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Seasonal variation in the composition of avian communities is poorly documented in
African montane forests. Using field observations, mist-netting data (63,424 NMH),
recording of mixed-species flocks (160 flocks noted), and of the feeding ecology
of greenbuls (757 observations), we document marked seasonal changes in a bird
community in an East African montane forest (1,340-2,130 m) in the Udzungwa
Mountains in south-central Tanzania. This mountain range contains the largest remaining
forests in the Eastern Arc Mountains in Tanzania, part of a key global biodiversity
hotspot. Our analysis is based on data in the dry and wet season from about 12 months
of fieldwork. Field observation data combined with mist-net data demonstrate noticeable
seasonal changes in certain species’ abundances, indicating (i) seasonal movements
out of the montane forest during the dry season and (i) movements of part of the
populations for other species. Our mist-net results show a significant difference in
species abundances between the two seasons driven by 16 species. We also document
significant changes in diet for two species of greenbuls, which shift feeding behavior
from arthropods in the wet season to include a larger proportion of fruit in their dry
season diet. Our results further show that birds are more active in mixed-species flocks
in the dry season, with a significantly higher average number of species and of individuals
in the dry season, i.e., 11.3 (£0.52 SE) species, 32.3 (x1.76 SE) individuals] compared
to the wet season 9.7 (£0.78 SE) species, 20.8 (+1.85 SE) individuals]. One of two
very distinctive types of mixed-species flocks — confined to the understory — exists only
in the dry season. We discuss these changes to seasonal variability in climate, i.e.,
temperature and precipitation.

Keywords: altitudinal movement, Eastern Arc, mixed-species flocks, seasonality, Udzungwas

INTRODUCTION

Tropical mountains are centers of global biodiversity, endemism and threatened species (McCain
and Colwell, 2011), with rich aggregations of small-ranged species that form centers of endemism
(Rahbek et al., 2019a), and contribute disproportionately to the terrestrial biodiversity of Earth,
especially in the tropics (Rahbek et al., 2019b). At the same time, the role of mountains as refugia
for biodiversity is under serious human threat (IPBES, 2019; Rahbek et al., 2019b).
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Climate change is accelerating (IPCC, 2021) and is considered
one of the most important drivers of biodiversity loss after
changes in land use (IPBES, 2019). Fluctuations in climate
conditions are expected to intensify further due to increasing
temperatures (IPCC, 2021). Coupled with the high rates of
deforestation, forest fragmentation, and degradation in tropical
regions (Laurance et al., 2011), biodiversity is severely threatened
(Vieira et al., 2008; Eglington and Pearce-Higgins, 2012). This
is particularly so in Africa, where deforestation rates are among
the highest in the tropics (Lambina et al.,, 2001; Boko et al.,
2007; IPBES, 2018).

On the mountains’ elevational gradients, projections of
precipitation changes and rising temperature have been shown
to have the potential of jeopardizing bird and mammal
populations (McCain and Colwell, 2011). Especially, increased
drying conditions seem to be developing in areas of Africa
(Oguntunde et al, 2017). Additionally, elevational gradients
present opportunities for species currently living near their upper
thermal limits to track cooler temperatures upslope in warming
climates, but only if changes in precipitation are sufficiently in
step with temperature (McCain and Colwell, 2011). Temperate
species generally have broad thermal tolerances because they are
adapted to a more variable climate compared to tropical species
(Khaliq et al., 2014), whereas in the tropics, montane species tend
to have narrow tolerances, and therefore, montane species are
expected to be particularly vulnerable to climate change (Aratjo
and Rahbek, 2006; Forero-Medina et al., 2011; Laurance et al,,
2011; Santillan et al., 2018).

Species will differ in their sensitivity to climate and land-use
change, depending on their niche breadth as it relates to habitat
and diet (Carscadden et al., 2020). Tropical montane species
often have narrow niches adapted to pockets of suitable habitats.
Habitat specialists and insectivorous bird species will be more
sensitive to disturbances than habitat generalists. The latter will
have a greater chance of surviving and thriving in a wider variety
of disturbed or seasonally variable habitats (Mulwa et al., 2012;
Reif et al., 2013; Powell et al., 2015).

Seasonal changes in the structure of tropical and subtropical
species communities have been known for decades (e.g., Karr,
1976), and temporal fluctuations in species abundance are
widespread (e.g., Loiselle and Blake, 1991; Malizia, 2001), caused,
e.g., by abiotic factors such as rainfall and temperature resulting
in changes in food availability and thermal conditions. In
particular, rainfall seasonality may result in a bottleneck of
resources (insects, nectar, and fruit) during the dry season,
which limits the population size of many species (Williams and
Middleton, 2008). In Afrotropical climates with pronounced and
severe dry/wet seasonal differences, anomalies may be expected
to greatly affect the ecosystems (Parmesan and Yohe, 2003; Root
et al., 2003), including the composition and dynamics of forest
bird communities (see also Pounds et al., 1999). An increasing
dryness and disruption of food resources may have a higher
impact at higher elevations, where the temperature is lower and
therefore influences, e.g., the likelihood of a low abundance
of a given bird species. This could disrupt the connectedness
among and between species and lead to a reformation of species
communities and to extirpations (Root et al., 2003).

Here, we document the seasonal changes in an Afromontane
forest bird community from the Ndundulu Mountains. In the
Udzungwa Mountains, a global biodiversity hotspot in Tanzania
(Wasser and Lovett, 1993; Myers et al., 2000; Dinesen et al.,
2001). Based on three simultaneous studies from 1991 to 1992,
we provide evidence of changes in community composition,
abundance, and behavior between a cold and pronounced dry
season and a warm, humid season. Each of the three simultaneous
studies were designed to increase the likelihood of detecting
seasonal changes by visiting the same forest sites in those two
different seasons but focusing on three independent elements of
the forest bird community. These are the understorey community
as surveyed by mist-netting, as well as feeding behavior of the
abundant greenbuls and composition of mixed-species flocks
(MSFs) by direct observation. Additionally, systematic general
bird observations were collected during extensive walks through
the forest in-between MSF observations.

These different sets of forest bird data are investigated through
the following null hypotheses: (1) There are no seasonal changes
in bird species abundance, (2) there are no changes in diet
between seasons, and (3) there are no differences in participation
and abundance of forest bird species in mixed-species flocks
between seasons. Moreover, we look into different explanations,
such as a seasonal change in behavior or movements out of
the montane forest.

Study Area

The study was conducted in the Ndundulu Mountains in the
Udzungwa Mountains between June 30 and September 9, 1991
(dry season) and between November 5, 1991, and January 9,
1992 (wet season). The study area is situated within what is
now Kilombero Nature Reserve at 36°27" - 36°42'E, 07°39" -
07°51’S (Dinesen et al., 1993). At the time of fieldwork, the
area was classified as West Kilombero Scarp Catchment Forest
Reserve (Moyer, 1992, see Figure 1). The study area is the
western-most part of the largest forest patch on the Udzungwa
Plateau with a continuous forest covering of about 161 km?
(Jensen et al.,, 2020), including the peak of Luhombero. The
entire forest gradient extends from 1,200 to 2,460 m. This
part of the Udzungwas is covered by submontane, montane,
and upper montane forest, with typical high elevation Hagenia
abyssinica dominating large areas above 2,100 m. The study
area is described in more detail in Dinesen et al. (1993) and
Frontier Tanzania (2001).

Flora

“The submontane forest is pristine, with trees often reaching
a height of 30 m, some over 40 m or 50 m. The dominant
tree is Parinari excelsa. Other trees (and shrubs) present include
Bersama abyssinica, Cassipourea gummiflua, Cola stelecantha,
Craterospermum longipedunculatum, Dicranolepis usambarica,
Ixora scheffleri, Myrianthus sp., Oxyanthus speciosus, Piper
capense, Psychotria sp., Strombosia scheffleri, Strychnos sp.,
Tarenna pavettoides, Tarenna quadrangularis, Uvariopsis sp.,
Vitex amaniensis, and Zanthoxylum gilletii” (Ehardt and
Butynski, 2006).
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FIGURE 1 | The Udzungwa Mountains in Tanzania. The study was conducted in the Ndundulu Mts. Adopted from Marshall et al. (2009).
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Geology and Topography

The chain of ancient gneissic mountains running from the
Taita Hills in South-east Kenya to the Udzungwa Mountains
in South-central Tanzania has been termed the Eastern Arc
Mountains” (Lovett, 1993). They are defined as crystalline
mountains under the direct influence of the Indian Ocean
climate (Lovett, 1990), and regarded as part of the Tanganyika-
Nyasa Mountain Forest Group (Moreau, 1966). As uplifted
fault blocks, the mountains appear today as a chain of
isolated forest-capped mountains across eastern and south-
central Tanzania to the Taita Hills in south-eastern Kenya.
Most mountains are habitat islands that rise steeply 1-2 km
above the “ocean” of dry savanna plains and harbor a unique
flora and fauna, of which many species are endemic to the
mountain chain or even to single mountains (Wasser and Lovett,
1993; Burgess et al., 2006).

One of the largest mountain blocks of the Eastern Arc
is the Udzungwas, located centrally in Tanzania at the
Southwest terminus of the mountain chain. The distance
to the Indian Ocean from the Udzungwas varies from
about 270 km at Mwanihana (east), and 470 km at
Mufindi (west). The length of the Udzungwa Mountains is
roughly 240 km from south to north, and the topography
varies from foothills and lowlands at c. 300 m to peaks
well above 2,000 m.

Climate

Studies of marine sediments from the Indian Ocean reveal that
the surface temperature here was only 1-2°C lower during the ice
age and did not decline at all off the Tanzanian coast (Prell et al.,
1980). This coastal zone may therefore have been permanently
warm and humid, and the Eastern Arc Mountains, including the
Udzungwas, may therefore have retained patches of humid forest
permanently through very long periods (Raven and Axelrod,
1978; Prell et al.,, 1980). However, more recent studies in the
Udzungwas indicate large variations in forest cover within the
last 45,000 years and widespread burning (Finch et al., 2014).
The high-altitude areas have a climate very different from the
foothills as a result of precipitation and temperature changes.
Mean annual rainfall in the Udzungwas along the south-eastern
scarp is c. 2,000 mm, decreasing to 900 mm on the western
plateau (Ehardt et al., 2005). At Mwanihana in the east, with a
continuous elevational range of moist forest from 450 to 1,760 m,
mean annual rainfall at the foot of the escarpment has been
measured at 1,747 mm (at 366 m altitude with 14 years of records)
(Lovett, 1996). Rainfall on the escarpment slopes is higher and
probably 1,800-2,000 mm per year (Rodgers and Homewood,
1982). However, rainfall and local weather vary considerably
between seasons (and years) and the specific localities, and the
dry season is often with periods of prolonged drought. The warm
and humid wet season generally starts in November, lasting to
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May, with on average greater than 100 mm of rain each month
(Lovett, 1996); but with yearly changes from this general pattern.
Temperatures drop rapidly, with altitude with a lapse rate of
about 0.6°C per 100 m (Pocs, 1976). Frost has not been reported
from the Udzungwas, but in the other Eastern Arc Mountains at
high altitudes (e.g., Pocs, 1976).

MATERIALS AND METHODS

Three of the authors (LH, TL, and LD) collected data used
for this paper in both dry and wet seasons during a 4-month
period of fieldwork in the Ndundulu Mts. in 1991-1992. Data
on the bird community were gathered on a daily basis when
the weather permitted it (on occasion rain and fog prevented
data collection in the wet season). In general, studies often
took advantage of the trails made by African savanna elephants
(Loxodonta africana) and Cape buffaloes (Syncerus caffer), which
facilitated walking during surveys. Here follows details on field
observations, observations of mixed-species flocks, the diet of
greenbuls, mist-netting, and weather data. We also assign each of
the montane forest birds into specific feeding guilds comprising
seven categories: carnivore, granivore-insectivore, frugivore-
insectivore, insectivore, insectivore-frugivore, omnivore, and
nectarivore-insectivore (see Annex 1). MSFs turned out to be a
common and dominant feature in the forest just like in a wide
range of other forested habitats worldwide, birds joining flocks
benefit by increased foraging rates and ‘safety in numbers’ (see
e.g., Sridhar et al,, 2009). Moreover, greenbuls are among the
most abundant species, and the six species involved in the study
were highly abundant at certain altitudes, indicating successful
feeding strategies. Furthermore, in order to detect changes in
overall species composition, including elusive understory birds,
mist-netting and general field observations were undertaken.
The data collection methods are described in more detail
below. We follow the nomenclature of IOC World Bird List
(Gill et al., 2021).

Mixed-Species Flocks

We defined an MSF as consisting of two or more species, foraging
less than 10 m apart, staying together for at least 5 min, and all
members clearly moving together in the same direction, which
is more rigid than, e.g., Goodale and Beauchamp (2010). The
number of individuals of each participating species was noted.
The passage of a flock often caused a burst of activity from other
resident (territorial) birds. These could be singing, calling, and/or
moving toward the flock. As aroused birds did not start feeding
and moving with the flock, they have been excluded from the MSF
material and analysis. In general, a flock was followed for as long
as it was necessary to count and identify all individuals, resulting
in a longer observation time for the large flocks. All MSFs were
recorded within forest habitats. The composition of MSFs was
recorded on a Dictaphone and transferred to notebooks on a
daily basis. Unidentified birds were noted but not used in the
analysis. Time and effort were not standardized for the different
elevations. Data on MSF was collected by TL with an effort of 55

and 47 field days in the dry and wet seasons, respectively, between
1340 and 2000 m.

For the analysis of the MSF data, we use a generalized linear
model (GLM) with a log link function to test for seasonal
differences in (a) the number of flocks observed per day,
(b) the number of species per flock, and (c) the number of
individuals per flock. The GLM assumes that these three response
variables follow a Poisson distribution. We then test for seasonal
differences in species-level occupancy (presence-absence in
flocks) and abundance (number of observed individuals per
flock). The occupancy analyses are conducted using a GLM
based on a Bernoulli probability distribution and a logit link
function. For the abundance analyses, we use a GLM of the
previous Poisson-type. To ensure sufficient data for each analysis,
we exclude species observed in less than five flocks. Due to the
numerous independent tests, we apply Bonferroni correction on
the p-values (i.e., multiplying the p-values by the number of
conducted tests; n = 28). Finally, the seasonal turnover in the
mixed flocks” species composition is illustrated using Non-metric
Multi-dimensional Scaling (NMDS) from the ‘vegan’ R package
(Oksanen et al., 2019).

Feeding Ecology of the Forest Greenbuls
Data on the following species were collected: Yellow-streaked
Greenbul  Phyllastrephus  flavostriatus, Placid  Greenbul
Phyllastrephus  placidus, ~ Shelley’s Greenbul Arizelocichla
masukuensis. Stripe-faced Greenbul Arizelocichla striifacies,
Little Greenbul Eurillas virens, and Yellow-throated Greenbul
Arizelocichla chlorigula. Observations were primarily done in
the morning and in the afternoon. All feeding records were
written in a notebook with notes on species, date, time, elevation,
feeding behavior, diet, height above ground, the canopy height,
the number of individuals, and whether the individuals took part
in an MSF (see Dinesen, 1995 for details). When a greenbul was
sighted, it was followed until the first food item was captured, or
an unambiguous substrate search was observed and then used
as a feeding record. No further records were obtained of that
particular individual. Simultaneously feeding observations of
individuals or groups are treated as being independent, even
though the feeding behavior of one bird may influence that
of another (see Hjejl et al, 1990; Recher and Gebski, 1990;
Sherry, 1990). The observations were carried out between 1,340
and 2,000 m in both seasons with an effort of 55 and 40 days,
respectively, undertaken by LD. Observation effort was not
standardized along the elevational gradient. The classification
scheme of foraging behavior proposed by Remsen and Robinson
(1990) is followed. However, we only use diet in this analysis.

We use the Chi-squared test to analyze the changes in diet
between seasons for the six species of greenbuls. The null
hypothesis is that the distribution of food choices remains the
same between the seasons. Because there are only two categories
in each frequency class, we apply Yates’ correction of continuity
(Yates, 1934), which involves subtracting 0.5 from the numerator
component of the Chi-square formula:

(|0 — E| — 0.5)?
=2
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Here, O and E represent the observed and expected
frequency, respectively.

We also investigate shifts in food preferences for each species
individually. Due to the low number of registered individuals
for some classes generating expected frequencies < 5, we could
not use Chi-squared tests. Instead, we applied Fisher’s exact test
in R (see R Core Team, 2020), which does not have the same
requirements for sample size. In the tests for individual species,
we apply Bonferroni correction on the p-values to compensate
for the increased type I error rate under multiple testing.

Mist-Netting

Data was collected by LAH on the elevational gradient of
1340 to 2130 m in both seasons. Mist-nets were of the brand
North Ronaldsay, mesh-size was for passerine birds. The ringing
stations were placed near the camp to reduce the handling time
of the bagged birds. Mist-nets were erected for every 200 m along
a more or less long “straight” line from the lowest camp to the
upper camp, and all faced toward the southeast. Each net or
group of nets were placed to cover as many different vegetation
types as possible, but areas with no undergrowth were avoided as
initial netting had shown that very few birds were caught here.
Each net was opened shortly before the first song of the dawn
chorus and remained open until sunset. We deviated from this
standard only due to rain or thick wet fog. Each net was checked
at least once per hour and opening and closing time were noted.
If weather conditions permitted, each net was erected for at least
two full successive days. A mist-net with, e.g., a length of 12 m
operated for 12 h has a total NMH (net meter hours) of 144
NMH. Therefore, the rate at which birds are captured in mist-
nets provides a “simple” index for comparison for a “mist-net
abundance” of the undergrowth birds at different sites within
the forest. As a minimum, we sampled each site in both seasons
for 2,500 NMH.

We use a Chi-squared test to analyze the community turnover
between the dry and wet seasons. This test is sensitive to
rare species in the contingency Supplementary Table S1. As
a rule of thumb, less than 20% of the expected frequencies
should be <5, and none should be less than 1 (Fowler et al.,
1998). To meet these criteria, we excluded 13 species from
the analysis, all singletons (n = 10) or doubletons (n = 3):
African Goshawk Accipiter tachiro, Black-headed Apalis Apalis
melanocephala, Bar-tailed Trogon Apaloderma vittatum,
Dapple-throat Arcanator orostruthus, Black-fronted Bushshrike
Chlorophoneus nigrifrons, Klaas's Cuckoo Chrysococcyx klaas,
Olive Woodpecker Dendropicos griseocephalus, Collared Sunbird
Hedydipna  collaris, Scaly-throated Honeyguide Indicator
variegatus, African Dusky Flycatcher Muscicapa adusta,
Yellow-rumped Tinkerbird Pogoniulus bilineatus, Green Barbet
Stactolaema olivacea, and Tambourine Dove Turtur tympanistria.
We stepwise removed species and recalculated the Chi-squared
test to identify the species contributing most to the seasonal
community turnover. The few records of these 13 species can be
explained by the fact that a few were low-density species (e.g.,
Dapple-throat) or occurred in mid-stratum and/or canopy or are
species attracted to the forest edge and light gaps, making it less
likely for these to be caught by a mist-net.

We apply the Chao 1 estimator (Chao, 1984; Colwell and
Coddington, 1994) to estimate the ‘true’ species diversity in each

season.
2

Chao 1 = Sype + ~1
aol = —

obs 2F,
Here, S,y is the sampled number of species. F; is the number of
species encountered once (i.e., singletons). F; is the number of
species encountered twice (i.e., doubletons).

Field Observation Data

We used 10x40 Zeiss binoculars. We use TLs general field
observation data while looking for mixed-species flocks. He noted
all birds seen and heard during walks in the forest between 1,340
and 2,000 m on the entire elevation gradient. All individuals
encountered were identified and noted with date, altitude, and
time period for each field survey. Data were gathered during
both the dry and wet season with an effort of 55 and 47
field days, respectively. We assess that TLs field observations
(including all bird observations in and between MSFs) provide
a realistic picture of the composition of the bird community as
the observations covered the different forest strata in the range
from 1,340 to 2,000 m and were collected consistently.

Weather Data

A rain gauge (Wilh. Lembrech Gottingen with a capacity
of 50 mm) was set up next to our campsite. Readings had
an accuracy of 0.1-0.5 mm (the shape of the gauge was
conical). All measurements of precipitation are of direct rainfall.
The Temperature was measured with an electronic min-max
thermometer with an accuracy of £0.5°C, and manual readings
were taken at 0600 h, 1200 h, 1500 h, and 1800 h. Only readings
within £10 min of the hour in question have been used. Most
measurements were taken at 1,720 m. Temperature is sensitive to
altitude, and measurements at other altitudes have been corrected
for altitude and adjusted to this elevation, which has been used as
standard. All measurements were taken from a fixed position in
the shade at roughly 150 cm above the ground and under rainfall
cover. Weather data were collected by LAH during both seasons.

RESULTS

Seasonal Change in Local Weather
Figure 2 shows the marked seasonal change in local weather
during our study. The temperature increased about 5°C from
an average of 14.5°C to 19.2°C (Figure 2A). The minimum
temperature recorded was 4°C (August 30 and September 8,
1991) in the dry season, and maximum was 25°C (18 December
1991) in the wet season. There was a marked change in rainfall as
well (Figure 2B), as almost zero rainfall was recorded (7 mm) in
our study area in the dry season, increasing to about 900 mm in
the wet season (Figure 2B). The dry season was pronounced and
long, as we have observed in other years of fieldwork in the same
area (LD, TL, and LAH).

We recorded a total of 94 montane forest bird species in
the study area, excluding some temperate migrants such as,
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FIGURE 2 | Rainfall and temperature measured at the study site and during
the study period from July to August 1991 (dry season) and again from
November to January 1992 (wet season) at different camp sites at different
altitudes. (A) Temperature readings were made every hour between 0600 h
and 1800 h. No measurements were taken during October. (B) Here, we
present four values as averages measured at different campsites at different
altitudes in the study area during the period from July to September1991 (dry
season) and again from November 1991 to January 1992 (wet season).

e.g., Blackcap Sylvia borin, and Thrush Nightingale Luscinia
luscinia observed at the forest edge. Following Jensen et al. (2020)
and including species in MSFs, the bird community comprises
40 (50%) insectivorous species, 17 (21%) mainly frugivore-
insectivore (omnivorous) species, nine (11%) insectivore-
nectarivore species, five (6.3%) granivorous species as well as six
(7.5%) birds of prey (see Annex 1). Based on mist-net data, MSE,
and field observation data, we developed species accumulation
curves (Figure 3). The cumulative number of species increased
drastically during the initial sampling period but eventually
flattened (Figures 3A,B). This pattern indicates that our samples
are good representations of the actual species communities,
providing confidence in our results.

Almost 50 species were recorded in the mist-nets in the wet
season (Figure 3A) where the species accumulation curve rise
faster than in the dry season. Fewer bird species were caught
in the dry season as well as fewer individuals, and the curve
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FIGURE 3 | Species accumulation curves based on mist-net (A) and on field
data (B).

is still increasing. In total, 72 species in the dry and 74 in the
wet season were recorded in the MSF and field observation data
(Figure 3B) with a faster accumulation in the wet season as well.
Thus, the graphs indicate that the speed of adding new species
was slightly slower during the dry season; however, it should be
noted that we were more familiar with the species identification
in the wet season as it comprised our second field period. The
two species accumulation curves (Figures 3A,B) should not be
compared with each other because mist-netting was conducted
over a longer gradient at the upper end than the MSF and the
field observation data, and therefore mist-netting data includes
species that was not encountered at lower elevation. The overall
picture is that both species numbers and abundance are higher in
the field observation data (including MSFs) because this method
includes records of birds from all forest strata.

An additional number of species were recorded inside the
forest during TLs collection of field observation data, none
of which were treated in Jensen et al. (2020) and also not
further analyzed in this paper. None of these participated in
the MSF’s, but all were recorded at altitudes from 1340 m and
upward, and may satisfy the criteria set in Jensen et al. (2020)
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for qualifying as a montane forest species (>1200 m):
Crowned Hornbill Lophoceros alboterminatus (common, both
seasons, whole gradient), Tambourine Dove (>5 observations),
Crested Guineafowl Guttera pucherani (once, dry season only,
1700 m) and Green-backed Honeybird Prodotiscus zambesiae.
The following species were also recorded inside the forest,
but are considered as forest edge species in our case and/or
have other habitat preferences: African Black Duck Anas sparsa,
African Green Pigeon Treron calves, Little Sparrowhawk Accipiter
minullus, Black Sparrowhawk Accipiter melanoleucus, White-
necked Raven Corvus albicollis, White-eyed Slaty Flycatcher
Melaenornis fischeri, Ashy Flycatcher Muscicapa caerulescens,
Yellow-bellied Waxbill Coccopygia quartinia, Lesser Seedcracker
Pyrenestes minor.

Mixed Species Flocks
During the dry season, a total of 111 mixed-species flocks
were recorded during 55 field days. Of these, 96 fulfilled the
criteria of at least 95% of all individuals identified. This slightly
reduced data set was used for analysis, with a total of 50
species identified as participating in the MSFs. During the wet
season, 49 MSFs were recorded, with a total of 37 species in
47 field days. One distinct type of MSF (labeled canopy MSF)
was generally confined to the higher mid-stratum and canopy
and was recorded both during the dry (n = 42) and the wet
(n = 40) season. The canopy MSF comprised the following
species (n = the number of flocks attended): Yellow-streaked
Greenbul (n = 81), Common Square-tailed Drongo Dicrurus
ludwigii (n = 78), Dark-backed Weaver Ploceus bicolor (n = 77),
Black-headed Apalis (n = 74), Yellow-throated Woodland
Warbler Phylloscopus ruficapilla (n = 46), Brown-headed Apalis
Apalis alticola (n = 44), Grey Cuckooshrike Ceblepyris caesius
(n = 44), Black-fronted Bushshrike (n = 38), Olive Woodpecker
(n=37), Shelley’s Greenbul (n = 37), Southern Yellow White-eye
Zosterops anderssoni (n = 29), Green Barbet (n = 28), Stripe-
faced Greenbul (n = 24), Moustached Tinkerbird Pogoniulus
leucomystax (n = 21), White-winged Apalis Apalis chariessa
(n = 20), and Chapin’s Apalis Apalis chapini (n = 18). An
additional 34 species were attending 15 or fewer canopy MSFs.
The only other distinct type of MSF was confined to
the understorey (labeled understorey MSF), but was only
encountered during the dry season (n = 16). The understorey
MSFs were mainly composed of the following species,
where n = the number of flocks attended: Placid Greenbul
Phyllastrephus placidus (n = 16), Dark Batis Batis crypta
(n = 12), Shelley’s Greenbul Arizelocichla masukuensis (n = 9),
Yellow-throated Woodland Warbler (n = 9), Bar-throated Apalis
Apalis thoracica (n = 7), Red-capped Forest Warbler Artisornis
metopias (n = 5), White-tailed Crested Flycatcher Elminia
albonotata (n = 5), Fiilleborn’s Boubou Laniarius fuelleborni
(n = 4), and African Hill Babbler Sylvia abyssinica (n = 4). An
additional 12 species were attending three or fewer understorey
MSF’s. A total of 38 flocks in the dry season and nine flocks in the
wet season could not be assigned to any of the above two distinct
types/categories of MSFs and were disregarded in the analysis
(see Annex 2, sheet “Table 1 and Figure 4, where the 38 and 9
flocks are marked with 3’).

The average number of MSFs observed per day in the dry
season was 2.02 (£0.13 SE) and 1.04 (40.18 SE) during the wet
season. There were two field days in the dry season with zero
flocks and 15 days with zero flocks in the wet season. Using a
Poisson GLM with a log link function, we found significantly
more flocks per day during the dry season than in the wet season.
B =0.66, SE = 0.17, p-value < 0.001.

The average number of species in the canopy MSFs was
9.7 (£0.78 SE) in the wet season, and 11.3 (£0.52 SE) in the
dry season (standardized coeflicient () = 0.15, Standard error
(SE) = 0.07, p-value = 0.025). Hence, there were significantly
more species per flock in the dry season. There were also
significantly more individuals per flock during the dry season,
with an average number of individuals of 20.8 (1.85 SE) in the wet
season, compared to 32.3 (1.76 SE) in the dry season (f = 0.43,
SE = 0.02, p-value < 0.001).

A total of 50 species were recorded in the canopy MSFs;
however, only 36 species were observed in more than five flocks.
We used five occurrences to fulfill the statistical analysis criteria.
Among these 36 species, only two species showed significant
differences in occupancy between the two seasons. Brown-
headed Apalis and Yellow-throated Woodland Warbler occupied
significantly more flocks during the dry season than during the
wet season (see Table 1). In the analysis testing for seasonal
differences in the species abundance, only Yellow-streaked
Greenbul turned out as significantly more abundant in the dry
season (B = 0.73, SE = 0.11, corrected p-value < 0.001). Lastly,
we visually compared the canopy MSFs between seasons using an
NMDS plot (Figure 4), which incorporates both the turnover in
species composition and abundances. Here, it becomes apparent
that only three flocks are compositionally similar between the wet
and the dry season and hence a clear difference in composition
between the dry and the wet season canopy MSFs.

Feeding Ecology of Greenbuls

Six species of forest greenbuls were present within the study
area. All-together 757 feeding observations (320 from the wet
and 430 from the dry seasons) were recorded: Shelley’s Greenbul
(n = 192), Little Greenbul (n = 82), Yellow-streaked Greenbul
(n = 178), Placid Greenbul (n = 138), Striped-faced Greenbul
(n = 77) and Yellow-throated Greenbul (n = 90).

We found notable differences in food selection of two of
the six species of greenbuls between the dry and wet seasons.
Two species fed more on fruit during the dry season. Shelley’s
Greenbul shifted from an omnivorous diet in the dry season
to a predominant insectivorous diet in the wet season (Fishers’
exact p < 0.001, Table 2), and Striped-faced Greenbul shifted
from a predominantly frugivorous diet in the wet season to an
omnivorous diet in the dry season (Fishers’ exact p < 0.001,
Table 2). Yellow-throated Greenbul was mainly frugivorous, but
ate proportionally more fruits in the dry season. However, this
was not statistically significant. In both seasons, Little Greenbul
had a mixed insectivorous-frugivorous diet consisting of the
same proportion of fruits and insects (Fishers exact p = 1).
The two Phyllastrephus species, Yellow-streaked Greenbul and
Placid Greenbul, were both highly insectivorous; only twice was

Frontiers in Ecology and Evolution | www.frontiersin.org

April 2022 | Volume 10 | Article 768020


https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org/
https://www.frontiersin.org/journals/ecology-and-evolution#articles

Dinesen et al.

Seasonal Changes in Bird Species Community

TABLE 1 | Seasonal differences in occupancy for species participating in the 82
canopy mixed-species flock type.

Species names Occupancy Occupancy Corrected

in wet indry p
season season
(%) (%)
Green Wood Hoopoe 5 19 1
(Phoeniculus purpureus)
Green Barbet 40 29 1
(Stactolaema olivacea)
Moustached Tinkerbird 30 21 1
(Pogoniulus leucomystax)
Yellow-rumped Tinkerbird 28 10 1
(Pogoniulus bilineatus)
Cardinal Woodpecker 22 2 0.591
(Dendropicos fuscescens)
Olive Woodpecker 28 62 0.06
(Dendropicos griseocephalus)
Dark Batis 8 21 1
(Batis crypta)
Black-fronted Bushshrike 40 52 1
(Chlorophoneus nigrifrons)
Grey Cuckooshrike 38 69 0.133
(Ceblepyris caesius)
Common Square-tailed Drongo 98 93 1
(Dicrurus ludwigii)
African Paradise Flycatcher 25 2 0.407
(Terpsiphone viridis)
White-tailed Crested Flycatcher 18 12 1
(Elminia albonotata)
Shelley’s Greenbul 50 40 1
(Arizelocichla masukuensis)
Yellow-throated Greenbul 2 24 0.542
(Arizelocichla chlorigula)
Stripe-faced Greenbul 42 17 0.337
(Arizelocichla striifacies)
Little Greenbul 5 12 1
(Eurillas virens)
Yellow-streaked Greenbul 98 100 1
(Phyllastrephus flavostriatus)
Yellow-throated Woodland Warbler 28 83 <0.001
(Phylloscopus ruficapilla)
White-winged Apalis 20 29 1
(Apalis chariessa)
Black-headed Apalis 98 83 1
(Apalis melanocephala)
Chapin’s Apalis 12 31 1
(Apalis chapini)
Brown-headed Apalis 12 93 <0.001
(Apalis alticola)
Southern Yellow White-eye 50 21 0.221
(Zosterops anderssoni)
Waller’s Starling 0 14 NA
(Onychognathus walleri)
Uluguru Violet-backed Sunbird 12 5 1.0
(Anthreptes neglectus)
Collared Sunbird 10 14 1
(Hedydlipna collaris)
Olive Sunbird 10 10 1
(Cyanomitra olivacea)
(Continued)

TABLE 1 | (Continued)

Species names Occupancy in Occupancy in Corrected

wet season dry season P
(%) (%)
Moreau’s Sunbird 8 12 1
(Cinnyris moreaui)
Dark-backed Weaver 90 98 1

(Ploceus bicolor)

The occupancy corresponds to the seasonal percentage of mixed flocks in
which we observed a focal species. The table only depicts species observed
in at least five flocks. The p-values come from generalized linear models of the
Bernoulli type testing for seasonal differences in species occupancy. We used
Bonferroni correction on the p-values to minimize type-I error associated with
multiple independent testing. Species showing significant differences in occupancy
between the two seasons are highlighted in bold font. NA, not applicable, due to
absence in flocks during the wet season.

the latter observed picking fruits (dry season), while Yellow-
streaked was entirely insectivorous in both seasons, and an
extremely active and numerous species in the study of canopy
MSF’s (Table 2). In contrast, the Placid Greenbul was an active
and numerous member of the understory MSFs in the dry season.
Thus, Fishers’ exact test was not applicable for Yellow-streaked
Greenbul and was highly non-significant for Placid Greenbul
(Fishers’ exact p = 1).

Mist-Netting
A total of 40,391 NMH was completed in the dry season
versus 23,033 NHM in the wet season. Mist-netting was

Season:|[@| Dry [@] Wet

0.5

MDS2

0.0

-0.54

05 10

0.0
MDS1

FIGURE 4 | NMDS plots comparing the species compositions of mixed flocks
between the wet and dry season. Each dot corresponds to a mixed-species
flock sampled in either the wet or dry season. Dots closer to each other have
more similar species composition (measured by Bray—-Curtis dissimilarity). The
plot includes only canopy flocks as understory flocks were absent in the wet
season.
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TABLE 2 | Diet of six species of greenbuls in the dry and wet season in the
Ndundulu study area including.

TABLE 3 | List of the 16 species caught in the mist-nets, showing the community
turnover between the dry and wet season.

Greenbuls Number of observations Species Dry season (N Wet season (N
per season mistnetted) mistnetted)
Shelley’s Greenbul (Arizelocichla Dry Wet Lemon Dove (Columba larvata) 14*
masukuensis) Moustached Tinkerbird (Pogoniulus 6 1
Arthropods 63 73 leucomystax)
Fruits 48 8 African Broadbill (Smithornis capensis) 0 20"
Little Greenbul (Eurillas virens) African Paradise Flycatcher (Terpsiphone 0 16*
Arthropods 8 39 viricis)
Fruits 5 30 White-tailed Crested Flycatcher (Elminia 8 34
Yellow-streaked Greenbul albonotata)
(Phyllastrephus flavostriatus) Shelley’s Greenbul (Arizelocichla 90 53
Arthropods 114 64 masukuensis) .
Fruits 0 0 Placid Greenbul (Phyllastrephus placidus) 38 19
Placidus Greenbul (Phyllastrephus ;ellow—greaked Greenbul (Phyllastrephus 0
placidus) lavostriatus)
Arthropods 103 33 Evergvreen Forest Warbler (Bradypterus 4 41
) lopezi)
Fruits 2 0 .
i Cinnamon Bracken Warbler (Bradypterus 0 13
Strllped-f.aced Grc.e.enl:ful cinnamomeus)
(Arizelocichla striifacies) ) . )
Bar-throated Apalis (Apalis thoracica) 12 33
Arthropods 5 37 . .
) Swynnerton’s Robin (Swynnertonia 8 2
Fruits 20 15 swynnerton)
YeII_ow-th_roated Gr?enbul White-starred Robin (Pogonocichla stellata) 3 111
(Arizelocichla chlorigula) ) .
Sharpe’s Akalat (Sheppardia sharpei) 52 38
Arthropods 3 5 ) . . .
) Olive Sunbird (Cyanomitra olivacea) 104 92
Fruits 68 14 ) ) . .
Oriole Finch (Linurgus olivaceus) 0 11
Sum 439 318 )
Species total 37 48
Total observations of all species and both categories are 757. Total number of individuals caught 674 956
(excluding recaptures)
Net meter hours (NMH) 23,033 40,391

conducted at all mist-netting sites in both seasons (see
the section “Materials and Methods”). The total number of
individuals mist-netted was 1630, represented by 52 species:
In the wet season 37 species of 675 individuals, and in the
dry season: 48 species of 956 individuals (for accumulation
curves, see Figure 3).

Four species were only seen during the dry season, while 15
other species were only observed during the wet season. The
accumulation curve of species caught (Figure 3) indicates that
mist-netting effectively catches the understorey species, apart
from, e.g., gallinaceous birds. Certain species from higher strata
were caught in small numbers, especially in the wet season,
e.g., Striped-faced Greenbul, Yellow-throated Greenbul, Bar-
throated Apalis, Oriole Finch, Yellow-streaked Greenbul, and
White-tailed Crested Flycatcher.

We found a significant difference in species abundances
between the two seasons: Chi-squared = 268.88, df = 38,
p-value < 0.001. The statistical significance of the Chi-squared
test was driven by 16 species having the largest change in relative
abundance between the seasons. The overall result remains
significant when any of these 16 species are included. If removing
all 16 species, the overall Chi-squared test on the remaining 23
species is not significant (Table 3).

The number of singletons in the mist-nets was ten and
doubletons three. Rarely captured species include: African
Goshawk (Accipiter tachiro), Black-headed Apalis (Apalis

P <0.01, *p < 0.05.

melanocephala), Bar-tailed Trogon, Dapple-throat, Black-
fronted Bushshrike, Klaas’s Cuckoo, Olive Woodpecker,
Collared ~ Sunbird, Scaly-throated Honeyguide, African

Dusky Flycatcher, Moustached Tinkerbird, Green Barbet,
and Tambourine Dove.

Field Observation Data

The field observation data used for analysis (see Table 4)
comprised a total of 70 species, with 65 species recorded
in the wet season and 67 in the dry season. The results
presented in Table 4 show that Eastern Bronze-naped Pigeon
Columba delegorguei, Barred Long-tailed Cuckoo Cercococcyx
montanus, Bar-tailed Trogon, Green Barbet, African Broadbill
Smithornis capensis, African Paradise Flycatcher Terpsiphone
viridis, Stripe-faced Greenbul, Black-headed Apalis, Red-capped
Forest Warbler, Orange Ground Thrush Geokichla gurneyi,
and White-starred Robin Pogonocichla stellata were all more
common during the wet than during the dry season. Of these,
four species were almost absent from the montane forest
during the dry season, namely Barred Long-tailed Cuckoo,
African Broadbill, African Paradise Flycatcher, and White-starred
Robin, while African Dusky Flycatcher was completely absent
during the dry season.
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DISCUSSION

Our data show that the montane forest bird community in
the Ndundulu Mountains in the Udzungwas undergoes marked
changes between the dry and wet seasons. This general result is
clear in all the three independent studies: Some species move out
of the montane forest in the dry season. Other species showed
partial movements as they remained but with reduced numbers in
the dry season and others again change diet or change the social
behavior by participating or participating significantly more
in mixed-species flocks. The seasonal turnover in community
composition is particularly noticeable in the mixed-species flocks.
As illustrated in the NMDS plot (Figure 4), only three canopy
MSFs from the wet season were compositionally similar to
flocks from the dry season. These were recorded between 15
and 30 November in the “short rains.” In any case, our results
support previous findings that the majority of the populations,
including the vast majority of the Eastern Arc endemics -
of which many are insectivorous species — do not undertake
seasonal movements to lower altitudes (see Table 4, Annex 1,
Burgess and Mlingwa, 2000). It has previously been shown that
Udzungwa Mountains are home to a distinct montane bird
community, with another community found at lower elevations
(Romdal and Rahbek, 2009).

We are quite confident that key environmental drivers are
responsible for the observed changes in species composition and
behavior between seasons. The long dry season in the mountains
lasts several months with minimal precipitation compared to a
warm and humid wet season on average 5°C warmer in our
study period 100-fold more rain and with most forest bird species
breeding (Brown and Britton, 1980). This results in food scarcity
in the dry season, especially for insectivorous species (see e.g.,
Brown and Britton, 1980; Williams and Middleton, 2008; see
also Malizia, 2001). For instance, a study by Mulwa et al. (2012)
found species richness and the total abundance of frugivores
and insectivores concurred with the seasonal availability of
their respective resources. In comparison, our data indicate that
frugivorous-insectivore species are perhaps less influenced by
seasonal variation, presumably because fruiting is more variable
in time and space in the forest (see e.g., Adamescu et al., 2018),
e.g., in different microhabitats such as light gaps, forest edge and
between tree species. Thus trees fruiting varies not only between
species and season but also within the same species and even the
same tree from year to year (Wheelwright, 1986).

Comparable to frugivore-insectivorous, nectarivorous
sunbirds may be similarly impacted by the variability of
flowering (and thus nectar) and occurrence of invertebrates.
They feed on both nectar from flowering plants/epiphytes and on
insects and the more common species appear abundant in both
seasons. There were indications that several of the rare sunbird
species move more around in the non-breeding season and were
recorded in the study area in the dry season only. However, the
most common Olive Sunbird is known from other localities to
undertake altitudinal movements (Cordeiro, 1994a), however,
we cannot find it in our data for the Ndundulu Mountains.

We did not collect data on food abundance, either flowering
nor, fruits, nor arthropods, and we have anecdotal information

from the study area only: During the wet season, a rain of
larvae droppings from above to the tarpaulin at camp could be
heard. During the daytime, there were bursts of cicada sounds,
butterflies were numerous and a different insect life compared
to the dry season. Fruits and flowering seemed abundant in the
dry season. These seasonal findings on food abundance seem to
be supported by a study in forests in northern Kenya (Borghesio
and Laiolo, 2004) and a study on tropical savannah birds in West
Africa showed a positive response in breeding and body mass
to resource availability brought about by seasonal rainfall (Cox
et al.,, 2011), which concur with our findings in the Udzungwas
(unpublished data).

Change in Behavior Between Seasons

Our results show that many, mainly insectivorous species, attend
MSFs in the dry season. The distinct understorey MSF with the
participation of birds from the forest understorey comprising up
to 10 species and up to 26 individuals were active in the dry
season only. Therefore, there seems to be a clear advantage of
participating in MSFs during the dry season, e.g., related to the
scarcity of food in that season. Likewise, the distinct canopy MSF
comprised mainly canopy and higher mid-stratum species, and
had more species and more individuals of each species in the dry
season (e.g., 50 species in dry season versus 37 in the wet season).
Furthermore, the mobility of MSFs was considerably higher in the
dry season, and flocks moved faster through the forest compared
to the wet season where the MSFs were virtually sedentary (TL
unpublished data).

Some of the most abundant species in the bird community
were the six greenbuls (see also Keith et al., 1992; Britton, 1980),
which responded to the presumed change in food availability by a
flexible behavior (see also Dinesen, 1997). Two of the six species
studied changed diet and feeding behavior, see also Dinesen
(1995) toward significantly more fruits in the dry season and
there are indications that Yellow-throated Greenbul do the same
as it almost entirely ate fruits in the dry season and occasionally
fed on nectar and possibly leaves in this season compared to
more arthropods in the wet season. An extremely rapid feeding
behavior of Little Greenbul of sallying out swiftly hovering and
catching airborne insects in the wet season seemed not to be
practiced to the same extent in the dry season; however, more
data are needed to support this. This seasonal shift in diet is in
contrast to a study in a much drier forest environment in Kenya
(Borghesio and Laiolo, 2004), where most species did not change
their behavior between seasons. However, Borghesio and Laiolo
(2004) nonetheless concluded that omnivores shifted to frugivory
in the dry season and fed more on invertebrates in the wet season,
as in our study.

The two insectivorous greenbul species Yellow-streaked
Greenbul and Placid Greenbul were very characteristic and
dominant members of each of the two distinct types of MSFs.
Placid Greenbul ate fruits on a few occasions in the dry season,
perhaps indicating the limitations of available arthropods in this
season. The greenbul study, as well as the field and MSF data,
support that these two insectivorous and gregarious greenbuls
are more or less resident and abundant in both seasons (see also
Dinesen, 1997).
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TABLE 4 | Field observations in dry and wet season.

Species Occupancy in wet Occupancy in dry p-Value Corrected
season (%) season (%) p-value
Udzungwa Forest Partridge (Xenoperdix udzungwensis) 26 44 0 1
Livingstone’s Turaco (Tauraco livingstonii) 98 96 1
Klaas’s Cuckoo (Chrysococcyx klaas) 2 0 NA
Barred Long-tailed Cuckoo (Cercococcyx montanus) 96 4 <0.001
African Olive Pigeon (Columba arquatrix) 43 29 0 1
Eastern Bronze-naped Pigeon (Columba delegorguei) 74 11 <0.001
Lemon Dove (Columba larvata) 32 5 0 0
Crowned Eagle (Stephanoaetus coronatus) 49 62 0 1
African Goshawk (Accipiter tachiro) 21 15 0 1
Mountain Buzzard (Buteo oreophilus) 43 47 1 1
African Wood Owl (Strix woodfordii) 0 4 NA
Bar-tailed Trogon (Apaloderma vittatum) 81 38 <0.001
Crowned Hornbill (Lophoceros alboterminatus) 55 44 0 1
Silvery-cheeked Hornbill (Bycanistes brevis) 94 96 1 1
Green Barbet (Stactolaema olivacea) 49 7 <0.001
Moustached Tinkerbird (Pogoniulus leucomystax) 94 82 0 1
Yellow-rumped Tinkerbird (Pogoniulus bilineatus) 1 7 1 1
Olive Woodpecker (Dendropicos griseocephalus) 11 16 0 1
African Broadbill (Smithornis capensis) 55 4 <0.001
Dark Batis (Batis crypta) 85 80 1 1
Black-fronted Bushshrike (Chlorophoneus nigrifrons) 45 24 0 2
Black-backed Puffback (Dryoscopus cubla) 4 4 NA
Fulleborn’s Boubou (Laniarius fuelleborni) 89 69 0 1
Grey Cuckooshrike (Ceblepyris caesius) 28 35 0 1
Black Cuckooshrike (Campephaga flava) 0 5 NA
Common Square-tailed Drongo (Dicrurus ludwigii) 19 25 0 1
African Paradise Flycatcher (Terpsiphone viridis) 64 2 <0.001
White-tailed Crested Flycatcher (Eiminia albonotata) 96 91 0 1
Shelley’s Greenbul (Arizelocichla masukuensis) 89 85 1 1
Yellow-throated Greenbul (Arizelocichla chlorigula) 62 62 1 1
Stripe-faced Greenbul (Arizelocichla striifacies) 81 42 <0.001
Little Greenbul (Eurillas virens) 53 38 0 1
Placid Greenbul (Phyllastrephus placidus) 68 38 0 0
Yellow-streaked Greenbul (Phyllastrephus flavostriatus) 30 16 0 7
Dark-capped Bulbul (Pycnonotus tricolor) 21 18 1 1
Yellow-throated Woodland Warbler (Phylloscopus ruficapilla) 64 78 0 1
Evergreen Forest Warbler (Bradypterus lopezi) 98 91 0 1
Bar-throated Apalis (Apalis thoracica) 53 31 0 1
White-winged Apalis (Apalis chariessa) 0 4 NA
Black-headed Apalis (Apalis melanocephala) 83 15 <0.001
Chapin’s Apalis (Apalis chapini) 68 40 0 0
Brown-headed Apalis (Apalis alticola) 6 18 0 1
Red-capped Forest Warbler (Artisornis metopias) 91 53 <0.001
Southern Yellow White-eye (Zosterops anderssoni) 64 35 0 0
Pale-breasted llladopsis (llladopsis rufipennis) 2 5 NA
Spot-throat (Modulatrix stictigula) 68 71 1 1
Dapple-throat (Arcanator orostruthus) 2 9 0 1
Waller’s Starling (Onychognathus walleri) 96 73 0 0
Kenrick's Starling (Poeoptera kenricki) 21 13 0 1
Orange Ground Thrush (Geokichla gurneyi) 68 13 <0.001
Abyssinian Thrush (Turdus abyssinicus) 17 27 0 1
African Dusky Flycatcher (Muscicapa adusta) 34 1 1
White-chested Alethe (Chamaetylas fuelleborni) 6 5 1 1
(Continued)
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TABLE 4 | (Continued)

Species Occupancy in wet Occupancy in dry p-Value Corrected
season (%) season (%) p-value
Olive-flanked Ground Robin (Cossypha anomala) 40 9 0 0
Swynnerton’s Robin (Swynnertonia swynnertoni) 19 25 0 1
White-starred Robin (Pogonocichla stellata) 96 4 <0.001
Sharpe’s Akalat (Sheppardia sharpei) 53 35 0 1
Iringa Akalat (Sheppardia lowei) 19 9 0 1
Collared Sunbird (Hedydipna collaris) 15 16 1 1
Amani Sunbird (Hedydlipna pallidigaster) 0 7 NA
Olive Sunbird (Cyanomitra olivacea) 64 67 1 1
Moreau’s Sunbird (Cinnyris moreaui) 72 80 0 1
Rufous-winged Sunbird (Cinnyris rufipennis) 2 5 NA
Variable Sunbird (Cinnyris venustus) 0 22 1 1
Dark-backed Weaver (Ploceus bicolor) 32 27 1 1
Usambara Weaver (Ploceus nicolli) 17 0 1 1
Red-faced Crimsonwing (Cryptospiza reichenovii) 15 33 0 3
Oriole Finch (Linurgus olivaceus) 2 4 NA
Kipengere Seedeater (Crithagra melanochroa) 1 18 0 1

We used generalized linear models (GLM) with a log link function to test for seasonal differences in species-level occupancy (presence-absence observations per day).
The occupancy analyses were conducted using a GLM based on a Bernoulli probability distribution and a logit link function. To ensure sufficient data for each analysis,
we exclude species observed less than 5 days (n = 12). Due to the numerous independent tests, we apply Bonferroni correction on the p-values (i.e., multiplying the
p-values by the number of conducted tests; n = 61). Species showing significant differences in occupancy between the two seasons are highlighted in bold font. NA, not

applicable, due to absence in flocks during the wet season.

We speculate that the scarcity of arthropods in the dry season
challenge insect-eating species and force them to either change
diet, change social behavior, or move away. The vast majority
of the MSFs comprised insectivorous species. These species may
have a clear advantage of joining MSFs where many individuals
moving through the forest increase the chance of flushing insects
(Sridhar et al., 2009). The function of avian mixed-species flocks
in Madagascar has been reported to change function between
seasons from a function of increased foraging efficiency in the
non-breeding period to a function of anti-predator defense in the
breeding period (Hino, 2009). Moreover, some species might not
have an advantage of joining MSFs during the breeding season, as
arthropods are more abundant. A much less pronounced seasonal
difference (dry versus wet season) is seen in Brazil (Maldonado-
Coelho and Marini, 2000), which is probably partly due to the
lower altitude of the forests, hence also a shorter altitudinal
gradient compared to the Ndundulu Mountains.

There are indications from the mist-net results that some
insectivorous understory species regarded as residents changed
behavior between the seasons, for example, Placid Greenbul,
Swynnerton’s Robin Swynnertonia swynnertoni, and Sharpe’s
Akalat Sheppardia sharpie. These ground dwellers are expected
to move more around in the dry season with no indications of
moving out of the study area and were caught most frequently in
the mist-nets in the dry season. Other insectivorous mid-stratum
species were caught more frequently in the wet season, such as
White-tailed Crested Flycatcher and Bar-throated Apalis. Both
species we regard as residents in the study area, and we believe
the reason is that these two mid-stratum species are generally
feeding lower in the wet season, where many species place their
nests close to the ground.

Lemon Dove Columba larvata forages on the ground on fruits.
It shows a pronounced change in mist-net captures, with two in
the dry versus 40 in the wet season. Fruits of some tree species
are more abundant in the wet season (especially toward the last
part of the season). Studies in coastal forests in South Africa
have shown that the species is much more habitat-specific in the
breeding season but abundance was overall the same (David et al.,
2017; Smith et al., 2017). This may apply to our study area as
well; however, there are also indications of seasonal movements
in the Udzungwas (Stuart et al., 1987). The insectivorous Yellow-
throated Woodland Warbler also changes social behavior with a
significantly higher occupancy in the MSFs during the dry season.
The species is abundant from the mid-stratum to the canopy, and
there are hence no significant trends in the mist-netting data and
neither in its general abundance in field observation data.

Seasonal Movements

It is interesting that Moreau (1935) stated in his paper on
the Usamabara that “whether Forest or non-forest birds are
considered, there appears to be practically no seasonal movement
up and down the mountains.” New evidence on movements
have accumulated since (e.g., Burgess and Mlingwa, 2000 and
many other references). Movement out of the montane forest
is unambiguously shown by our mist-net and MSF data as
well as field observations for five insectivorous species (6.3%)
especially confined to the mid-stratum. These species appeared
to leave the montane forest almost entirely, and they include:
Barred long-tailed Cuckoo, African Broadbill, African Paradise
Flycatcher, African Dusky Flycatcher, and White-starred Robin.
White-starred Forest Robin is known to undertake downward
movements on Kilimanjaro (Cordeiro, 1994b) and this species
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and African Dusky Flycatcher and are also known from
South African forests and elsewhere to move to lower altitudes
and African Paradise Flycatcher to be a breeding migrant
(Craig and Hulley, 2019).

While our studies suggest that species leave the montane
forest in the dry season, there are insufficient data/studies
documenting where the birds move to. However, studies in the
Uluguru Mountains have revealed an increase in the abundance
of certain montane forest species in the foothills in the cold
dry season (Werema et al., 2016) and in the foothills of the
Udzungwa Mountains (Stuart et al., 1987). Observations in the
lowlands during the dry season in Kimboza Forest Reserve and
foothills of the Ukingu Mts (a.k.a. Nguru Mts) (LAH fieldwork,
2021) support the presence of many of the above-mentioned
“montane” species. Burgess and Mlingwa (2000) were not able
to tell whether occurrence in, e.g., coastal forests of possible
seasonal migrants was based on a local resident population
or the altitudinal migration from the montane areas of these
species. Our perception of montane-lowland species is constantly
challenged, e.g., with the observation of Swynnerton’s Robin
in the lowlands of East Usambara (Anderson et al., 1997) and
findings of two montane species on Zanzibar island at ca. 35 m
(LAH Fieldwork, 2021).

Our results also indicate that part of the population of certain
other species may undertake seasonal movements between
montane forest habitats and lowland forests. These species
are for example: Bar-tailed Trogon, Stripe-faced Greenbul,
Little Greenbul, Evergreen Forest Warbler Bradypterus lopezi,
Cinnamon Bracken Warbler Bradypterus cinnamomeus, Black-
headed Apalis, Red-capped Forest Warbler, and Orange Ground
Thrush (see also Stuart et al., 1987).

The ground dwellers and insect-eating Cinnamon Bracken
Warbler and Evergreen Forest Warbler were caught most
frequently in the wet season, indicating a movement out of the
area during the dry season. We find support for this from Lemaire
(1989) who reported a regular downward shift of Cinnamon
Bracken Warbler and Evergreen Forest Warbler in Malawi and
the latter also by Cordeiro (1994a) for Tanzania.

The Brown-headed Apalis, a canopy species in the MSFs in
the study area, was attending the MSFs significantly more during
the dry season (see Table 2). In combination, our data indicate
that there are considerably fewer individuals present in the forest
during the wet season. Therefore, it seems that the majority
of Brown-headed Apalis leave the forest presumably to breed
somewhere else. No source we have been able to find seems to
mention this species as anything but a “resident species” (e.g.,
Urban et al., 1997; Dowsett-Lemaire and Dowsett, 2006) (the
latter reference as A. cinerea).

Other species may undertake movements within the montane
forest and move down in altitude in the dry season. The
field data does not indicate movements out of the study
area of Yellow-throated Greenbul in the dry season. However,
unpublished data by LAH show a seasonal change in relative
abundance at certain altitudes within the altitudinal span of
the study area. Within the complex of the Mountain Greenbul
Lemaire (1989) and Dowsett-Lemaire and Dowsett (2006) did
report “Eastern Mountain Greenbul Andropadus nigriceps” (now

known as Black-browed Greenbul Arizelocichla fusciceps) to
undertake a regular downward shift in Malawi, and Stuart
et al. (1993) reported it to undertake altitudinal movements in
the Ulugurus Mountains and small vertical seasonal migrations
in the Usambaras.

A Conservation and Evolutionary

Perspective

The continuous fragmentation of forests in East Africa, including
the Udzungwa Mountains may, in connection with accelerating
climate change have severe consequences for these tropical bird
communities (see also Root et al., 2003; Williams and Middleton,
2008; Willig and Presley, 2016; Santillan et al, 2018). The
only hypothetical escape for some species may be to move to
higher elevations. There are few data to suggest that they do.
Yet, the greatest loss of species from climate disruption may
be for tropical montane species (Araujo and Rahbek, 2006;
Peh, 2007; Forero-Medina et al., 2011). The seasonal dynamics
of these bird communities demonstrate the need to take the
full habitat requirements of all species into account in future
conservation planning.

This study further sheds light on some of the larger patterns
in relation to seasonal changes in East African montane forests
exemplified by the montane bird community. The harshness of
the long cold dry season can be seen as an evolutionary bottleneck
for many species (see Williams and Middleton, 2008 for an
Australian case). A marked seasonal variation in climate seems
likely to favor species that can adapt to the different food supplies
over the year. Other studies show that insectivorous species in
MSFs are the most vulnerable to habitat fragmentation and/or
destruction (Cordeiro et al., 2015). In a study in Kenya, Mulwa
et al. (2012) concluded that bird communities strongly respond
to seasonal fluctuations in resource availability, but responses
differ between feeding guilds. While frugivorous birds seem to
respond flexibly to seasonal fluctuations, for instance, by having
the ability to track down fruit resources across habitat boundaries,
insectivorous birds appear to be more susceptible to the increase
in seasonal fluctuations in resource availability.

Several of the more common species are evolutionary
generalists, capable of responding to different seasonal climates
and feeding opportunities by a flexible behavior and ability to
change diet. This behavior is exemplified by the greenbuls in
this study (all abundant at certain altitudes), as some of these
do both change their diet and feeding behavior and undertake
partial movements. Another strategy is to “stay” in the montane
forest and participate in MSFs, especially in the cold dry season,
where we document a higher number of species and individuals
to optimize feeding opportunities (see also Brown, 2014). In
contrast, high precipitation in the high Andes seems to impose
important constraints on birds (Santillan et al., 2018). Diet
specialists may be more vulnerable as they cannot shift to
another food source and therefore suffer to a greater deal when
major habitat and climate changes occur (see also Dulle et al.,
2016). There is, however, little doubt that the dry season in
East Africa is challenging for many montane forest organisms,
including insect-eating birds and their prey. A number of
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different evolutionary strategies have come into force to adapt
to and survive this season, as demonstrated in this paper, and it
may be a bottleneck reinforced in future by the increasing effects
of climate change.
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