-elevational high-species-richness plateau pattern but with a mid-ele-

vational peak, or a unimodal pattern with a continuous increase in diversity toward 

the mid-elevation followed by a monotonic decrease (McCain 2009A).  

 

Tropical mountains are hotspots of diversity (Lomolino 2001) and birds have been the 

focus group of countless studies aiming to describe patterns in their distributions along tropical 

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, McCain 2009A, HoŚ§k et al. 2019). 
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Several environmental factors have been outlined that could shape species distribution 

along gradients. Temperature variables, for instance, may be its key drivers (Root 1988, Reif et 

al. 2006, Zuckerberg et al. 2011, Halbritter et al. 2013). Daniel Janzen (1967) observed 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 acclimation capacities 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 narrower elevational 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 (Adams et al. 1920), thus tropical montane species should have a broader tolerance, 

and, as a consequence, a larger range (Stevens 1992). That is Rapoportôs elevational rule (Ste-

vens 1992), which describes a positive relationship of species range sizes with increasing 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 narrower than the 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 (McCain & 

Knight 2013). 

 Further factors influencing the shape of such altitudinal patterns may include evolu-

tionary history (Kozak & Wiens 2010), space (Ferenc et al. 2016; see below), habitat structure 

(HoŚ§k et al. 2019; see below) or forest age (Santamar²a-Rivero et al. 2016) and many biotic 

processes (McCain 2009A).  

Another generally accepted trend in ecology has been found to be violated in avian as-

sembles of tropical montane forests: the positive inter-specific relationship between range sizes 

and abundance (Fjelds¬ 1999, Ryan et al. 1999, Sekercioĵlu & Riley 2005, Reif et al. 2006, 

HoŚ§k et al. 2010, Fjelds¬ et al. 2010, 2012, Djomo Nana et al. 2014, Ferenc et al. 2016). The 

positive abundance-range size relationship is pervasive in the temperate zone (Brown 1984, 

Gaston et al. 2000, Blackburn & Gaston 2006), and it may be shaped by resource use and avail-

ability (Brown 1984), by the speciesô vital rates (Holt et al. 1997) or by their dispersal (Brown 

et al. 1996). On the contrary, the negative abundance-range size relationship has been proposed 

to be shaped by three factors which may act synergistically on tropical mountains:  
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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 

montane populations. 

2. A long-term eco climatic stability enabling narrow ecological specialization which 

mediates high local abundances (Reif et al. 2006, Fjelds¬ et al. 2012). 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 ranges (Williams et al. 

2009), since such species with low population densities are more likely to go extinct 

(Schaffer 1981, Ferenc et al. 2016). 

 

The majority of studies that aim to disentangle the processes that drive the diversity and 

abundance of birds along altitudinal gradients on tropical mountains have been conducted in 

South America, which is not surprising considering that the neotropical avifauna is the worldôs 

richest (Latta et al. 2011). There is, on the other hand, a great gap in knowledge about these 

processes taking place in the similarly diverse Afromontane avifaunal assemblages (but see e.g. 

Ryan et al. 1999, Sekercioĵlu & Riley 2005). Understanding the underlining mechanisms that 

drive macroecological processes on a global scale, in order to get closer to a unifying theory of 

biodiversity, requires thorough surveying across a range of various environments.  

A series of recent studies about the above-mentioned patterns in avian species richness 

and abundance have been conducted in the forests Cameroon mountains (Reif et al. 2006, 

Ferenc et al. 2016, HoŚ§k et al. 2019). Reif et al. (2006) recorded an unusually high abundance 

of montane species in Bamenda Highlands, a part of Cameroon mountains, whereas Ferenc et 

al. (2016) studied avian communities along the elevational gradient of the entire primary forest 

on the southern slope of Mt. Cameroon and found a negative (albeit non-significant) abun-

dance-range size relationship along the entire surveyed gradient. Furthermore, HoŚ§k et al. 

(2019) explored the 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 below the mid-elevation and decreased thereafter (HoŚ§k et al. (2019). All these studies 

used one surveying method, point counts (Bibby et al. 2000).  
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1.2 Methods of Bird Assessment: Point Counts and Mist Nets 
 

The point-counting method (Bibbi et al. 2000) is currently the most common bird-surveying 

method and is suggested for surveys in areas with dense vegetation and high species richness 

(Martin et al. 2017). During point counts, ornithologists follow a transect of points, where they 

document the heard and observed birds within a fixed distance radius (see 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, Whitman et al. 1997, Blake 

& Loiselle 2000, 2001, Wang & Finch 2002, Derlindati & Caziani 2005). As all surveying 

methods, the point counting method has its disadvantages. Perhaps its most pronounced draw-

back is its absolute reliance upon the observerôs (i.e. ornithologistôs) skill and upon the detect-

ability of the assessed birds. Unskilled ornithologists may miss a lot of species which are un-

known to them or misidentify them. The ability to detect species may vary substantially be-

tween observers (Rappole et al. 1998, Nichols et al. 2000). Sedentary, quiet or otherwise se-

cretive birds are often missed by point counts. New acoustic sampling methods are under de-

velopment (Sedl§ļek et al. 2015). 

A method that has been suggested as a vital complement to point counts is the mist-

netting method (Terborgh et al. 1990, Ralph & Dunn 2004). The combination of both methods 

is believed to provide the best results during bird community assessment (Whitman et al. 1997, 

Blake & Loiselle 2001). Mist-netting avoids observer bias (Wang & Finch 2002) and is more 

efficient at detecting secretive species than point counts (Wallace et al. 1996, Gram & Faaborg 

1997, Rappole et al. 1998, Blake & Loiselle 2001, Wang & Finch 2002), especially in areas 

with dense understory (Martin et al. 2017). In species-poor areas, mist-netting has even been 

dubbed equally good in estimating species abundances as point counts (Wang & Finch 2002, 

Estades et al. 2006). But Mt. Cameroon is not species-poor, and interpreting relative abun-

dances from mist-netting data is affected by a number of factors (MacArthur and MacArthur 

1974), leading some authors to believe that this method is unfit for studying relative abundances 

and that mist-netting data solely represent bird activity (Remsen & Good 1996). Clearly, mist-

netting overestimates highly active understory birds, and misses large, sedentary or canopy 

birds in forests with tall and structured vegetation (Blake & Loiselle 2001, Martin et al. 2017). 

But several authors argued that mist-netting is very efficient in 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 combination of these methods to be used during avian community 
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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 ground in the middle elevation forest, and a montane forest with fairly tall canopy but 

denser understory than the lowland forest (Proctor et al. 2007. Djomo Nana et al. 2015). 

 

 

1.3 Aims of Study 
  

In my thesis, I aim to assess bird community data collected along the elevational gradient of 

the rainforest on Mt. Cameroon between the years 2011 and 2017 using mist nets. I aim to 

pinpoint the strengths and weaknesses of mist-netting during the dry season on Mt. Cameroon, 

including the extent in which mist-netting successfully recorded the avifaunal community 

known to occur along the forested gradient of Mt. Cameroon. Further, I aim to assess how the 

results of mist-netting differed between various elevations and forest types, and, where possi-

ble, identify the differences in the outcome of mist-netting during the dry and rainy season. 

Moreover, I aim to identify the morphological and behavioural characteristics of bird species 

that may boost or hinder their detectability by mist-netting and compare the results with the few 

similar studies that have been conducted in various parts of the worldôs tropics.  

Most importantly, however, the aim of this work is to describe the general ecological 

patterns observed by mist-netting along the forested altitudinal gradient of Mt. Cameroon dur-

ing the dry season. I 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 avian assemblages in respect to their trophic guilds.  

Finally, I include a comparison analysis of the outcomes of mist-netting with the results 

of point-counting. 
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2 Materials & Methods 

2.1 Study site 

 

The study was conducted along the south-west slope of Mt. Cameroon (South-West Province, 

Cameroon, West Africa). The mountain (4Á10ô2ò N, 9Á05ó3ñ E) is an active volcano with 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 the Cameroon Volcanic Line, and the highest mountain of the 

central-west Africa (Fig. 1). It has a persistent cloud cover and perhumid climate (Fonge et al. 

2005). The highlands of the Cameroon Volcanic Line are an important hotspot of diversity 

(Graham et al. 2005), and Mt. Cameroon is recognized as part of the most unique areas of bird 

endemism in Africa (Fishpool & Evans 2001). With its height and position, the thermally very 

stable and wet mountain is a clearly defined and isolated geographical unit with specific avi-

fauna (Graham et al. 2005), including two strictly endemic species, Francolinus camerunensis 

and Speirops melanocephalus, and ten endemic subspecies (Gill & Donsker 2014).  

The south-west slope is distinctive in comparison to the surrounding lowlands in that it is 

largely covered by tropical forest (Ferenc et al. 2016). Its foothill is covered by plantations or 

secondary-growth forests. The structurally heterogenous Bimbia-Bonadikombo Community 

Forest, with its area of 3,735 ha, covers about 15-20 km of coastal forests, mangroves and a 

freshwater swamp forest (Ferenc et 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. Cameroon (Fig. 2). 

The secondary forest further transforms into a pristine primary old-growth forest above 300 m 

a.s.l., which is protected by the Mount Cameroon National Park (MCNP). The primary lowland 

forest consists of tall vegetation (up to 48 m), with sparse understory and closed canopy. Gaps 

in the canopy are, however, frequent above 600 m a.s.l. (Proctor et al. 2007). Two sampling 

plots were established in the primary lowland forest at 350 and 650 m a.s.l.  

The mid-elevation forest spans between ca 900 to 1600 m a.s.l. This forest type is patchy and 

degraded due to disturbance caused by the African forest elephant (Loxodonta cyclotis), in con-

trast with the closed-canopy lowland forest, the mid-elevation forest has characteristic vast, 

open areas rich in shrubs and herbs which are dense due to high solar radiation (Fonge et al. 

2005, Djomo Nana et al. 2015). Trees in this forest type are still tall (up to 43 m). Two sampling 

plots were established in the mid-elevation forest, one at 1100 m a.s.l. and one at 1500 m a.s.l. 
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near Crater Lake, which is an essential source of water for Mt. Cameroonôs fauna during the 

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 strangling Schefflera are typical for this forest, as well as the lack of lianas 

and buttressing, which are typical for the lowland areas (Proctor et al. 2007). Trees in the mon-

tane forest are tall (up to 45 m) and the canopy is relatively open. The ongoing volcanic activity 

causes an abrupt timberline between 2200 and 2300 m a.s.l. Two sampling plots were estab-

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

 

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 dashed line. Taken from Ferenc et al. (2016). 

 

 

 

 

Mt. Cameroon

Mt. Etinde

N
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Fig. 2 Map 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 (mid-

November-March) but some plots were sampled during the peak rainy season (August-Septem-

ber) as well. Sampling was conducted in seven plots spanning seven forested elevations (30, 

350, 650, 1100, 1500, 1800, 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 undergrowth in one 200 m long row ï straight, 

if possible ï and were continuously open between 6 a.m. and 6 p.m. for three consecutive days 

(referred to as ñone mist-netting termò) during the dry season (November-December and Feb-

ruary-March). This, however, proved impossible during the rainy season (August-September) 

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 during the 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 of mist-net-

ting were not included in the analyses. In order to minimize the effect of a greater sampling 

effort at 350, 650 and 2200 m a.s.l. (i.e. more than one mist-netting 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 
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abundances by the number of plots in which the species was recorded (following Ferenc et al. 

2016). The number of species recorded per plot is referred to as the ñtotal abundanceò. The sum 

of elevational abundances is referred to as ñthe number of all mist-netted individualsò. 

 

Point Counts 

Bird communities were sampled between 2011 and 2013 during the dry season (November-

December) in the same plots as mist-netting, with the exception of 30 m a.s.l. (see Table 1), 

using a standardized point-count method (Bibby et al. 2000). Birds were recorded between 6 

and 10 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 order of points was changed 

during each visit. During each visit, the birds were recorded in 5-minute intervals. The maxi-

mum number of individuals per species recorded during any of these 5-minute intervals was 

recorded as the speciesô abundance at the given plot, and the sum across all 16 plots as its 

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 plots in which the species was detected. 

 

Random Walks 

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

tion and are further referred to as ñcheck-listedò species. 
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Table 1 Summary of study sites with plot elevation (in m a.s.l.), common plot name, forest type, 

number of netting terms per season per plot, month and year of surveying, and no. of point-count 

terms conducted per plot on Mt. Cameroon 

Elevation Plot name Forest type 

No. of mist-

netting terms 

per season 

(dry / rainy) 

Month  

and year 

No. of 

point-

counting 

terms 

30 m 
Bimbia- 

Bonadikombo 

Lowland 

(Secondary) 
1/0 Dec. 2015 1 

350 m 
Bamboo 

Camp 

Lowland 

(Primary) 
3/1 

Nov. 2011 

Feb. 2012 

Sep. 2013 

Nov. 2013 

1 

650 m 
Drinking 

Garri 

Lowland 

(Primary) 
4/0 

Mar. 2012 

Nov. 2013 

Dec. 2014 

Nov. 2015 

1 

1100 m 
Planti  

Camp 
Middle 1/1 

Nov. 2012 

Sep. 2014 
1 

1500 m 
Crater  

Lake 
Middle 1/0 Nov. 2011 1 

1800 m 
Elephant 

Camp 
Montane 1/0 Nov. 2012 1 

2200 m 
Mann's 

Spring 
Montane 2/2 

Nov. 2011 

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 & Demey 2014). Species 

were further divided into trophic guilds based on their dietary preferences: insectivores, fru-

givores, nectarivores, granivores, carnivores. Kingfishers (Alcediniidae) are listed as a separate 

guild. Waterbirds were excluded from our dataset. Given 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. ground-searching insectivores (GSIs), 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 were divided into groups based on their preferred foraging stratum: forest floor, un-

derstory, sub-canopy and canopy (Fig. 3). The data on species ecology were taken from The 

Birds of Africa (Fry et al. 1982-2004). 

 

Fig. 3 In illustration of the lowland forest at ca. 600 m a.s.l. on Mt. Cameroon, taken from Proctor et al. 

(2007) and edited. The axis on the right marks the approximate foraging strata of Mt. Cameroonôs avi-

fauna: forest floor, understory, sub-canopy and canopy.  
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2.4 Statistical Analyses  
 

All statistical analyses were performed in RStudio (R Core Team 2019). Shapiro normality tests 

were used to test for normality and Fligner tests to test for homoscedasticity. I used non-para-

metric Kruskal-Wallis and Wilcoxon tests to test for differences in the outcomes and short-

fallings of mist-netting and/or point counts. Post-hoc Dunn tests with Bonferroni corrections 

were used where necessary using the package óFSAô (Ogle et al. 2019). Diversity, including 

rarefaction curves, beta-diversity estimates using Jaccardôs index of dissimilarity and diversity 

estimates using Simpsonôs index of diversity was analysed using the package óveganô (Oksanen 

et al. 2019). Rank-abundance curves were drawn using the package ógoevegô (Goral & Schal-

lenberg 2018).  

To draw rarefaction curves from the overall mist-netting data (i.e. my main analysis) I 

used data with the largest sample size for elevational plots with more than one mist-netting 

term, as they can only be drawn using whole numbers, a condition that cannot be met when 

using averaged data from a number of mist-netting terms.   

For the comparisons of mist-netting and point counts, I only used data collected during 

surveying terms conducted at the same time in each elevational plot. To compare the results on 

bird detection by either of the method, I calculated the capture rate (CR) of each bird recorded 

by mist-netting, expressed as 1 mist-netted bird per 1000 meter-hours (mh), and point-count 

density (PCD) of each counted bird, expressed as 1 point-counted bird per 10 ha (Table 2). The 

resulting graphs were created using the package óggplotô (Wickham 2016). Finally, I used 

Spearmanôs correlation coefficient to measure the correlation between CR and PCD. 
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3 Results 

3.1 The Practical Limits of Mist-Netting 

3.1.1Variability in Bird Detection Across Space and Time 
 

The number of individuals captured during one mist-netting 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 catch ï 243 individuals ï was reached at Mannôs Spring (2200 m a.s.l.), but due 

to a higher sampling effort at this site (more mist-netting terms), the total number of individuals 

captured at this elevation was averaged by the number of mist-netting terms and is, therefore, 

lower (Fig. 4A). Total abundances generally grew toward the higher elevations (Fig. 4A). Sig-

nificantly fewer individuals were mist-netted each day in the lowland forest (up to 650 m a.s.l.) 

than in the mid-elevation (1100 and 1500 m a.s.l.; post-hoc Dunn test, Z = -2.711, P unadjusted 

= 0.0067, P adjusted = 0.013) and montane forest (1800 and 2200 m a.s.l.; post-hoc Dunn test, 

Z= -3.119, P unadjusted = 0.0018, P adjusted = 0.0054). 

 

The number of species detected during one mist-netting term varied between 15 (Bimbia-Bo-

nadikombo site, 30 m a.s.l.) and 34 species (Planti Camp site, 1100 m a.s.l.). The general trend 

was hump-shaped with a mid-elevation peak (Fig. 4B). The number of species recorded each 

day was higher in the mid-elevation forest than in the lowland and montane forest, but the 

difference was not significant (Kruskal-Wallis, ɢ2 = 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 mist-netting than on any other day 

in all plots (Kruskal-Wallis, ɢ2 = 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, ɢ2 = 5.36, d.f. = 2, P = 0.069). The second and third mist-netting day added signifi-

cantly less new species to the dataset than the first day (Kruskal-Wallis, ɢ2 = 24.48, d.f. = 2, P 

< 0.001; Fig. 5B).  
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Fig. 4 Total abundance (A) and elevational species richness (B) of avifauna recorded in each elevational 

plot (listed in m a.s.l.). The three shades of green mark three distinct forest types: lowland, mid-elevation 

and montane. 

A 

B 
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Fig. 5 No. of individuals (A) and new species (B) detected per mist-netting day. The picture shows all 

elevational plots on Mt. Cameroon summed together. The amount of previously undetected species de-

creased with each passing day. The thick line marks the median. 

 

 

A 

B 
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The Lowland Forest 

 

Together, we recorded 148 bird species (checklist) in the lowland forest. Out of these species, 

52 were mist-netted, 37 of them were exclusively in this forest type. The mean number of mist-

netted individuals in the lowland forest reached its peak during the second day of mist-netting 

(Fig. 6A), but between-day differences in catch numbers were not significant (Kruskal-Wallis, 

ɢ2 = 2.42, d.f. = 2, P > 0.2). The number of previously unrecorded species declined with each 

passing day, but new, previously unrecorded species kept being recorded (Kruskal-Wallis, ɢ2 = 

13.52, d.f. = 2, P = 0.001; Fig. 6B).  

 

 

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

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 check-listed species for this elevation). This site was far the poorest 

in the number of mist-netted individuals of all elevational plots. More individuals were caught 

during the second day of mist-netting 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 mist-netting were conducted at 350 m a.s.l. On average, 85.65 individ-

uals of 20.33 species (16.80% of the 121 check-listed species for this elevation) were recorded 

there over the course of three days (Fig. 4A, B). Overall, the number 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 mist-netting were conducted at 650 m a.s.l. On average, 69 individuals 

of 24.25 species (19.25% of the 126 check-listed species for this elevation) were recorded there 

over the course of three days (Fig. 4A, B). More individuals were mist-netted during the second 

day than during the first or the third day (Fig. 7A). With the exception of one term, the number 

of previously unrecorded species declined with each day (Fig. 7B). 
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Fig. 6 No. of new individuals (A) and species (B) detected per mist-netting day in the lowland forest of 

Mt. Cameroon. The thick line marks the median. 

 

 

 

A 

B 
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Fig. 7 No. of mist-netted individuals (A) and new species (B) detected per mist-netting day in the low-

land forest of Mt. Cameroon divided into elevations (listed in m a.s.l.) 

  

A 

B 
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The Mid-Elevation Forest 

 

Together, we recorded 127 bird species (checklist) in the mid-elevation forest. Out of these 

species, 47 were mist-netted, 21 exclusively in this forest type. More individuals were recorded 

during the first day of each mist-netting term than during the second or third day (Fig. 8A), 

albeit not significantly so, probably due to a low sample size (Kruskal-Wallis, ɢ2 = 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 without statistical significance due to a low sample size (ɢ2 = 

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 species (30.09% of the 113 check-listed species for this ele-

vation) were recorded at 1100 m a.s.l. over the course of three days (Fig. 4A, B). Most birds 

were mist-netted 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 check-listed 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 declined with each passing day (Fig. 9A, B).  
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Fig. 8 No. of mist-netted individuals (A) and new species (B) detected per mist-netting day in the mid-

elevation forest of Mt. Cameroon. The thick line marks the median. 

A 

B 
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Fig. 9 No. of individuals (A) and new species (B) detected per mist-netting day in the mid-elevation 

forest of Mt. Cameroon divided into elevations (listed in m a.s.l.) 
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The Montane Forest 

 

Together, we observed 72 bird species (checklist) in the montane forest. Out of these species, 

33 were detected by mist nets, 12 exclusively in this forest type. Mist-netting detected more 

individuals during the first day than during the second or third day, although the difference is 

not statistically significant (Kruskal-Wallis, ɢ2 = 5.42, d.f. = 2, P = 0.066; Fig. 10A), probably 

due to a low sample size. Numbers of new species per day declined with each passing day 

(Kruskal-Wallis, ɢ2 = 6.60, d.f. = 2, P = 0.0369; Fig. 10B). 

 

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

A total of 174 individuals of 25 species (41.67% of the 60 check-listed 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 the least on day two (Fig. 11A), while species numbers declined with 

each day (Fig. 11B). 

 

Mannôs Spring site, 2200 m a.s.l. 

An average of 176.5 individuals of 22 species (45.83% of the 48 species check-listed for this 

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

individuals and new species declined with each passing day (Fig. 11A, B). 
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Fig. 10 No. of individuals (A) new species (B) detected per mist-netting day in the montane forest of 

Mt. Cameroon. The thick line marks the median. 

 

 

A 
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Fig. 11 No. of individuals (A) and new species (B) detected per mist-netting day in the mid-elevation 

forest of Mt. Cameroon divided into elevations (listed in m.a.s.l.) 
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3.1.2 The Effect of Season on Mist-Netting 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 small sample (Kruskal-Wallis, 

ɢ2  = 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). Three species were only mist-netted during the rainy season: Cinnyris chloro-

pygius (at the Bamboo Camp site, 350 m a.s.l.), Saxicola torquata (at Mannôs Spring site, 2200 

m a.s.l.), Serinus burtoni (at the Mannôs Spring site, 2200 m a.s.l.).  

 

 

The Lowland Forest 

Mist-netting during the rainy season was conducted in one term in the lowland forest, at the 

Bamboo Camp site (350 m a.s.l.). Fewer individuals (n = 47) and species (n = 17) were detected 

here during the rainy season than during the dry season (n of individuals = 64, n of species = 

24; Fig 12A, B). 

 

The Mid-Elevation Forest 

Mist-netting during the rainy season was conducted in one term in the mid-elevation forest, at 

the Planti Camp site (1100 m a.s.l.). Fewer individuals were mist-netted in this plot during the 

rainy season (a total of 106) than were during the 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-netting during the rainy season was conducted in two terms in the montane forest, at the 

Mannôs Spring site (2200 m a.s.l.). On average, mist-netting in this plot detected fewer individ-

uals (mean = 77) and species (mean = 19) during the rainy season than during the dry season 

(mean of individuals = 176.5, mean of species = 22; Fig. 12A, B).  
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Fig. 12 Comparisons of the no. of mist-netted individuals (A) and recorded species (B) per mist-netting 

term between the dry and rainy season in one plot per forest type. Plot elevations are listed in in m a.s.l. 

The three shades of grey mark three distinct forest types: lowland, mid-elevation and montane. 
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3.1.3 The Weight of Mist-Netted Birds 

 

Of the 242 species recorded in our checklist, 113 species are small birds (<30 g), 70 species are 

medium-sized birds (30-70 g) and 59 species are large birds (>70 g, see Appendix). In total, we 

recorded 92 species using the mist-netting method throughout all mist-netting terms and across 

all plots on Mt. Cameroon. Sixty of them were small, which represents 65.2% of all mist-netted 

species, 53.1% of check-listed small species and 75.5% of all mist-netted individuals. Twenty-

six species were medium-sized, which represents 28.3% of all mist-netted species, 37.1% of 

check-listed medium-sized species and 24.72% of all mist-netted individuals. Only 6 mist-net-

ted species belonged to large birds, representing 6.52% of all mist-netted species, 10.17% of 

check-listed large species and 0.78% of all mist-netted individuals.  

 

The mean weight of mist-netted species was ca. 33 g. This weight is significantly lower if com-

pared to the mean weight of the species missed by mist-netting, ca. 205 g (Kruskal-Wallis, ɢ2 = 

27.27, d.f. = 1, P < 0.001; Fig. 13). Only four species with mean size over 80 g were mist-

netted: Accipiter tachiro (347.1 g), Aplopelia larvata (139.35 g), Picathartes oreas (225 g) and 

Turtur brehmeri (122.5 g). Removing these species from the measurement resulted in a reduc-

tion of the mean weight of mist-netted species to ca. 25 g.  

 

The mean relative abundance of all small mist-netted birds (10.79 individuals per species) was 

higher than the mean relative abundance of all medium-sized mist-netted birds (8.26 individuals 

per species) or large mist-netted birds (1.14 individuals per species) birds. The difference was 

only significant between the relative abundance of small and large mist-netted species (Dunn 

test, Z = -2.736, P. unadjusted = 0.006, P. adjusted = 0.018). 
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Fig. 13 Mean weight (presented in log scale to minimize skewness) of the check-listed species divided 

into bird that remained undetected (left) or were detected by mist-nets (right). The thick line marks the 

median.  
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3.1.4 Flocking Behaviour of Mist-Netted Birds 

 

The species composition of the whole bird community on Mt. Cameroon does not differ con-

siderably from the communities recorded by mist netting in respect to flocking behaviour. The 

majority (n = 160) of check-listed species are solitary birds (66.1%), 47 species form flocks 

facultatively (19.4%), and 35 species form flocks often and regularly (14.5%). Out of the 92 

mist-netted species, 64 species are 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 mist-netted individuals (Fig. 14). The 

majority of mist-netted individuals belonged to solitary species (63.4%), followed by faculta-

tively flocking species (18.8%) and only a small proportion of mist-netted individuals belonged 

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

was the highest (5.99 individuals per species) if compared to the abundances of mist-netted 

solitary species and facultatively flocking species (2.80 and 2.96 individuals per species respec-

tively). 

 

 
Fig. 14 The relative abundance all mist-netted 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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3.1.5 Foraging Stratum Preferences of Mist-Netted 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 to the preferred foraging strata changed along the 

elevation (Fig. 15). In the lowland rainforest, we caught mainly birds belonging to forest-floor 

and understory foragers (Fig. 15), with occasional captures of birds with preferences for forag-

ing in higher strata. In the mid-elevation forest, bird species from all four foraging strata were 

similarly represented in our mist-netting samples (Fig. 15). Interestingly, canopy foragers were 

the most frequent group of birds caught in the montane forest, if compared to the remaining 

three groups. In summary, the bird species preferring lower strata of the rainforest prevailed in 

the mist-nets at lower elevations, whereas the proportion of canopy foragers increased in our 

mist-nets with elevation. 

 

 

Fig. 15 Proportions of mist-netted individuals based on their foraging stratum preferences in each forest 

type. 
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3.2 Ecological Patterns Detected by Mist-Netting 

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 mist-netted in the morning than in the afternoon at each eleva-

tional plot (Kruskal-Wallis, ɢ2 = 6.81, d.f. = 1, P = 0.009, Fig. 16). There are, however, substan-

tial differences in the activity patterns between the three forest types, between elevations and 

between seasons. 

 

The Lowland Forest 

 

Surprisingly, the activity of birds evaluated by the number of catches was not the highest in the 

early morning (6-8 a.m.) in this forest type, but peaked between 8-10 a.m. 

 

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

Mean activity of birds in this plot was low in the early morning, peaked between 8-10 a.m. and 

decreased rapidly for the rest of the day. Almost no birds were captured late in the afternoon 

during 4-6 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 between 8-10 

a.m., dropped slightly between 10 a.m. - 12 p.m., and then reached the all-day minimum be-

tween 12-2 p.m. Activity slightly increased between 2-4 p.m., but then dropped again during 

the last two hours of mist-netting (Fig. 17B). 

 

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

Mean activity of birds at this elevation was again low in the early morning, peaked between 8-

10 a.m., then continually decreased in the following hours. It dropped to the all-day minimum 

between 2-4 p.m. but slightly increased again between 4-6 p.m. (Fig. 17C). 
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Fig. 16 The total number of mist-netted birds per day divided into morning and afternoon catches. The 

graph shows record from all elevational mist-netting plots. The thick line marks the median. 
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Fig. 17 Patterns of daily activity of birds estimated by the number of catches in mist nets during the dry 

season between 6 am and 6 pm in the lowland forest of Mt. Cameroon at 30 m a.s.l. (A), 350 m a.s.l. 

(B) and 650 m a.s.l.(C). Each dot represents the average daily catch during a two-hour interval. 
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The Mid-Elevation Forest 

 

Birds in the mid-elevation forest were active from the early morning hours. Mean activity was 

higher in the morning than in the afternoon, but it peaked between 2-4 p.m. The birds were the 

least-active between 12-2 p.m. and 4-6 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 12-2 p.m. Activity in the afternoon was slightly higher between 2-4 

p.m. (Fig. 18A). 

 

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

Mean activity was the highest in the morning, with the morning peak between 8-10 a.m., and 

kept declining until it reached the minimum between 12-2 p.m. The overall peak, however, was 

reached between 2-4 p.m., followed by a steep decline in the last two hours of mist-netting (Fig. 

18B). 
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Fig. 18 Patterns of daily activity of birds estimated by the number of catches in mist nets during the dry 

season between 6 am and 6 pm in the mid-elevation forest of Mt. Cameroon at 1100 m a.s.l. (A) and 

1500 m a.s.l. (B). Each dot represents the average daily catch during a two-hour interval. 
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The Montane Forest 

 

The overall activity in the montane forest was higher in the morning, but no clear pattern has 

been found for the two montane elevational plots (Fig. 19). The increase and decline in activity 

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 between 8-10 a.m., then declined, increased again in the 

early afternoon, then reached the all-day minimum between 2-4 p.m. and remained low until 6 

p.m. (Fig. 19A). 

 

Mannôs Spring site, 2200 m a.s.l. 

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 a.m. - 12 p.m. Activity then declined continu-

ously until the end of the day (Fig. 19B). 
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Fig. 19 Patterns of daily activity of birds estimated by the number of catches in mist nets during the dry 

season between 6 a.m. and 6 p.m. in the montane forest of Mt. Cameroon at 1800 m a.s.l. (A) and 2200 

m a.s.l. (B). Each dot represents the average daily catch during a two-hour interval. 
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3.2.2 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.l. 

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; Wilcoxon rank-sum 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 minimum number of birds caught per 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 rainy season (max. 

= 7.33 and mean = 5.89 bird per two hours), although the difference is not statistically signifi-

cant (Wilcoxon rank-sum 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 number of birds caught at 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-sum test, W = 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). 

 

 

  



 39 

 

Fig. 20 Comparison of the daily patterns of avian activity during the dry season (black line) and rainy 

season (blue line) in the lowland forest at 350 m a.s.l. (A), the mid-elevation forest at 1100 m a.s.l. (B) 

and in the montane forest at 2200 m a.s.l. (C). Each dot represents the average number of birds cap-

tured during a two-hour interval. 

A 

B 

C 
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3.2.3 Diversity and Abundance of Birds Across the Elevations 

 

Species richness of birds along the rainforest gradient on Mt. Cameroon recorded by mist-net-

ting revealed a hump-shaped pattern with the highest values recorded in the mid-elevation for-

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

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

21, 22). Rank-abundance curves show that the evenness of the bird community was the highest 

in the mid-elevation forest, whereas there were few very abundant bird species caught both in 

the lowland and montane forest (Fig. 23). The bird diversity measured by SimpsonËs index 

shows a hump-shaped pattern ï it grew with elevation, reached its maximum at 1500 m a.s.l. 

and declined for the two highest elevations in montane forest (Fig. 25). 

 

The rarefaction curves show that three days of mist-netting sampled only a part of the bird 

community and additional catches were likely to add new species in each elevation (Fig. 24). 

The highest probability of adding new species was at the mid-elevation 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 was much lower here 

(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). On the other hand, the plots in the lowest elevations (30 and 350 m a.s.l.) 

display relatively 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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Fig. 21 Number of individuals per species recorded per plot in each forest type: lowland, mid-elevation 

and montane forest. Thick lines mark the median. 

 

 

 
Fig. 22 No. of individuals per species recorded along the forested altitudinal gradient on Mt. Cameroon. 
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The Lowland Forest 

On average, 3.40 individuals per species were mist-netted 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 by mist-netting 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 mist-netted in the mid-elevation forest (Fig. 21): 

3.97 at 1100 m a.s.l. and 5.87 at 1500 m a.s.l. (Fig. 22). Species evenness (Fig. 23) and species 

richness (Fig. 24) recorded by mist-netting was the highest in this type of forest, but while 

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

 

The Montane Forest 

On average, 7.67 individuals per species were mist-netted 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 higher at 1800 m a.s.l. than at 2200 m a.s.l. 

according to the mist-netting data (Fig. 24).  

 

 

Beta-Diversity Along the Elevational Gradient 

 

Beta-diversity (Jaccardôs Index) calculated from our overall mist-netting data was the highest 

between 30 and 350 m a.s.l., and in the transition zone of the lowland and mid-elevation 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 low beta-diversity of bird communities has 

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 between the plots at 1800 and 2200 m a.s.l.  
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Fig. 23 Rank-abundance curves per plot. Flatter curves point at higher species evenness, i.e. evenness 

in species abundance per plot. 

 

 

Fig. 24 Rarefaction curves per plot. The proximity of the curveôs end to the asymptote reflects the suc-

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 additional new 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.  
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Fig. 25 Species diversity (Simpsonôs index) along the elevational 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. 

 

 

 

Fig. 26 Beta-diversity (Jaccardôs index) along the gradient on Mt. Cameroon. The dots represent the 

beta-diversity between pairs of plots. Plot elevations are in m a.s.l. 
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3.2.5 Community Composition on Mt. Cameroon: Feeding Guilds 
 

Insectivores 

 

Insectivores form the most diverse and abundant feeding guild of birds on Mt. Cameroon, with 

a total of 61 species detected by mist nets. Insectivores dominated the forests of Mt. Cameroon 

both in individual and species numbers: the proportion of individuals belonging to this guild 

followed a hump-shaped 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 hump-shaped trend, 

with a slight negative skew, and peaked at 1500 m a.s.l. (Fig. 27B).  

Since insectivores formed about 66% of all mist-netted species, I 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 substrate they acquire their food from: 

 

Foliage-Gleaning Insectivores (FGIs):  

Overall, 36 out of the 101 check-listed species of FGIs were mist-netted 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 sub-canopy (12 out of 32), and 16.67% forage 

in the canopy (5 out of 30). Forest-floor foragers made up 4.33%, understory foragers made up 

58.94%, sub-canopy foragers made up 20.01%, and canopy foragers made up 16.71% of the 

relative mist-netted FGI individuals. FGIs dominated the plots at 30 m a.s.l., 1500 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 ground-searching insecti-

vore species (Fig. 28B). 

On average, the undetected FGIs were heavier than the mist-netted FGIs (Kruskal-Wallis, ɢ2 = 

4.91, 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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Fig. 27 Proportions of mist-netted individuals (A) and species (B) belonging to six feeding guilds along 

the forested altitudinal gradient on Mt. Cameroon. Elevations of the plots are in m a.s.l. 

 

 

 

 

A 
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Ground-Searching Insectivores (GSIs): 

Sixteen out of 26 check-listed species of GSIs were mist-netted on Mt. Cameroon. Mist-netting 

recorded 7 of 9 small GSIs, 1 of 2 mid-sized GSIs, and 2 of 6 large GSIs. GSIs were the domi-

nant group within insectivorous individuals between 350 and 1100 m a.s.l., and the second most 

dominant group in this respect at all the other plots (Fig. 27A). However, this feeding guild was 

relatively rare in the Bimbia-Bonadikombo forest (30 m a.s.l.). In respect to species numbers, 

GSIs were the second most dominant sub-group in all plots 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 sub-groups (Fig. 27B). 

 

 

Aerial  / Flycatching Insectivores (AFIs):  

Six of out 19 check-listed species of AFIs were mist-netted on Mt. Cameroon. None of the AFIs 

forage on the forest floor. Mist-netting detected 3 out of 5 understory foragers, 1 out of 7 sub-

canopy foragers and 2 out of 7 canopy foragers within this guild. Few AFIs were mist-netted 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) while most AFI individuals were recorded at 1500 m a.s.l. (n = 8; 

Fig. 27B).  

 

Bark-Probing Insectivores (BPIs):  

3 out of 6 check-listed BPIs were mist-netted on Mt. Cameroon. None of the BPIs forage on 

the ground. Both species that prefer foraging in the understory were mist-netted, 1 of the 2 

species of BPIs that forage in the sub-canopy was mist-netted and neither of the BPIs that forage 

in the canopy were mist-netted. No BPIs were mist-netted at 30 and 350 m a.s.l. Their propor-

tions both in species and mist-netted individuals were low in all plots, but BPI individuals were 

the third dominant sub-group at both plots in the montane forest (Fig. 27A, B), particularly at 

2200 m a.s.l. 
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Fig. 28 Proportions of insectivore individuals (A) and species (B) mist-netted on Mt. Cameroon, be-

longing to four specialist groups based the substrate they acquire their food from, listed in the top-right 

legend. Elevations of the plots are in m a.s.l. 

 

 

 

A 
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Frugivores 

 

A total of 10 frugivorous species were detected by mist-netting 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.s.l. and low abundance in the mid-elevation 

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 frugivores recorded on Mt. Cameroon prefer foraging in the ground. 

Two species (one small and one medium-sized) have no stratum preferences and were thus 

likely to appear in the understory, but only the smaller one (Andropadus latirostris) was de-

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. Three are medium-sized, and two are 

small. One of the small species (Andropadus virens) was detected by mist nets across all plots 

in the lowland forest and represents 7% of all mist-netted frugivorous individuals (based on 

relative abundance). All small sub-canopy foragers that are known to occur across all forest 

types were mist-netted, most frequently in the montane forest. Altogether, they represented 

17.1% of all mist-netted frugivorous individuals (based on relative abundance). More than half 

of Mt. Cameroonôs frugivores are canopy foragers, and while only four of the 21 species were 

mist-netted, they represented 47.4% of all mist-netted frugivorous individuals (based on rela-

tive abundance). This is mainly caused by the great abundance of Andropadus tephrolaemus at 

high elevations, especially at 1800 m a.s.l., where 35 individuals of this species were mist-

netted ï more than any other species in any plot. For this reason, the relative abundance of A. 

tephrolaemus formed 44.6% of all mist-netted frugivorous individuals (based on relative abun-

dance). 

 

 

Granivores 

 

A total of 10 granivorous species were detected by mist-netting along the forested altitudinal 

gradient on Mt. Cameroon. The individuals of this guild constituted a minor part of the mist-

netted community in the lowland forest, reached higher proportions in the mid-elevation forest, 

and peaked at 2200 m a.s.l. (Fig. 27A). A similar trend could be seen in respect to the 
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proportions of species of this guild (Fig. 27B). According to our species checklist, 77.8% of 

granivores forage on the ground. All but one small forest-floor foraging granivores were de-

tected by mist nets. Mist-netted individuals of all forest floor foragers of this guild represented 

54.7% of the mist-netted granivorous community (based on relative abundance). Two of three 

species of the granivorous understory foragers were recorded by mist nets. They formed 42.6% 

of the guildôs relative abundance due to the high abundance of Linurgus olivaceus between 

1500 and 2200 m a.s.l. The only species within this guild that mainly forages in the sub-canopy 

(Nigrita fusconota) was detected by mist nets and represents the remaining 2.7% of the graniv-

orous community (based on relative abundance).  

 

Nectarivores 

 

A total of 5 nectarivorous species were mist-netted in the forests of Mt. Cameroon. The pro-

portion of nectarivorous individuals followed a U-shaped 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 elevations but peaked at 1100 m a.s.l. (Fig. 27B). Our mist-netting data 

conclude that nectarivores are among the most abundant (or most frequently mist-netted) birds 

inhabiting the forests of Mt. Cameroon, reaching high abundances in the montane forest, albeit 

appearing in higher numbers than most species in the lowland forest, too. All nectarivores in 

our checklist are small. In fact, three of them (Cinnyris batesi, Cinnyris ursulae and Cinnyris 

reichenowi) are the smallest mist-netted birds in our dataset (6.17, 6.5, and 6.6 respectively).  

None of the nectarivores in our checklist forage on the forest floor. Two highly abundant un-

derstory foragers, who replace each other along the gradient (lowland specialist Cyanomitra 

olivacea and montane specialist Cyanomitra oritis) were mist-netted. They formed 46.71% of 

the mist-netted nectarivorous community (based on relative abundances). Likewise, two sub-

canopy foragers were mist-netted: the relatively rare Cinnyris ursulae, and the most abundant 

netted nectarivore, Cinnyris reichenowi, together forming 50.92% of the mist-netted nectarivo-

rous community (based on relative abundances). In fact, Cinnyris reichenowi was the second 

most common species in our dataset (based on relative abundances). The remaining 2.37% of 

the mist-netted nectarivorous individuals belonged to a canopy-foraging species, Cinnyris 

batesi. 
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Carnivores 

 

The only mist-netted carnivore was a single individual of Accipiter tachiro at 30 m a.s.l. (Fig. 

27A, B). 

 

Kin gfishers (Alcediniidae) 

 

Five species of kingfishers were mist-netted, and only in the lowland forest. Two species were 

small, two were medium-sized 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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3.3 Comparison of Mist-Netting and Point Counts  

3.3.1 Species Detection 

 

For the comparison of mist-netting and point counts, I only used those mist-netting 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. Mist-netting detected 82 species in the same plots during the 

same terms. Overall, the mist-netting method detected 9 species undetected by point counts: 

Alcedo leucogaster, Anthus cinnamomeus, Cinnyris ursulae, Euplectes capensis, Indicator 

maculatus, Nigrita fusconota, Sasia africana, Spermophaga haematina and Zoothera crossleyi. 

 

 

The Lowland Forest 

Of the 180 species check-listed in the lowland forest, 39 were mist-netted and 115 point-

counted. Thus, mist-netting 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 point counts in the 

lowland forest: Alcedo leucogaster, Cryptospiza reichenowi, Sasia africana, Zoothera cama-

ronensis, Zoothera crossleyi and Turdus pelios. 

 

The Mid-Elevation Forest 

Of the 127 species check-listed in the mid-elevation forest, 47 were mist-netted and 81 point-

counted. Thus mist-netting missed 62.99% and point counts 36.22% of the species from our 

mid-elevation checklist. Eleven species detected by mist nets were missed by point counts in 

the mid-elevation forest: Andropadus curvirostris, Anthus cinnamomeus, Aplopelia larvata, 

Campethera petiti, Cinnyris ursulae, Cryptospiza reichenovii, Illadopsis rufiventer, Indicator 

maculatus, Nigrita fusconota, Ploceus melanogaster and Spermophaga haematina. 

 

The Montane Forest 

Of the 72 species check-listed in the montane forest, 33 were mist-netted and 49 point-counted. 

Thus, mist-netting 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 by point counts in the montane 

forest: Alethe poliocephala, Estridla nonnula, Euplectes capensis, Indicator maculatus, and 

Ploceus insignis. 
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Fig. 29 Total abundances (A) and species richness (B) recorded by mist nets (green) and point counts 

(cream) during the same terms across 7 plots along the forested elevational gradient on Mt. Cameroon. 
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3.3.2 Species Richness, Diversity and Abundance Estimates  

 

The point count method recorded a rather low-plateau pattern of species richness, with a decline 

in species richness above 1100 m a.s.l. The mist-netting method revealed a hump-shaped pat-

tern of species richness with a mid-elevation peak around 1100 m a.s.l. (Fig. 29A). The total 

number of individuals as detected by point counts did not vary too 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 (Fig. 29A). 

 

Mist-netting detected fewer species than point counts (Kruskal-Wallis, ɢ2 = 32.31, p-value < 

0.001; Fig. 29B; Table 2), and the elevational abundances calculated from mist-netting data 

were lower than the elevational abundances calculated from point count data in all plots except 

350 m a.s.l., where the difference in the mean abundance recorded by each methods was only 

2.68% (Wilcoxon rank sum test, W = 749, P > 0.2). Cryptospiza reichenowi and Estrilda 

nonnula were more likely to be mist-netted than point-counted (Table 2). 

 

Point counts recorded higher species evenness of bird communities than mist-netting in all plots 

(Fig. 30A, B, C). Moreover, the trends in species evenness across the elevations varied between 

the methods: following the gradient uphill, 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 mist-netting estimated maximum species evenness 

at 1500 m a.s.l. (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 similar at higher elevations 

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

 

Not surprisingly, species diversity estimates (Simpsonôs Index) based on mist-netting data were 

lower in comparison with point-count 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 species diversity declined continuously with elevation whereas data 

based on mist-netting data revealed a hump-shaped pattern with the peak at 1500 m a.s.l. (Fig. 

31).  

Beta diversity estimates (Jaccardôs Index) were very similar for 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 mid-elevation forest. Relatively low beta-diversity 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 compared to mist-netting (Fig. 33B). This is simply be-

cause point counts are able to detect more species. Rarefaction 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 with growing elevation thereafter (Fig. 33A) whereas mist-netting data rather 

separated the elevations into two groups ï mid 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 confirm that Mt. Cameroonôs bird communities are dominated by insectivores as 

much in species richness as in abundance. In concordance with our mist-netting data, the point-

count data confirm that their dominance increases toward the mid-elevation 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 mist-netting data, their dominance further declines with growing elevation in 

the montane forest, where it almost levels with that of the nectarivorous 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 to mist-netting, they are the sec-

ond most abundant group only in the lowland forest, and their rank is overtaken by nectarivores 

in the mid-elevation and montane forest (Fig. 34A). Each method found the guildsô proportions 

to reach various levels of dominance per plot. Nevertheless, there is an apparent elevational 

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 hump-shaped pattern with a mid-

elevational peak, whereas frugivores and nectarivores follow a negative hump-shaped pattern 

with a mid-elevational minimum (Fig. 34A, B).  
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Fig. 30 Rank-abundance curves drawn from point-count and mist-netting data collected during identical 

terms in the lowland forest (A), mid-elevation forest (B) and montane forest (C). Flatter curves point at 

higher species evenness. 
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Fig. 31 Simpsonôs index of diversity along the elevational gradient of Mt. Cameroon based on point-

count (red line) and mist-netting (black line) data collected during identical terms. The index operates 

between 0 and 1. The proximity to 1 marks maximum diversity, based on species richness and abun-

dance. Plot elevations are in m a.s.l. 

 

 

Fig. 32 Beta diversity interpreted by Jaccardôs index along the gradient on Mt. Cameroon based on 

point-count (red line) and mist-netting (black line) data collected during identical terms. The dots rep-

resent the beta-diversity between pairs of plots. Plot elevations are in m a.s.l. 
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Fig. 33 Rarefaction curves per plot based on point-count data (A) and mist-netting data (B) collected 

during identical terms. The proximity of the curveôs end to the asymptote reflects the success of spe-

cies sampling, i.e. if any curve reaches the asymptote counting or mist-netting more individuals will 

not result in any additional new species detections. The vertical line marks the smallest sample size 

reached by mist-netting, and the horizonal lines show the number of species detected when the small-

est total abundance was reached at the given plot. 

A 
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Granivore proportions were equally low in all lowland plots, slightly increase in the mid-ele-

vation forest and remained fairly similar across all higher plots. Mist-netting detected a more 

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

 

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

nivores made up a minimal proportion of Mt. Cameroonôs recorded community. 

 

Finally, in contrast to mist-netting, point-count data show a higher proportion of frugivorous 

species in all plots of the mid-elevation 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 sites, and much lower proportions of nectarivorous species in all plots (Fig. 

35A, B). 
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Fig. 34 Proportions of individuals mist-netted (A) and point counted (B) in all elevational plots on Mt. 

Cameroon. The birds are divided into six feeding guilds listed in the top-right legend. 
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Fig. 35 Proportions of species mist-netted (A) and point counted (B) in all elevational plots on Mt. 

Cameroon. The birds are divided into six feeding guilds listed in the top-right legend. 
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3.3.4 Correlation Between Capture Rate and Point Count Density 
 

The correlation (Spearmanôs correlation coefficient) between capture rate (CR; i.e. no. of birds 

per species recorded per 1000 mist-netting hours) and point count density (PCD; i.e. no. of birds 

per species recorded per 10 ha) grew with elevation (Fig. 36). The resulting CR/PCD ratio was 

high for species well represented in the mist-netting data if compared to the point-count data, 

and low for species that were underrepresented in mist nets or completely missed. The CR/PCD 

ratio was not calculated for species that were missed by point counts. 

 

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

Size did not explain the growing CR/PCD ratio at this elevational plot (Kruskal-Wallis, ɢ2 = 

1.81, d.f. = 2, P > 0.2) and nor did their flocking behaviour (Kruskal-Wallis, ɢ2 = 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 (Kruskal-Wallis, ɢ2 = 17.58, d.f. = 4, P = 0.0015), as sub-canopy and canopy 

foragers were underrepresented in the mist-netting data from this elevational plot. Feeding 

guilds also seem to explain the variance in the CR/PCD ratio (Kruskal-Wallis ɢ2 = 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, which makes it impossible to test further with Dunn tests. Finally, Cy-

anomitra olivacea was 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 CR/PCD ratio at this elevational plot (Kruskal-Wallis, ɢ2 

= 4.812, d.f. = 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 ɢ2 = 3.7253, d.f. = 2, P = 0.155), nor by their feeding guild (Kruskal-Wallis, ɢ2 

= 5.15, d.f. = 4, P > 0.2). However, the CR/PCD ratio could be explained by the birdsô foraging 

stratum preferences (Kruskal-Wallis, ɢ2 = 18.67, d.f. = 4, P < 0.001), as birds with no stratum 

preferences and those preferring the forest floor were mist-netted in greater numbers than birds 

from higher strata at this elevational plot. Finally, Cyanomitra olivacea was the most abundant 

species at this site according to point counts and mist nets alike (Fig. 37). 
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Fig. 35 The correlation between capture rate and point count density interpreted by Spearmanôs corre-

lation coefficient along the forested elevational gradient on Mt. Cameroon. The elevational plots are in 

m a.s.l. 

 

 

 
Fig. 36 Capture rate (i.e. no of birds per 1000 mist-netting hours) and point-count density (i.e. no. of 

birds per 10 ha) recorded at 30 m a.s.l. The labels mark two species with the highest capture rate and 

two species with the highest point-count density. Spearmanôs correlation coefficient = 0.3815, S = 

1479082, P < 0.001.  
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Fig. 37 Capture rate (i.e. no of birds per 1000 mist-netting hours) and point-count density (i.e. no. of 

birds per 10 ha) recorded at 350 m a.s.l. The labels mark two species with the highest capture rate and 

two species with the highest point-count density. Spearmanôs correlation coefficient = 0.4344, S = 

1352641, P < 0.001. 

 

 
 

Fig. 38 Capture rate (i.e. no of birds per 1000 mist-netting hours) and point-count density (i.e. no. of 

birds per 10 ha) recorded at 650 m a.s.l. The labels mark two species with the highest capture rate and 

two species with the highest point-count density. Spearmanôs correlation coefficient = 0.3794, S = 

1484157, P < 0.001 
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Drinking Garri site, 650 m a.s.l.  

At 650 m a.s.l., the CR/PCD ratio was significantly higher for small species (Kruskal-Wallis, 

ɢ2 = 8.762, d.f. = 2, P = 0.0125) while large species were completely missed by mist nets at this 

elevational plot. Forest-floor and understory foragers had a higher CR/PCD ratio than sub-can-

opy foragers, canopy foragers, and those who had no stratum preferences, so the difference in 

the CR/PCD ratio could be explained by the birdsô foraging stratum preferences (Kruskal-Wal-

lis, ɢ2 = 11.185, d.f. = 4, P = 0.0246). Flocking behaviour did not explain the variance in 

CR/PCD ratio for any of the species at this elevational plot (Kruskal-Wallis, ɢ2 = 3.546, d.f. = 

2, P = 0.170), nor did their feeding guild (Kruskal-Wallis, ɢ2 = 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 frugivorous and insectivorous spe-

ciesô average CR/PCD ratios were five-fold lower. Finally, Cyanomitra olivacea was the most 

abundant species at this site according to point counts and mist nets alike (Fig. 38). 

 

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

The CR/PCD ratio at this elevational plot was not explained by species size (Kruskal-Wallis, 

ɢ2 = 3.0248, d.f. = 2, P > 0.2). It was also not explained by their flocking behaviour (Kruskal-

Wallis, ɢ2 = 1.9051, d.f. = 2, P > 0.2) nor by their feeding guilds (Kruskal-Wallis, ɢ2 = 3.9369, 

d.f. = 4, P > 0.2). It seemed, however, to be explained by their foraging stratum preference 

(Kruskal-Wallis, ɢ2 = 17.382, d.f. = 4, P = 0.0016), as more forest-floor and understory foragers 

were mist-netted than point-counted at this elevational plot. Finally, Phyllastrephus polioceph-

alus was the most abundant species at this plot according to point counts, while the highest 

abundances according mist-netting are those of Alethe poliocephala (Fig. 39). 
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Fig. 39 Capture rate (i.e. no of birds per 1000 mist-netting hours) and point-count density (i.e. no. of 

birds per 10 ha) recorded at 1100 m a.s.l. The labels mark two species with the highest capture rate and 

two species with the highest point-count density. Spearmanôs correlation coefficient = 0.4908, S = 

1217760, P < 0.001. 

 

 

 
Fig. 40 Capture rate (i.e. no of birds per 1000 mist-netting hours) and point-count density (i.e. no. of 

birds per 10 ha) recorded at 1500 m a.s.l. The labels mark two species with the highest capture rate and 

two species with the highest point-count density. Spearmanôs correlation coefficient = 0.5812, S = 

1001553, P < 0.001. 
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Crater Lake site, 1500 m a.s.l. 

Size could explain the variance in the birdsô CR/PCD ratio at 1500 m a.s.l. (Kruskal-Wallis, ɢ2 

= 7.2411, d.f. = 2, P = 0.0268), as more small birds were mist-netted. Foraging stratum prefer-

ences did not explain the variance in the birds/ CR/PCD ratio at this plot (Kruskal-Wallis, ɢ2 = 

5.834, d.f. = 4, P > 0.2) and neither did the birdsô flocking behaviour (Kruskal-Wallis, ɢ2 = 

0.1611, d.f. = 2, P > 0.2). Feeding guilds were a only near-significant predictor explaining the 

birdsô CR/PCD ratio at 1500 m a.s.l. (Kruskal-Wallis, ɢ2 = 7.258, d.f. = 3, P = 0.0641), probably 

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

= 21.35). Finally, Cinnyris reichenowi and Urolais epichlora were the most abundant species 

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

dances of Andropadus tephrolaemus here (Fig. 40). 

 

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

Even though all large point-counted species at this elevational plot were missed by mist nets, 

size did not explain the variance in CR/PCD ratio at this site (Kruskal-Wallis, ɢ2 = 5.438, d.f. = 

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) than the mean CR/PCD of medium-sized birds (4.42). 

Flocking behaviour did not explain the variance in the CR/PCD ratio at this elevational plot 

either (Kruskal-Wallis, ɢ2 = 3.2067, d.f. = 2, P = 0.2012), although the ratio was substantially 

higher for solitary 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 is near-significant (Kruskal-Wallis, 

ɢ2 = 7.421, d.f. = 3, P = 0.0596). It is probably due to the low number of recorded species of 

nectarivores with 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 (Kruskal-Wallis, ɢ2 = 14.287, d.f. = 4, P = 0.0064), as mist-netting 

missed a lot of the point-counted canopy and sub-canopy foragers at this elevational plot. Fi-

nally, Andropadus tephrolaemus was the most abundant bird at this plot according to mist nets, 

whereas it ranked as the second most abundant species at this plot according to point counts 

(Fig. 41). 
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Fig. 41 Capture rate (i.e. no of birds per 1000 mist-netting hours) and point-count density (i.e. no. of 

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

two species with the highest point-count density. Spearmanôs correlation coefficient = 0.6086, S = 

936009, P < 0.001. 

 

 
Fig. 42 Capture rate (i.e. no of birds per 1000 mist-netting hours) and point-count density (i.e. no. of 

birds per 10 ha) recorded at 2200 m a.s.l. The labels mark two species with the highest capture rate and 

two species with the highest point-count density. Spearmanôs correlation coefficient = 0.7307, S = 

644126, P < 0.001 
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Mann Spring site, 2200 m a.s.l. 

Size did not explain the variance in the CR/PCD ratio among species at this elevational plot 

(Kruskal-Wallis, ɢ2 = 4.661, d.f. = 2, p-value = 0.0973), and nor did their foraging stratum 

preference (Kruskal-Wallis, ɢ2 = 4.960, d.f. = 4, P > 0.2), or flocking behaviour (Kruskal-Wal-

lis, ɢ2 = 0.849, d.f. = 2, P > 0.2). Feeding guilds seemed to be the only explaining predictor of 

the variance in the birdsô CR/PCD ratio at this plot (Kruskal-Walli,s ɢ2 = 9.48, d.f. = 3, P = 

0.0235), but due to the low number of recorded representative species of granivores (n =1) and 

nectarivores (n = 2), who had the highest CR/PCD at this elevational plot, it is impossible to 

test finding this further. Finally, Andropadus tephrolaemus was the most abundant species at 

this plot according to point counts, and Cinnyris reichenowi was the most abundant according 

to mist nets (Fig. 42). 
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Table 2. Average capture rate (CR) to point count density (PCD) estimate CR/PCD*100 for all species recorded by 

point counts and and/or mist-netting during the same surveying terms. The CR/PCD ratio is not calculated for species 

that were not detected by point counts. The species are listed according to their CR/PCD Ratio in descending order. 

Additional information about species average size (S = small, M = medium, L = large), trophic guild (I = insectivore, 

F = frugivore, G = granivore, N = nectarivore, C = carnivore, ALC = kingfisher (Alcediniidae)), preferred foraging 

stratum (FF = forest floor, US = understory, SC = subcanopy, C = canopy, or no preference). 

Species Size 
Trophic 

Guild 

Preferred 

Foraging 

Stratum 

CR  

(ind/1000 mh) 

PCD  

(ind/10 ha) 

CR/PCD 

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 

Cyanomitra olivacea S N 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 Size 
Trophic 

Guild 

Preferred 

Foraging 

Stratum 

CR  

(ind/1000 mh) 

PCD  

(ind/10 ha) 

CR/PCD 

Ratio 

Phyllastrephus poensis S I US 2.22 27.78 7.99 

Stiphrornis erythrothorax S I FF 0.69 8.73 7.9 

Cisticola chubbi S I US 3.61 50 7.22 

Alethe diademata M I FF 1.94 26.98 7.19 

Dendropicos elliotii M I SC 0.97 14.29 6.79 

Illadopsis rufipennis S I FF 1.53 24.6 6.22 

Bleda notatus M I FF 0.83 14.29 5.81 

Speirops melanocephalus S I SC 0.56 9.52 5.88 

Parmoptila woodhousei S I US 0.14 2.38 5.88 

Psalidoprocne fuliginosa S I C 1.04 22.22 4.68 

Kakamega poliothorax M I FF 1.94 42.86 4.53 

Urolais epichlorus S I SC 3.68 81.75 4.5 

Andropadus virens S F US 1.67 39.68 4.21 

Ploceus insignis M I US 0.49 11.9 4.12 

Sheppardia bocagei S I FF 0.42 10.32 4.07 

Pseudoalcippe abyssinica S I US 3.26 80.95 4.03 

Camaroptera chloronota S I US 0.69 17.46 3.95 

Elminia albonotata S I US 1.39 36.51 3.81 

Pogoniulus atroflavus S F C 0.14 3.97 3.53 

Illadopsis cleaveri S I FF 0.69 19.84 3.48 

Prinia bairdii S I US 0.83 28.57 2.91 

Phylloscopus trochilus S I SC 0.07 2.38 2.94 

Muscicapa adusta S I SC 0.49 19.05 2.57 

Bradypterus lopezi S I FF 1.81 72.22 2.51 

Zosterops senegalensis S I C 0.83 35.71 2.32 

Pogoniulus bilineatus S F SC 0.35 15.08 2.32 

Accipiter tachiro L C SC 0.14 6.35 2.2 

Terpsiphone rufiventer S I US 0.97 46.83 2.07 

Laniarius poensis M I US 1.25 62.7 1.99 

Deleornis fraseri S I SC 0.42 21.43 1.96 

Turtur brehmeri L G FF 0.28 15.08 1.86 

Turtur tympanistria M G FF 0.35 19.05 1.84 

Dyaphorophyia concreta S I US 0.42 23.81 1.76 

Trochocercos nitens S I SC 0.42 23.81 1.76 

Pogoniulus coryphaea S F SC 0.35 20.63 1.7 

Ploceus bicolor S I SC 0.28 18.25 1.53 

Criniger calurus M I US 0.42 31.75 1.32 

Phylloscopus poliocephalus M I C 0.42 31.75 1.32 

Halcyon malimbica L ALC US 0.14 11.11 1.26 
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Species Size 
Trophic 

Guild 

Preferred 

Foraging 

Stratum 

CR  

(ind/1000 mh) 

PCD  

(ind/10 ha) 

CR/PCD 

Ratio 

Hylia prasina S I SC 0.56 46.03 1.22 

Phylloscopus herberti S I C 0.28 23.81 1.18 

Bleda syndactyla M I FF 0.28 26.98 1.04 

Platysteira cyanae M I SC 0.42 48.41 0.87 

Laniarius atroflavus M I US 0.63 73.02 0.86 

Hedydipna collaris S F SC 0.14 19.05 0.73 

Criniger chloronotus M I US 0.14 19.84 0.71 

Dyaphorophyia castanea S I SC 0.14 28.57 0.49 

Dicrurus atripennis M I US 0.14 39.68 0.35 

Alcedo cristatus S ALC US 0 0.79 0 

Andropadus ansorgei S I C 0 22.22 0 

Andropadus gracilirostris M F US 0 5.56 0 

Andropadus montanus M F US 0 19.84 0 

Apaloderma aeqatoriale M I SC 0 3.17 0 

Apalis binotata S I US 0 1.59 0 

Apalis cinerea S I C 0 84.92 0 

Apalis jacksoni bambulensis S I SC 0 12.7 0 

Apaloderma narina L I SC 0 1.59 0 

Apalis nigriceps S I C 0 10.32 0 

Apalis rufogularis S I SC 0 14.29 0 

Apaloderma vittatum M I SC 0 7.14 0 

Apus apus M I C 0 3.17 0 

Baepogon indicator M F C 0 11.9 0 

Bathmocercus rufus S I FF 0 6.35 0 

Buccanodon duchaillui M F C 0 21.43 0 

Bycanistes albotibialis L F C 0 1.59 0 

Bycanistes fistulator L F C 0 9.52 0 

Calyptocichla serinus M F C 0 13.49 0 

Campethera cailliautii M I SC 0 0.79 0 

Campethera nivosa M I SC 0 4.76 0 

Camaroptera superciliaris S I US 0 0.79 0 

Campethera tullbergi M I C 0 7.14 0 

Centropus leucogaster L I US 0 2.38 0 

Ceratogymna atrata L F C 0 14.29 0 

Ceratogymna elata L F C 0 1.59 0 

Cercococcyx olivinus M I C 0 0.79 0 

Ceuthmonaches aereus M I SC 0 27.78 0 

Chrysococcyx cupreus M I SC 0 35.71 0 

Chrysococcyx klaas S I SC 0 7.14 0 
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Species Size 
Trophic 

Guild 

Preferred 

Foraging 

Stratum 

CR  

(ind/1000 mh) 

PCD  

(ind/10 ha) 

CR/PCD 

Ratio 

Cinnyris chloropygius S N US 0 5.56 0 

Cinnyris superbus S N SC 0 0.79 0 

Coluba sjostedti L F C 0 5.56 0 

Columba unicincta L F C 0 5.56 0 

Coracina caeruleogrisea M I C 0 6.35 0 

Corythaeola cristata L I C 0 1.59 0 

Cossyphicula roberti S I US 0 2.38 0 

Cuculus clamosus L I C 0 4.76 0 

Cyanomitra cyanolaema S N C 0 15.08 0 

Dicrurus modestus M I C 0 11.11 0 

Dryoscopus angolensis M I C 0 7.14 0 

Dyaphorophyia tonsa S I C 0 11.9 0 

Eurystomus gularis L I C 0 0.79 0 

Francolinus camerunensis L G FF 0 2.38 0 

Fraseria ocreata M I C 0 1.59 0 

Gymnobucco calvus M F SC 0 1.59 0 

Gymnobucco peli M F SC 0 2.38 0 

Gypohierax angolensis L F C 0 2.38 0 

Halcyon badia M ALC SC 0 7.94 0 

Hirundo rustica S I SC 0 0.79 0 

Illadopsis fulvescens S I US 0 12.7 0 

Indicator conirostris M I SC 0 0.79 0 

Indicator exilis S I SC 0 2.38 0 

Indicator willcocksi S I SC 0 2.38 0 

Ixonotus guttatus M F C 0 6.35 0 

Macrosphenus concolor S I SC 0 28.57 0 

Macrosphenus flavicans S I SC 0 25.4 0 

Malaconotus multicolor M I C 0 3.97 0 

Malimbus nitens M I SC 0 4.76 0 

Malimbus rubicollis M I SC 0 0.79 0 

Neocossyphus poensis M I FF 0 5.56 0 

Neocossyphus rufus M I FF 0 0.79 0 

Nesocharis shelleyi S I No pref. 0 6.35 0 

Nicator chloris M I US 0 23.81 0 

Nigrita canicapillus S I C 0 0.79 0 

Nigrita luteifrons S I SC 0 14.29 0 

Onychognathus fuldigus L F C 0 1.59 0 

Onychognathus walleri L F C 0 31.75 0 

Oriolus brachyrynchus M I SC 0 24.6 0 
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Species Size 
Trophic 

Guild 

Preferred 

Foraging 

Stratum 

CR  

(ind/1000 mh) 

PCD  

(ind/10 ha) 

CR/PCD 

Ratio 

Oriolus nigripennis M I C 0 30.95 0 

Oxylophus levaillantii L I US 0 3.17 0 

Phyllastrephus albigularis S I US 0 1.59 0 

Phylloscopus sibilatrix S I C 0 5.56 0 

Picathartes oreas L I FF 0 0.79 0 

Ploceus albinucha S I C 0 1.59 0 

Ploceus preussi M I C 0 0.79 0 

Poeoptera lugubris M F C 0 0.79 0 

Pogoniulus scolopaceus S F SC 0 14.29 0 

Pogoniulus subsulphureus S F C 0 27.78 0 

Polyboroides typus L F SC 0 3.17 0 

Prionops caniceps M I SC 0 0.79 0 

Psalidoprocne nitens S I SC 0 0.79 0 

Psittacus erithacus L F C 0 3.17 0 

Pycnonotus barbatus M F No pref. 0 9.52 0 

Sarothrura pulchra M I FF 0 11.11 0 

Saxicola troquatus S I FF 0 0.79 0 

Serinus burtoni M F SC 0 5.56 0 

Schoutedenapus myoptilus S I C 0 1.59 0 

Smithornis rufolateralis S I US 0 10.32 0 

Stizorhina fraseri M I US 0 23.81 0 

Streptopelia semitorquata L G FF 0 3.17 0 

Sylvietta dentii S I C 0 2.38 0 

Tauraco macrorhynchus L F C 0 75.4 0 

Tockus camurus L I SC 0 0.79 0 

Tockus fasciatus L F SC 0 8.73 0 

Trachylaemus purpuratus L F SC 0 2.38 0 

Treron calvus L F C 0 43.65 0 

Tricholaema hirsuta M F SC 0 11.9 0 

Tropicranus albocristatus L I US 0 3.17 0 

Turtur afer M G FF 0 0.79 0 
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4 Discussion 

4.1 Mist-Netting on Mt. Cameroon 

 

 

Over the course of the study, 1424 individuals of 92 species were mist-netted throughout all 

mist-netting terms during the dry season on Mt. Cameroon. The majority of individuals and 

new species were detected during the first day of the three-day mist-netting terms in 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 plots in the lowland forest deviated from these find-

ings, where mist-netting recorded more individuals during the second day of mist-netting. There 

was also an improvement in catch success in two other plots after the second day of mist-net-

ting, and although fewer species kept being added to the dataset with each passing day, not a 

single mist-netting day failed to add at least one new species.  

Even though each mist-netting hour and mist-netting day enriched our dataset for valu-

able information, my findings uncover several limitations of the method. Mist-netting has been 

considered superior to point counts by some authors in that it does not rely on the observerôs 

auditory and visual skills (DeSante et al. 1993, Peach et 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 et 

al. 1995). Furthermore, mist-netting has been proven as more effective in detecting secretive 

species (e.g. Wallace et al. 1996, Gram & Faaborg 1997, Rappole et al. 1998, Mason 1996, 

Blake and Loiselle 2001, Wang and Finch 2002) and understory birds in areas with high under-

story foliage density and low canopy (Martin et al. 2017). Nonetheless, netting 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 Mist-Netting: Entanglement, Escape and Evasion 
 

Standard mist-netsô mesh size and the strength of the net influence the outcome of mist-netting. 

Perhaps the most straightforward factor that affects netting success is the birdsô size. Our mist-

netting data confirm that mist nets efficiently detect small birds (mean weight < 30 g). The 

mean weight of netted species in our study is shifted from ca. 25 g to ca. 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 4 to 11 times 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 deemed too small to be successfully mist-netted because they may easily slip 

out (Terborgh 1977). The latter observation of Terborgh (1977) is not confirmed by out mist-

netting data, as some of the small mist-netted speciesô body mass was below 7 g, and one of 

them, Cryptospiza reichenowi was the second most mist-netted bird during the course of our 

study. 

Birds learn to avoid mist nets (Marques 2013), and because catches are expected to 

decline with time (Ralph & Scott 1981), some authors have only used captures recorded within 

the first four hours of netting (Latta et 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 of mist-netting on Mt. Cameroon. Catch rate, however, may 

also decline with each passing day. Overall, in our data, the variance in total catches during the 

first mist-netting day was substantially greater than any other day, while days two and three 

detected similar numbers of birds. Maximum catch was reached during the first day at 5 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 the second mist-netting 

day in 5 of the 7 plots, and an increase in catch numbers after the second mist-netting day in 

the remaining two. In conclusion, although daily catch numbers generally declined from the 

first to the third day of mist-netting at our plots along the elevational gradient on Mt. Cameroon, 

additional days still brought a significant amount of information. Therefore, I suggest that it is 

efficient and advisable to use mist nets for at least three days in the environments of tropical 

rainforests, especially when the method is used for studies based on detecting individuals, as is 

further suggested by several authors who found the mist-netting method to be useful in various 

kinds of assessment: de Pinho et al. (2009) found that mist nets accurately assess territoriality 

and site fidelity, Ruiz-Guti®rrez et al. (2012) and Faaborg et 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, mist-netting added significantly fewer new species to the da-

taset after the first day of mist-netting in all plots, yet new species kept being added to the 

dataset in all days and in all plots. Therefore, I further stress that using mist nets for three days 

is efficient, since shorter terms would not be sufficient for detecting rare or secretive species. 

However, if detecting secretive species is the primer benefit of mist-netting, shifting mist nets 

to other locations each consecutive mist-netting day is probably more efficient than keeping 

them in one place, given the environment is simple enough to allow for a swift net replacement 

(Marques et al. 2013). Marques et al. (2013) noted, that if moving the nets requires researches 

to find a new suitable terrain and clean new trails for the nets, consequently leading to the loss 

of a whole mist-netting day, it is not worth moving the net, as this outweighs the advantages of 

moving it to a new place. If moving the nets does not consume a significant amount of time, it 

may increase mist-netting success by as much as 30% (Marques et al. 2013).  

 

 

4.1.2 Limits of Mist-Netting: Environmental and Behavioural Factors 
 

Karr (1981) pointed out several key factors that influence mist-netting success. They include 

environmental elements, such as weather or habitat structure, and also dissimilarities in the 

birdsô behaviour, e.g. variability in vertical movements and time spent within the range of the 

net, or differences in flight distance and flight frequency. Remsen and Good (1996) argued that 

mist-netting data could not be used to assess relative abundance because of such behavioural 

differences within and between studied plots, and that point counts are better in this respect, 

while some authors found mist-netting and point counts to be equally good in estimating rela-

tive abundance (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 several terms of mist-netting at 

350 and 650 m a.s.l.). Detectability varies at any site and at any time (Link & Sauer 2007, 
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Gorresen et al. 2009), and the actual capture rate is merely a function of bird activity, therefore 

anything that may affect bird activity will affect the capture rate (Remsen and Good 1996), may 

it be climate (McCain 2009B) 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 disrupted by rain, therefore I 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 tropical mountains throughout the year. Within-day temperature fluctuations 

increase with elevation (Adams et al. 1920), so if temperature alters the detectability of birds 

by altering the patterns of their activity, its effect should be increasingly evident with growing 

elevation (McCain 2009B).  

The activity pattern across all plots in the lowland and mid-elevation forest is noticeably 

similar, with activity peaking in the early-to-mid morning and declining in the warmest part of 

the day ï noon to early afternoon, as expected according to Blake (1992). On Mt. Cameroon, 

the detected activity in the lowland forest was much lower than at higher elevations, with no-

ticeably lower catch numbers. The time of minimum activity is delayed more and more with 

growing elevation within 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 the mid-elevation forest, 

which is disrupted by vast open areas (Proctor et al. 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 activity pattern throughout the plots in the lowland 

and mid-elevation is similar, but activity is high in the mid-elevation forest from early morning. 

Since the mid-elevation forest is dramatically different from the lowland forest in its amount of 

vast open areas (Proctor et al. 2007), sunlight reaches the understory much sooner in this envi-

ronment. As a result, insectivores with high metabolic rate may be able to start foraging in the 

earliest hours to compensate for the energy loss at night (Chmel et al. 2016). In contrast to the 

lowland forest the all-day minimum in bird activity occurred in the early afternoon in both 

elevational plots in the mid-elevation forest. Moving further uphill, the pattern does not change 

significantly at 1800 m a.s.l. The area near this plot is similar to the mid-elevation forest in its 

openness, as it is located near areas of early successional stages, where volcanic activity dis-

turbed the forest ca. 20 years ago. In any case, the montane forest starts at this point, rich in 

mosses and lichens, 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 declined. It did not, 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 encroaches. The edge of the montane forest has a dense under-

story and a still fairly high canopy (20-30 m; Proctor et al. 2007). Bird activity here experienced 

a single peak in the late morning, and then a continuous decline. The pattern of bird activity in 

this plot substantially differed from the plots at lower elevations. 

In her study, where she tested Janzenôs hypothesis that mountain passes are physiolog-

ically ñhigherò in the tropics (Janzen 1967; see below), McCain (2009B) argued that within-

day temperature variation could affect bird activity, especially at higher altitudes, where within-

day temperature fluctuations are the most noticeable (Adams et al. 1920), and this is clear in 

our temperature data as well. Overall, bird activity peaked in the morning and declined contin-

uously thereafter, which is in agreement with the observations of Blake (1992).  

The pattern of bird activity only followed a hump-shaped pattern at the highest eleva-

tion, which could be explained by McCainôs (2009B) observation as temperatures fluctuate 

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.s.l., 

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 mid-elevation forest, but not in the montane forest. 

This could be explained by peaking temperatures causing a cessation 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 gradients as this, therefore I hesitate to draw further conclusions. 

Lastly, rainfall affects activity in a straightforward fashion. Although the mist nets were 

not in use during rainfall, there was a consistently lower bird activity during the rainy season 

on Mt. Cameroon. This resulted in very low catch numbers in contrast with mist-netting 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 estimated species richness, 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 mist-netting in the 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 forage. Interestingly, it is not only movement that is hindered during the rainy 

season, but also singing activity, as Vokurkov§ et al. (2018) have found. 

 

Behavioural Factors 

The rate at which behavioural factors affect species detectability is generally hard to test. Birdsô 

foraging stratum preferences could, however, hint at the potential of mist-netting them. The 

structure of tropical rainforests caused by the complex vertical distribution of plant biomass 

drives vertical stratification of bird communities (Smith 1973, 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 vertical heterogeneity (MacArthur & MacArthur 1961, Goetz et al. 

2007). The fact that the proportion of mist-netted birds based on their stratum preferences 

changed with forest structure is not surprising. On Mt. Cameroon, forest-floor and understory 

foragers were more likely to be mist-netted in the lowland and the lower mid-elevation forest. 

However, in the montane forest, sub-canopy and canopy foragers were equally or more likely 

to be mist-netted.  

About half of the mist-netted birds between 350 and 1100 m a.s.l. were forest-floor 

foragers, followed by understory foragers. The proportion of sub-canopy and canopy foragers 

never exceeded 10% between 30 and 1100 m a.s.l., while the proportion of forest-floor foragers 

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 movement patterns changes dramatically above 1100 

m a.s.l., where mist-netting 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 patchiness and high near-ground foliage density in the high-elevation for-

est of the Cordillera Vilcabamba, Peru. As a result, more species from higher strata hit the nets 

(Terborgh 1977).  

Terborgh (1977) also found that excess diversity in the most diverse part of the forest 

mainly consisted of insectivores, which holds true for our findings as well. Similarly, Chmel et 

al. (2016) found that proportions of insectivorous birds grow with foliage density. Due to the 

strict stratification of communities in the lowland forest, mist-netting misses more species than 

it does in areas with dense understory vegetation and lower canopy (Chmel et al. 2016, Martin 

et al. 2017). Ground-to-canopy mist nets would be useful between 350 and 1100 m a.s.l., where 

the probability of mist-netting sub-canopy 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 (Chmel et al. 2016). This holds true especially for frugivores feeding 

in the canopy, which are often underrepresented in understory-mist-net 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 be the case on Mt. Cameroon. One of the reasons is that the majority (n = 160) 

of check-listed 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 nets, and 

although two of them are the most relatively abundant species on Mt. Cameroon, their numbers 

only form 14.79% of the overall mist-netted community. The second reason that could explain 

why they were mist-netted in such low quantities is that only 10 of the missed birds that often 

form flocks are small. One of them, Pholidornis rushiae may 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 understory. The finding that solitary birds are better represented in 

capture data is in agreement with Arizaga et al. (2011), who found that mist-netting 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.e. the species in our checklist), I am reluctant to conclude that the weak 

representation of regularly flocking birds in our mist-netting data is solely a matter of the limits 

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

Species Richness and Abundance 

Point counts detected more individuals and more species than mist-netting did in all plots, 

which is in agreement with the widely accepted notion that point counts are better than mist-

netting at detecting species richness (Gram & Faaborg 1997, Whitman et 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 (1996), who found mist-netting to be ineffective at estimating relative spe-

cies abundances. In terms of species detection, however, mist-netting 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 9 mist-netted species. The 

general consensus implies that mist-netting is better than point counts in detecting cryptic or 

otherwise secretive understory species (Wallace et al. 1996, Gram & Faaborg 1997, Rappole et 

al. 1998, Blake & Loiselle 2001, Wang & Finch 2002) particularly small insectivores (Arizaga 

et al. 2011). It 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 the mid-elevation and montane 

forest, where the probability of mist-netting birds with such foraging stratum preferences is 

higher than in the lowland forest (see above).  

Aside from the species missed by point counts, mist-netting detected higher relative 

abundances than point counts for a number of species: Cyanomitra oritis, Estrilda nonnula, 

Cryptospiza reichenowi, Linurgus olivaceus, Phyllastrephus xavieri and Andropadus latiros-

tris, Ploceus melanogaster and Stiphronis erythrothorax. These species are secretive and over-

all not too vocally active (Sedl§ļek et al. 2015). Moreover, estimates of relative abundance 

were similar between the methods (variance = 0 Ñ 1) for, Campephaga petiti, Andropadus 

curvirostris, Aplopelia larvata, Cinnyris batesi, Hirundo rustica, Nigrita bicolor, Phylloscopus 

trochilus, Turdus pelios, Parmoptila woodhousei, Pogoniulus atroflavus, Alcedo quad-

ribrachys, Muscicapa sethsmithi and Smithornis sharpei. All these birds belong to relatively 

rare species on Mt. Cameroon (Ferenc et al. 2016), except or Turdus pelios, which is probably 

more vocally active during the dry season (Sedl§ļek et al. 2015). Point counts estimated much 

higher abundances than mist-netting for 49 species. Martin et al. (2017) found that the two 

methodsô performance is site-dependent. They noted that ñbottom-heavyò communities (i.e. 
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communities with a substantial proportion of birds active in the lower strata) are better assessed 

by mist nets, whereas ñtop-heavyò communities (i.e. communities with a substantial proportion 

of birds active in the canopy) are better assessed by point counts. Mt. Cameroonôs communities 

vary in this respect along the gradient. Therefore, I suggest using a combination of methods for 

areas with high habitat variability, or the use of ground-to-canopy nets in areas with top-heavy 

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

 

Species Diversity and Trophic Guilds 

In comparison to point counts, mist-netting estimated lower species diversity in all plots, espe-

cially in the lowland forest. Diversity across the elevations estimated using mist-netting data 

reveals a hump-shaped 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 low-plateau 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 richness (Gram & Faaborg 1997, Whitman et al. 1997, Blake & Loiselle 2000, 

Blake & Loiselle 2001, Wang & Finch 2002, Derlindati & Caziani 2005), I do not recommend 

using understory mist nets for species diversity or richness estimation on wet tropical mountains 

with high canopy. This was the case of the lowland rainforest on Mt. Cameroon, where mist-

netting was much less effective if compared to higher altitudes. However, due to the relatively 

high number of species that were detected by mist-nets and missed during point counts (n = 9), 

I recommend using mist nets to complement point counts during diversity assessment surveys. 

On the other hand, between-elevation beta diversity 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. Each pair of plots marks a transition zone 

between the different types of rainforest (Djomo Nana et al. 2015). The plot at 30 m a.s.l. 

(Bimbia-Bonadikombo Community Forest) is isolated from the lowland rainforest of Mt. Cam-

eroon and placed about 20 km apart (Ferenc et al. 2016). The area between 650 and 1100 m 

a.s.l. is on the boundary between the closed-canopy lowland forest and the open mid-elevation 

forest, and the structure and species composition of the vegetation is quite distinct in each plot 

(HoŚ§k et al. 2019). These findings are in agreement with HoŚ§k et al. (2019) who found that 

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 guilds on Mt. Cameroon: insectivores and frugivores. Both methods detected an 
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unchanging trend in nectarivorous species proportions along the gradient and a mild decrease 

in their abundance in the mid-elevation forest, but mist-netting data show a substantial increase 

in their proportions in the montane forest, a growth not so evident in our point-count data. 

Similarly, mist-netting data estimated higher granivore proportions than point counts in the 

montane forest. It seems that mist-netting is quite effective in estimating abundances of these 

feeding guilds as the birds are active and mobile. 

Given the noticeable similarities in detected trends among the two methods, I 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 Mist-Netting 

4.2.1 Species Richness 
 

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 hump-shaped pattern, decreasing low plateau pattern 

or low plateau trend with a mid-elevational peak (McCain 2009A). Our mist-netting data point 

at a hump-shaped pattern in species richness with two peaks Mt. Cameroon, which is unex-

pected for such stable wet tropical mountains (McCain 2009A, Ferenc et al. 2016) but has been 

demonstrated to occur across elevational gradients for a variety of taxa (e.g. Colwell & Hurtt 

1994, Rahbek 1995, 1997). The hump at 650 m a.s.l. could simply be an artefact of the greater 

sampling effort at this location (Herzog 2005), although I partially controlled for it by averaging 

the number of individuals per species by the number of mist-netting terms per elevation. Still, 

each season added previously undetected species into the dataset, which means that the detected 

species richness at elevations with larger sampling effort was higher than it would have been 

be, had we only conducted one term of mist-netting in those plots. Furthermore, the peak in 

diversity at 1500 m a.s.l. could be caused by the phenomenon explained 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 species than they would ï and  did ï 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 I discuss 

above. 

The distribution of species richness along any montane gradient responds to habitat var-

iability (MacArthur et al. 1966, Karr 1971, Goerck 1999, HoŚ§k et al. 2019). The estimates of 

beta-diversity 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 apart therefore a high species turnover is expected even over short 

distances (McCain and Beck 2015). This has been recently confirmed to be the case on Mt. 

Cameroon (HoŚ§k et al. 2019), and I discuss this further below. 

 Janzen (1967) proposed a hypothesis that suggests 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 at similar elevations, because they are used to substantially higher fluctuations in 

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

(Adams et al. 1920), which led Stevens (1992) to hypothesize that montane species should does 

have wider ranges. Both Janzenôs (McCain 2009B) and Stevensôs (McCain & Knight 2013) 

hypotheses have been tested globally. McCain tested Janzenôs hypothesis on various groups of 

vertebrates including birds and concluded that only breeding birdsô elevational range sizes are 

smaller in the tropics, but in general, Janzenôs hypothesis does not apply to them, instead, their 

elevational range is best explained by mountain height (McCain 2009B). Similarly, McCain & 

Knight (2013) found little-to-no support for Rapoportôs elevational rule.  

I am only able to comment on the applicability of Janzenôs and Stevenôs hypotheses on 

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

measured beta diversity between the plots. Mist-netting 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 plots 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 242 check-listed species on Mt. Cameroon, 132 species inhabit one forest type, 85 spe-

cies inhabit two forest types, and 25 occur in all three forest types. Of the 132 species that live 

in only one forest type, 101 occur in the lowland forest (out of 179), 19 in the mid-elevation 

forest (out of 126) and 12 in the montane forest (out of 72). 47 of the 101 (46.53%) lowland 

specialist, 15 of the 19 (78.95%) 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 species that 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 adapted for thriving in these conditions 

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

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

cline. If Rapoportôs elevational rule is to be present on Mt. Cameroon, these species should 

have been detected in a greater number of plots than the species whose mid-point is below 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, while 85 species with the mid-point 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 the rest of the plots, 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, species turnover 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 belonging to a single habitat (assuming the lowland and montane separately; Poulin et al. 

2000). It seems unlikely that Rapoportôs elevational rule can be observed on Mt. Cameroonôs 

birdlife. The expected decrease in range size with growing elevation is more likely to be in 

effect (Ferenc et al. 2016) and given the great habitat heterogeneity among and between the 

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

factors influencing them. 

 

 

4.2.2 Competitive pressures 
 

Range compression and expansion of species may be affected by the presence or absence of 

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 1975). They must specialize, i.e. partition resources, or one will eventually outcompete 

the other from the environment (e.g. Diamond 1975, Grant & Grant 2006, Bregman et al. 2015). 

Elevational replacements of congeners as a result of competition have been described on trop-

ical mountains (Bull 1991, Terborgh 1971), yet few researchers have decided to test competi-

tive interactions as a factor that restricts species ranges on tropical mountains (but see Jankow-

ski et al. 2010). Indeed, it is not an easy task to control for possible competition between closely 

related species, especially not in species-rich habitats, such as Mt. Cameroon. One hundred 

forty-three of the check-listed 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 experimentally tested, but the ob-

vious patterns of co-occurrence 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 congeners may partition resources by foraging 

for the same type of food in distinct forest strata (e.g. Baepogon, Dicrurus, Dyaphorophyia or 

Oriolus) or by utilizing different foraging methods (e.g. Glaucidium or Illadopsis), some can 

coexist because they are specialized for different types of food (e.g. Nigrita) or use a combina-

tion of some of the above mentioned mechanisms (e.g. Andropadus or Nigrita). Those that have 

similar feeding or foraging preferences either completely exclude and/or ñreplaceò each other 

in different forest types or elevations (e.g. Cisticola, Columba, Elminia, Muscicapa or Ony-

chognathus) or 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 available, some species show an asym-

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

Cyanomitra, Illadopsis, Laniarius or Turtur), while some occur in equal numbers in at least a 

part of their overlapping range (e.g. Oriolus). Other congeners co-occur in much greater abun-

dances than anywhere else in their range (e.g. Phyllastrephus), while some species have only 

been detected in particular elevations where they coexist with their similarly specialized con-

geners and nowhere else (e.g. Laniarius poensis, Neocossyphus rufus, Phyllastrephus albigu-

laris, Turtur afer or Turtur brehmeri). This mostly happens at 1100 and 1500 m a.s.l. The 

greater number of ecologically similar species co-occurring in some particular 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 composition on Mt. Cameroon can-

not be estimated without appropriate experimental testing.  
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4.2.3 Feeding Guilds 
 

As mentioned above, range boundaries are shaped by various biotic and abiotic forces and the 

speciesô response to these forces (MacArthur et al. 1966, Karr 1971). Not surprisingly, such 

response varies between different subsets of species. We may observe differences in avian com-

munity composition along the gradient if we divide the birds into their respective trophic guilds 

(Terborgh 1977). Mist-netting detected striking patterns of community composition along the 

altitudinal gradient of Mt. Cameroon in regard to two of its most diverse trophic groups of birds: 

insectivores and frugivores.  

The proportion of insectivores follows a steady growth toward the mid-elevation and 

then an equally steep continuous decline in proportions toward the timberline. Terborgh (1977) 

argues that insectivores are attracted to structural complexity which, on Mt. Cameroon, con-

stantly grows with elevation but remains fairly complex in the high-elevation forests, too, where 

the canopy is still fairly tall, (20-30 m; Proctor et 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. Chmel et al. (2016) found, using ground-to-canopy mist 

nets, that insectivores prefer sites with dense foliage cover, but are particularly interested in 

sites with young foliage. Given that the mid-elevation is rich in shrubs and herbs (Proctor et al. 

2007) and that it is often disturbed by forest elephants, unlike the montane (Ferenc et al. 2016), 

I believe these findings fit our observations on the prevalence of insectivores in the mid-eleva-

tion forest, and their decline at higher elevations. Nonetheless, a possible decline in resource 

abundance may also contribute to the decline in insectivore 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 check-listed avifauna on Mt. Cameroon, I further divided them into 

specialists based on the substrate they acquire their food from. Foliage-gleaning insectivores 

(FGIs) 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 montane forest. 

In abundance, however, FGIs make up a smaller portion of the community than ground-search-

ing insectivores (GSIs) in the primary lowland forest and at 1100 m a.s.l. GSIs then appear in 

lower proportions in the higher mid-elevation forest and at 1800 m a.s.l., only to re-gain 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 bark-probing insectivores (BPI), 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 be 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 tree-trunks (Terborgh 1977). Finally, insectivores who hunt for prey in the air (AFIs) are 

underrepresented in our mist-netting data. 

Frugivore proportions follow an opposite, albeit bimodal, trend ï their proportions con-

tinuously decrease toward the mid-elevation at 1100 m a.s.l. then increase again. Chmel et al. 

(2016) also noted that densities of frugivorous birds decline with increasing foliage density, but 

the general lack of fruit-rich canopy in the mid-elevation forest may better explain why their 

numbers are so low in this forest type, as their numbers increase again in the montane 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 understory mist nets. Canopy mist nets have been shown to detect 

higher proportions of frugivores (Derlindati & Caziani 2005). 

Nectarivores are the most abundant guild on Mt. Cameroon. Nectarivorous species pro-

portions remain constant across the entire gradient, while their abundances follow a negative 

unimodal trend with minimum abundances at the mid-elevation and reach unusually high rates 

in the topmost plot. Terborgh (1977) noted that lowland forests, through their complex vertical 

stratification, may offer a variety of resources, while montane forests may offer a higher abun-

dance of resources.  

Finally, granivore proportions increase at 1100 m a.s.l., where they reach a plateau, and 

reach their maximum proportions at 2200 m a.s.l. 

 HoŚ§k et al. (2019) found that the recorded functional dissimilarity of avian assemblages 

along the forested gradient on Mt. Cameroon was solely influenced by distance between sam-

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, leaf area index and solar radiation all ex-

plained functional dissimilarity (HoŚ§k et al. 2019. Considering my points above in relation to 

the elevational zonation of trophic guilds, it would be interesting to investigate how the factors 

described by HoŚ§k et al. (2019 influence the distribution of birds within particular guilds. 
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4.2.4 Species Abundance Along the Gradient 

 

The area of zonal communities declines with elevation (Lomolino 2001), and as ranges shrink, 

abundances are expected to follow (Brown 1984, Gaston et al. 2000, Blackburn & Gaston 

2006). In recent years, however, the supposedly ubiquitous positive abundance-range size rela-

tionship has been repeatedly rebutted: bird assemblages on tropical mountains have been found 

to be largely abundant (Fjelds¬ 1999, Ryan et al. 1999, Sekercioĵlu & Riley 2005, Reif et al. 

2006, HoŚ§k et al. 2010, Djomo Nana et al. 2014, Ferenc et al. 2016). Our mist-netting data 

confirm Ferenc et al.ôs (2016) findings based on point counts, implying species abundance 

grows with elevation on Mt. Cameroon. 

In order to explain high abundances of species in species-poor areas, MacArthur et al. 

(1972) proposed the so-called ñdensity compensation hypothesisò. According to the hypothesis, 

communities in areas with low species richness may increase their abundance as they fill the 

available ecological space (MacArthur et al. 1972). Ferenc et al.ôs (2016) point-count data re-

vealed a monotonic decline in species richness with growing elevation, typical for wet tropical 

mountains (McCain 2009A), 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 confirm this, as 

mist-netting highly underestimated total species abundance and richness on Mt. Cameroon, es-

pecially in the lowland forest. Regardless, mist-netting revealed at least one possible mecha-

nism driving density compensation in avifauna according to Wright (1980), which I have al-

ready hinted at above ï an apparent competitive release in the species-poor montane forest. 

Niche theory (Case & Gilpin 1974) predicts that an ecological release in species-poor areas will 

cause the realized niches of local fauna to expand, 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 (MacArthur et al. 1972, Wright 1980). 

The fact that mist nets 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 hypothesis which assumes that species in areas of long-term eco-cli-

matic stability are highly specialized and thus can maintain high abundances (Fjelds¬ et al. 

2012), and that species avoid extinction by maintaining high abundances in small ranges, as 

small population size would be moved by an extinction filter (Williams et al. 2009). All three 
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mechanisms are mutually non-exclusive, and all may play a part in keeping the populations of 

montane species dense. 

 

 

4.2.5 The Problem at the Foothill 
 

Secondary-growth vegetation has replaced many of worldôs lowlands forests, yet it is a crucial 

habitat for bird species, migrant or resident (Terborgh & Weske 1969, Karr 1971, Martin 1985, 

Blake & Loiselle 2001) as it minimizes the effects of fragmentation in the surrounding area. 

Although species richness in secondary forests is generally lower than in the old-growth, high 

species richness and abundance is possible in such forests due to various factors including re-

source abundance (Blake & Loiselle 2001). Barlow et al. (2007) noted that secondary-growth 

forests act as ñsafety netsò for tropical species richness. 

Mist-netting in the small forest fragment surrounded by secondary-growth forest and 

plantations at the foothill of Mt. Cameroon (Bimbia-Bonadikombo Community Forest, 30 m 

a.s.l.) recorded an unusually low number of species (n = 15) and individuals (n = 47), albeit the 

number of observed species 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 

(Ferenc et al. 2018). The possible explanation for this contrast is that species persist here in 

very low densities due to fragmentation effects (Ferenc et al. 2018), or that mist-netting 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 protected by the Mount Cameroon National Park 

(MNCP), which only protects the forest above 300 m a.s.l. Ferenc et al. (2018) compared bird 

and butterfly species richness and abundance with tree species richness and volume at the same 

plots we used in the lowland 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 the direct cause of the low diversity, the authors argue that the secondary-

growth forest at the foothill of Mt. Cameroon suffers from nearby fragmentation and habitat 

alterations (Dranzoa 1998, Owiunji & Plumptre 1998). Ferenc et al. (2018) also reported a lack 

of ground-feeding birds in this forest. The presence of crabs in this area may impose competi-

tive pressures on ground-feeding birds, hindering their foraging success (Ferenc et al. 2018). 

Moreover, understory birds have been found to be generally more sensitive to forest 
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fragmentation (ķekercio lu et al. 2002) and even selective logging (Hamer et al. 2015), which 

could explain why mist-netting in this forest returned such a  low abundance and richness of 

birds. 

Nonetheless, our mist-netting data show that 24 of the 138 species (17.39%) that have 

been recorded here throughout 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 species. Also, the majority 

of kingfishers we detected by either method were recorded in this forest, which is not surprising 

considering the plotôs proximity to a stream and the sea. Rappole et al. (1998) argue that mist-

netting is more effective in secondary-growth forests than point counts. Our mist-netting and 

point-count 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 Conclusion 
 

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 unsurprising that 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 Africa and worldwide (Lambin et al. 2001, Hamadi et al. 2016) 

paired with the effects of the ongoing climate crisis on the montane populations of African birds 

(Sekercioĵlu et al. 2012, Hamadi et al. 2016), it is essential to pinpoint the most time- and cost-

efficient surveying methods. Most importantly, though, these methods must overcome as many 

biases as possible, providing as accurate results as possible. Only then are we able to create and 

apply measures for effective nature conservation. 

I conclude that mist-netting is a vital method for use in bird community assessments in 

species-rich areas with high habitat heterogeneity, where point counts, albeit more efficient at 

recording species richness and abundance, may miss a considerable number of secretive species 

recorded by mist nets. The method has its biases: it mainly detected small, active birds, and its 

efficiency was habitat-dependent. As Martin et al. (2017) suggested and I hereby confirm, un-

derstory mist nets are more efficient in habitats with low canopy height and dense understory 

vegetation cover. Moreover, in agreement with Terborgh (1977), I conclude that mist-netting 

is more efficient at detecting birds from higher forest strata past 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. Ground-to-canopy mist nets may uncover additional species that 

are usually missed by understory mist nets. However, they require more physical effort and are 

very sensitive to weather, especially wind (Derlindati & Caziani 2005).  

Mist-netting was similarly efficient at detecting some key trends along the gradient as 

point counts, such as beta-diversity between elevational plots or community composition 

changes in relation to the birdsô feeding guilds. Also, even if mist-netting is not as efficient at 

measuring relative abundances as point counts, it clearly exposed the negative abundance-area 

relationship appearing on Mt. Cameroon, following the assumption that area declines with 

growing elevation as Ferenc et al. (2016) have found.  

The forests of Mt. Cameroon are remarkably complex. The primary rainforests within 

the MCNP change from a tall lowland forest with a complex vertical stratification and dense 

canopy, through an open mid-elevation 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, I highly suggest the simultaneous use of mist-netting and point counts along such 

structurally diverse altitudinal gradients because they complement each other considerably, to-

gether providing a thorough examination of the local avifauna. 

Finally, the secondary lowland forest within and around the Bimbia-Bonadikombo 

Community Forest (BBCF) hosts various kinds of environments including coastal forests, man-

groves and swamps, which are threatened by nearby logging. Protecting this environment is 

crucial, as secondary forests act as ñsafety netsò for tropical species richness (Barlow et al. 

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 in MCNP. The area of this forest is not protected by MNCP thus I highly 

suggest a more intensive cooperation between the managements of the BBCF and MNCP. My 

results further support Ferenc et al.ôs (2018) suggestion, that due to its unique flora and fauna, 

the BBCF 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 Bimbia-Bonadikombo Community Forest, 30 m a.s.l. 

Photo: OndŚej Sedl§ļek. 

 

 
Picture 2 The sea near our plot at the Bimbia-Bonadikombo Community Forest. Photo: OndŚej 

Sedl§ļek. 
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Picture 3 Point-counting at the Bimbia-Bonadikombo Community Forest, 30 m a.s.l. Photo: OndŚej 

Sedl§ļek. 


