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Estimating bird densities  

in an Afromontane forest, Mazumbai, Tanzania. 

By Jørgen Rabøl and Danna Borg, jrabol@bio.ku.dk , 1995 

 

This report was written about 1995 and modified slightly during the next few years. 
However – in spite of several requests by Jon Fjeldså (who was responsible for the 
project) – the report never metamorphosed into a scientific paper. Part of the explanation 
is that JR was too ambitious about including a general hypothesis about species 
abundance patterns of forest bird communities. Another explanation is that JR changed 
his interest and investment of time back into his old field of bird migration and 
orientation. 
 
This report is intended to be the first in a series of territory mappings carried out by the 
author(s) in laurel forest on La Gomera, Canary islands and on Madeira, and in three 
bushveld areas in Southafrica. Finally, comparisons will be carried out with territory 
mappings in other areas of the world ending up with a general theory on patterns and 
processes. 
 
 
Introduction 
 
Few thorough, quantitative investigations of population densities in terrestrial bird 
communities have been carried out in the tropics (Karr 1971 and 1976, Pearson 1977, 
Bell 1982, Brosset 1990, Terborgh et al. 1990, Moyer 1993). Therefore, comparisons 
between different tropical regions, or between the tropic and temperate zones are almost 
lacking, and such comparisons are also difficult because of different methods employed. 
  An important reason for the paucity of tropical investigations is methodological: the 
most exact quantitative method for estimating the densities of resident bird populations is 
spot/territory mapping, which is primarily based on mapping out the singing males. Now 
tropical birds are generally quite, skulking and sing little (compared with the spring 
chorus in Northern temperate forests) and this seems to be an important reason why so 
few people have endeavoured to use/apply the method under tropical conditions (Recker 
1981, Wiens 1989). The method is also very time and man-power consuming compared 
with other methods such as line transect countings, and several months of hard training 
and experience are needed to learn the hundreds of calls and songs necessary for a proper 
spot mapping. 
  In tropical Africa Moyer (1993) claims to be the first and only who carried out a spot 
mapping census - in a 22.5 ha mountain forest plot in Uhafiwa, Udzungwa Mountains, 
Tanzania (see, however, Cody 1983 and Karr 1971). 
 
In a five months period, September - January 1992-93 we visited eight montane forest 
areas in the Eastern Arc Mountains of Tanzania (for a definition, see Lovett 1988, 1993, 
Moyer 1993, see also Fjeldså and Rabøl 1996) with altogether nine weeks spent in 



2 
 

Mazumbai, West Usambara Mountains. In a five week period from the start of December 
we undertook a spot mapping of the breeding birds in a 15 ha. area. This work could be 
considered as a continuation and extension of the work of Simon Stuart. During his 
studies of the bird communities of the Eastern Arc Mountains 1978-1981, Stuart (1983) 
spent long time in Mazumbai and estimated the bird densities by two different methods: 
1) saturation trapping, and 2) line transect counts. Both were transformed to densities, the 
latter by the methods of Järvinen and Vaisanen (1975). 
 
The purpose of the paper is to present our findings from Mazumbai making a comparison 
with the density estimates of Stuart in Mazumbai. Furthermore a comparison with the 
findings of Moyer using the same method of spot/territory mapping at Uhafiwa. 
 
  
Study area 
 
The study area is a 15 ha plot in Mazumbai Forest Reserve, West Usambara Mountains 
about 1 km to the west of the Forest Station (Fig.1). The area is about 400 times 400 
meter and the altitude of the lower point in the NE-corner and the upper point in the SW-
corner is 1645 m and 1790 m, respectively. The northern borderline is close to a stream 
running west-east and in the eastern third of the area a large ravine falls down from south 
towards north. Especially the lower part of this ravine is a more or less tree-less glade 
covered with dense shrubbery or herbs including Impatiens spp., Pteridium aquilinum, 
Dracaena afromontana, Rubus spp., Achyrospermum radicans, and Piper capense. The 
pioneer-tree Neoboutonia macrocalyx was the most significant tree in the glade. 
  About 80% of the 15 ha area is primary forest without any trace of tree felling, i.e. the 
glades are natural. Ocotea usambarensis is the dominant large tree with a diameter (breast 
height) more than 60 cm. Out of a total of 112 large trees selected at random, 67 (60%) 
were Ocotea. Other important large trees were Parinari excelsa, Syzygium guinense, and 
Aningeria adolfi-friederici. Among the mid-canopy trees Zenkerella grotei was locally 
dominant and important for the forest structure. 
  In this primary forest, very few bushes and no real scrubs were found. However, large 
herbaceous patches or even "meadows" of especially Mimulopsis spp., but also Isoglossa 
spp., Achyrospermum radicans, or Piper capense were prominent. All these species 
resemble each other with opposite leaves and swollen nodes, but a clear trend from the 
herbaceous Mimulopsis to the tree-like Piper was obvious. In some areas also the 
succulent herb-bush Dracaena afromontana were found in scattered or dense patches. 
Seemingly, there was a negative correlation between the density of these herbs and the 
density of small trees. 
 
The counting area (Fig.1) was chosen in such a way that the northern border line was 50 
m beneath an abandoned forest road (more or less overgrown with herbs and small trees) 
running E/W. The western borderline was chosen 50 m west of the straight demarcation 
track between the forest reserve and the state forest. The slightly "meandering" forest 
road was called track A and measured 300 m. 100 m uphill and south of track A and from 
the demarcation track, a track B was established running 300 m east. Further 100 m and 
200 m uphill tracks C and D were established in the same way in parallel to tracks A and 
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B. From point 2 (see below) on the A track (50 m uphill the northern border and 50 inside 
the eastern border) we established the rather straight connection track to the endpoints of 
tracks B, C, and D. This connection track was running mostly on or close to the ridge in 
the area of the gladed valley. We then had a 6 * 300 m track system within an 
approximately 400 m * 400 m quadrate, i.e. no significant parts of the area was more than 
50 m away from a track. On each of the four tracks were marked 7 points separated by 50 
m. Notes were taken on the vegetation within a 12-15 m radius around each of these 28 
track points. The notes were not quantified in the same way as in case of the line transects 
mentioned, except that all large and medium sized trees (HT and MT sensu Rabøl 1987, 
1993) were counted. We estimated the canopy height above each point - or rather the 
highest tree within the 12-15 m radius of observation (contrary to Moyer 1993 who made 
a point measure which sometimes ended up in the sky, i.e. resulted in a canopy height of 
0 m). We also made subjective notes on the complexity/heterogeneity of the vegetation 
structure, the number of horizontal layers, whether the forest floor had much light or 
appeared dark. Furthermore, notes on the specific kind of ground vegetation were taken. 
 
As seen at Fig.2 we distinguished between different vegetation-types. 
 

a: Covers about 39% of the area. It is a rather light-exposed forest, and 
Mimulopsis and to a lesser extent Achyrospermum covers the ground (the mean 
ground cover is 80.5%). The canopy is not normally closed (mean cover 67.1%), 
and mostly several layers of small and medium-sized trees are found. About 86% 
of all the large trees are Ocotea. The height of most large trees was about 40 
meter. 
 
a': Covers about 4% in the lover part of the area. It comes close to a but is more 
light-exposed and the canopy cover is less (mean 53%). Mean ground cover is 
77.7% and a dense rather "scrub-like" cover of Mimulopsis and bushes/small trees 
is found.  
 
a'': The habitat-type (about 12% of the area) above and below track A. In general, 
this is the highest part of the forest with trees up to about 50 meter. Ocotea is not 
so dominant here - about 68% of all the large trees. The ground cover is smaller 
than in a (mean 61.2%), and the canopy cover a little higher (mean 69.7%). This 
forest-type is very heterogenous and varying from site to site. More patches with 
open litter-ground than in a. The fern-tree Cyathea spp. is common in some areas. 
 
b: About 7% of the area. Here the forest is dominated by small and especially 
medium-sized trees (height below 20 m), but also fairly many large trees. The 
canopy cover is high (mean 75.6%). Zenkerella is the dominant small tree. A 
prominent feature is the many vine-tangles. The bottom of the forest is rather 
dark/shady, and the herb cover low and scattered (mean 45.6% - mostly Dracaena, 
Isoglossa, and Mimulopsis). 
 
b': About 8% of the area. As b but larger and denser patches of Dracaena and less 
smaller trees. Ground and canopy cover as b. 
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b'': About 2.5% of the area. A more luxuriant border- or valley-type of forest with 
several canopy-layers: Zenkerella and Grumelia form the lower, then Maesa 
follows, and the upper level is Aningeria/Parinari. The ground cover is dense, 
mostly Achyrospermum/Isoglossa, in the lower part Impatiens. 
 
c: About 9% of the area. Essentially a but "dotted" with small, often rather dark 
glades - mostly monocultures of Achyrospermum (or Mimulopsis/Piper). The 
large glade on track D covers about 1.5% of the total area. 
 
d: Covers almost 3% of the total area, and is a high (40-50 meter) and dark forest 
of the a-type. However, the canopy cover is closed, and small trees are almost 
lacking. The ground cover is a 3 meter high Achyrospermum-monoculture. 
 
e: A light open glade above track C - with some large pioneer-trees (mostly 
Neoboutonia). Much high herbs in the ground - mostly Impatiens.  
 
f: A very light open glade around track B and in the lower NE-corner - which 
together with e covers about 10% of the total area. A few Neoboutonia-trees 
otherwise rather low ground cover, mostly Pteridium, Piper, Impatiens, and 
"Nepeta".  
 
f': Glade but with more trees and bushes than f, scrubby areas with Piper, Rubus, 
and Dracaena. Much Impatiens. Fairly many small Neoboutonia and vine-tangle.  
 
h: Shrubbery and low "forest". Dracaena, Piper, much vine-tangles. Sort of 
transition between f' and b. Together with f' this habitat-type covers 6% of the 
total area. 

 
 
20 transects of 2 m * 50 m were placed at random within the forested area (i.e.not in the 
major glades or scrubberies such as habitat-types c, e, f, f,, or h). Within this area of 2000 
m² all trees above 1 cm in breast-height the diameter were measured to the nearest cm 
and the densities (number of trees) and dominance (summed square area) in different size 
groups are presented in Tab.1. 5 points separated by 10 m were placed out on the transect 
and within a radius of 5 m the following parameters were noted: a) per cent canopy 
cover, b) per cent ground cover (Tab.2), and c) the dominant species of herbs/bushes (up 
to three species per point (Tab.3)). This procedure is close to - in fact inspired by - Moyer 
(1993). Moyer also included the parameters canopy height and leaf litter. These were not 
measured on every point at Mazumbai (but see above), but certainly Moyers forest at 
Uhafiwa was lower with more leaf litter than the Mazumbai forest. 
  Moyer (1993) counted 2580 trees per hectare at Uhafiwa, whereas the Mazumbai figure 
was 1690 trees per hectare (Tab.1). The relative densities were were higher at Mazumbai 
in the groups 4-6 cm and above 50 cm, and the dominance (expressed in square cm) is 
much higher in above 50 cm group at Mazumbai (82.1% compared with 26.8% at 
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Uhafiwa). As the latter forest is a low, secondary forest these differences are not 
surprising. 
 
We also investigated quantitatively for differences between the two major forest 
types/habitats a + a`+ a`` and b + b` at Mazumbai: On basis of the 70 and 18 transect-
points, respectively (Tab.1), the relative number of small trees (1-3 cm in BH-diameter) 
was significantly higher in the first group (74.5% contra 58.4% of the total number of 
trees), and 0.5 and 0.3 trees per m2, respectively (see also Tab.3). Concerning the other 
groups there were no significant differences. However, considering the track-points in the 
two main forest types, the mean number of HT and MT per point was 5 and 4 (a + a`+ 
a``) and 3 and 6 (b + b`), respectively, and this difference turned out to be significant 
(Chi-square test, 0.01 < P < 0.02). Tab.2 shows the significant differences between the 
two forest types in ground cover, canopy cover, and percentage of large Ocotea-trees. 
Finally, Tab.3 shows the differences in kind and dominance of ground cover between the 
two main forest types.   
 
 
Material and methods 
 
Taxonomy follows Moyer (1993) in case of the same species involved in the samples 
from Uhafiwa and Mazumbai (Table 4), otherwise The Birds of Africa (Brown et al. 
1982, Urban et al. 1986, Fry et al. 1988, and Keith et al. 1992), or Birds of East Africa 
(Britton 1980) for species not yet covered by The Birds of Africa. 
  Familiarisation with voices etc. took place in montane rain forests for three months prior 
to the spot mapping. This was aided greatly by listening to the excellent tape of Svendsen 
and Hansen (1992). Except the pigeons and owls we also mist-netted birds in areas where 
their songs or calls were registered. On this background only very few songs/calls may 
have been ascribed to wrong species, and probably almost no species has been missed. 
 
The spot mapping was initiated on 3 Dec. 1992 at track A, and until 6 Jan. 1993 13, 17, 
17, and 13 walkings were carried out on tracks A, B, C, and D, respectively. 8, 10, 11, 
and 8 of these (in the order stated) was carried out as line transects with a walking speed 
of 700 to 1000 m per hour totalling 23.1 hours. The total time used recording birds was 
38 hours, which is slightly less than Moyers 45.7 hours. On almost every morning the 
observations started well before dawn a few minutes after the first bird - usually the 
White-chested Alethe - started singing. Normally we counted on two tracks every 
morning. All observations were plotted on a map with a 50 m grid, and we distinguished 
between birds sighted or heard. More than 90% of all registrations were of stationary, 
singing birds, which indicate breeding territories. Apparently, the songs of all birds could 
be recorded out to 50 m - at least when inspecting the spot maps no tendency for 
clustering along the tracks were found. 
 
Ringing provided an important supplementary method for assessing the number of birds 
within the area for some of the more silent/cryptical species uch as Shelley`s Greenbul, 
Northern Olive Trush, Forest Batis, Red-faced Crinsonwing, and Oriole Finch. Ringing 
of birds were carried out with 10 mist nets (90 net-meter) on each track starting on track 
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A 2-4 Dec. and ending on track D 22-24 Dec., i.e. each track were covered by fairly 
equally spaced nets for 3 mornings (starting at sunrise) for about 5 hours per day. 19 
species and 161 individuals were ringed (Tab.5). 
 
A new method - designated max-line in Tab.5 - was developed. This method could be 
used in retrospect by people who not carried out spot-mapping but performed 
several/many countings on the same line transect. The max-line method came out a by-
product of the spot-mapping procedure: the larger part of the spot-mapping was carried 
out on a base of line transects on tracks A, B, C, and D. In case of stationary, singing 
males it appeared that the sum of the maximum numbers scored on each track 
investigated many times approximated the number of territories/pairs estimated by the 
spot-mapping method - even in species which were not often singing, i.e. where the pro-
bability of registration in a single passage of the single individual is rather low say 0.3 - 
0.4. A constructed example should help to understand the logic. During eight countings 
the number of singing (say) Tiny Greenbuls were (max-number underlined): A: 1, 2, 0, 2, 
2, 3, 1, 3. B: 3, 2, 4, 3, 1, 2, 3, 1. C: 0, 1, 1, 2, 0, 2, 1, 0. D: 3, 3, 2, 1, 2, 3, 2, 1. The sum 
of the max-numbers is 3+4+2+3 = 12.  
 
 
Results 
 
Tab.4 gives the estimated number of species (S) and the densities (ni and N) of 
pairs/territories per 100 ha. at both Mazumbai and at Uhafiwa, Udzungwa Mountains 
(Moyer 1993). 
  The number of species is higher at Uhafiwa - also if allowance for the larger area (22.5 
contra 15 ha.) is made through rarefaction (Magurran 1988). If the observed total density 
of 385 pairs at Uhafiwa is cut down to 257 (corresponding to the expected number in an 
area of 15 ha.) S goes down with about 3 species to 53 - which still is higher than the 47 
species at Mazumbai. Anyway, clearly Uhafiwa has the highest species diversity - which 
is also shown by the Simpson- and Shannon indices of diversity. At Mazumbai D = 24.06 
(ED = 0.52), and H = 3.42 (EH = 0.89). At Uhafiwa D = 29.38 (ED) = 0.52, and H = 3.66 
(EH = 0.91). 
  The high total density, N at Mazumbai (2458 pairs/territories per 100 ha.) clearly 
exceeds Uhafiwa (1710 pairs) - and the difference is highly significant (P << 0.001. Chi-
square test). 
  
If spot-mapping is used as the base of the density estimates - and if these estimates are 
supposed to reflect the true densities - then the realibility of other methods could be 
tested against the spot-mapping method. 
  Tab.5 informs about the number of pairs/territories estimated by means of spot-mapping 
in 26 species (first column). 
  The next column - Max-line - shows the number of pairs/territories estimated by means 
of the sum of the maximum numbers of singing birds per track (see Material and 
methods). Most numbers come close to the numbers estimated by the spot-mapping 
method - with some notable exceptions such as Shelley`s Greenbul, which "sings" very 
little. 



7 
 

  The third column of Tab.5 - x-line - shows the sum of the mean values of the number of 
birds counted on tracks A+B+C+D, i.e. rests on the same material as the Max-line 
ciphers. Clearly, the mean values heavily underscore the (suppposed) true densities 
(based on the spot-mapping). If the numbers in this third column is divided by the 
corresponding numbers in the first column an estimate is obtained of the probability of 
registration of a singing male/pair/territory. The median probability for all species is 0.31. 
  The two columns Ring-S and Line-S give the density estimates in the very same/close 
by area of Stuart (1983): Very often the saturation trapping of Stuart (Ring-S) gives a 
close fit (especially in the greenbuls and the chats), whereas in the flycatchers and 
warblers it mostly underestimates. On the other hand, Line-S estimates seem to be 
bad/unprecise: The line transect mean values lead to a serious underestimation which 
then is multiplied with a noisy overestimation (the correction factor based on the 
supposition of a negative exponential decay of registration probability (Järvinen and 
Vaisanen 1975)). Therefore, the product ends up as highly unreliable. 
 
Tab.6 show the habitat-preference of 22 species placed on a "gradient" from a- over b-
forest to scrubbery/glade. Tab.7 denote the preference of 22 species (17 of which are also 
included in Tab.6) for the main habitat the rather monotoneous a-forest, or for the 
combined a + a`+ a`` forest types. Few species - in fact only Tiny Greenbul and Shelley`s 
Greenbul seem to have preference for the a-forest. 
 
Fig.3 depicts the distribution of territories in the six species Tiny Greenbul, Yellow-
streaked Greenbul, Sharpe`s Akalat, Red-capped Forest Warbler, Yellow-throated 
Woodland Warbler, and White-tailed Crested Flycatcher. 
 
 
 
Discussion 
 
 
General 
 
When forest bird communities are compared the ideal base should be the unbiased (true) 
species abundance distributions obtained from the same unit of area, say 20 ha. Until now 
there has been no standard area/common area base for forest bird communities studied 
(Terborgh et al. 1990). The areas investigated by spot-mapping varied between 2 ha. and 
2 km2 (Karr 1971,1976, Bell 1982, Brosset 1990) for tropical forest, whereas for 
temperate forests areas mostly have been between 10 and 50 ha., and most commonly 
around 15-20 ha. 
  Furthermore, density estimates are always burdened with errors as the probabilities of 
registration are species- and method-dependent. Furthermore, the species abundance 
distributions are dependent of the size of the area selected: small areas produce fewer 
species, and larger areas more species. 
  Clearly, the simple methods a) trapping/ringing with nets, b) line transect counts, and c) 
timed census counts (Fjeldså and Rabøl 1996) are of very limited - and perhaps 
misleading - value for assessing true densities of the registered bird species: the 
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probability of registration varies too much from species to species. Also the more 
advanced modifications such as the saturation trapping of Stuart (1983) or the corrections 
of Järvinen and Vaisanen (1975) are of limited use. The superiority of 4) the spot-
mapping method (based on many, i.e. at least 8 counts) is that the probability of 
registration approaches 1 in almost all species, i.e. the registered/estimated densities of 
pairs/territories are approaching the true densities. 
 
 
Spot-mapping 
 
Spot-mapping is only useful in a season where the birds recorded are 
territorial/stationary. At Mazumbai in Nov./Dec. 1992 the great majority of birds/species 
seemed just as stationary/territorial as the birds/species in a Danish forest during the 
breeding season. However, if spot-mapping had been carried out in Sep./Oct. at 
Mazumbai - where most birds were moving around in mixed species flocks in the dry 
forest - the approach - and the results - would have been rather meaningless/misleading. 
  Spot-mapping also relies heavily on the correct interpretation of the vocalizations, 
because what is designated and perceived as song is attached a very strong territorial 
significance. Without prior knowledge it is difficult/impossible to know what is a "song" 
and what is a "call". Most of the species have at least 3 to 4 different vocalizations, and 
some of these are contact-calls within the pair/group, and the contemporary registration 
of contact calls of two birds of the same species should of course not be interpreted as the 
song of two territorial males signalling the presence of two different breeding 
pairs/territories. When starting the spot-mapping at Mazumbai we had the sufficient 
knowledge for a distinction between "songs" and "calls" and we feel sure that no 
significant errors in the density estimates arise because of confusion/errors on the 
song/call scene. 
  When using the spot-mapping method the distance between the routes/transects should 
of course not be so far that some species/individuals are under-recorded/overlooked. This 
leads to an under-estimation of the true density. On La Gomera - in Laurus-forest (Rabøl 
unpubl.) - we discovered that the song of the Goldcrest Regulus regulus  could not be 
registered effectively on larger distances than about 30 meter. In the light of such an ex-
perience it seems that the distances between the tracks (up to 200 m) of Terborgh et al. 
(1990, Fig.2) in general are too far: The clustering of the records around the tracks in 
about 4 out of 6 species depicted support this point of view, and perhaps the total density 
is under-estimated by a factor 1.2 to 1.5? At least this could be part of the explanation of 
the surprisingly low total density in the Amazonas rain forest. 
 
 
The max-line method 
 
The max-line method seems appropriate if resting on registration of stationary singing 
males - whereas in case of wandering birds (such as those involved in mixed species 
flocks) the probability for a heavy over-estimation is clearly present. The max-line 
method is based in line transect counts and one has to correct for distance perpendicular 
on the track/line (much in the same way as assumed by Järvinen and Vaisanen 1975). In 
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our case the distance between the roughly parallel tracks was about 100 meter, and spot-
mapping was not often carried out/attempted on greater distances than 50 meter 
(perpendicular to the track). 
  Now, we know that some/a few songs of some species may be registered on longer 
distances than 50 m. It is also clear that some songs of some species may be missed in the 
interval between 30 and 50 m (cf. the notes on the Goldcrest on La Gomera). Obviously 
we have to correct for such clustering near the tracks in order to assess the approximate 
true density. At Mazumbai we experienced such problems with a few species for which 
we used net-trapping as a correcting method (see "Results"). In conclusion the max-line 
method - in combination with a 50 m distance on each side of the counting-track - seems 
appropriate for the large majority of species for assessing the approximate densities. 
  The max-line method is based on countings in sections which in our Mazumbai 
investigation was 300 meter. However, perhaps in general 200 meter is a more 
appropriate choice - because a kind of "trade-off" exists: the longer the section the more 
visits/runs are needed, i.e. for long sections the investigation becomes very time-
consuming for approaching/reaching the "true" density. On the other hand, a short section 
on say 100 meter will lead to many double-registrations, i.e. the same individual will 
often be counted in two adjecent sections on different visits/runs. This may lead to an 
over-estimation of the "true" density. Clearly, the max-line method has to be considered 
and developed in formal/quantitative details. Until now it only rests on intuition, and its 
justification lays in the close fit to the "true" densities (as derived from the spot-mapping 
method). 
  A final point should be that numbers/densities obtained from ringing and line-transects 
may be useful for estimations of the total density of all species, N: if ringing or line-
transects are carried out in an area where density estimates based in spot-mapping are 
also performed, then "true" densities of N could be estimated on the supposition of 
proportionals from other localities where only ringing or line-transects are performed. We 
thus compared series of ringings from mountains forests in Southamerica (B.O. Petersen 
and A. Frölander, pers.comm.) with Eastern Arc Mountains, and based on the first two-
three days of ringing and birds trapped per net-meter-hour N was about 1.7 times higher 
in Eastern Arc Mountains. On base of vocalizations and trappings we also estimated N to 
be at least 1.5 as high in the lower part of the Mazumbai forest (about 1350 to 1500 meter 
altitude) compared with the counting area. 
 
 
The bird communities at Mazumbai and Uhafiwa 
 
The reasons for the higher species diversity at Uhafiwa are probably at least the following 
three: 
  1) Uhafiwa is (in connection with) the largest forest-island in Eastern Arc Mountains - 
and larger areas contains more species (also on the same area as on a smaller "island" - 
though the hypothesis on island biogeography is not so clear on this point). 
  2) Uhafiwa is the - or close to the - primary center of endemism in the Eastern Arc 
Mountains (Fjeldså and Rabøl 1996), and "producer" of such species as Iringa Akalat, 
Olive-flanked Robinchat, Dappled Mountain Robin, Chapin`s Apalis, and White-winged  
Apalis. 
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  3) The slightly lower altitude of Uhafiwa also "produces" more species such as Little 
Greenbul, Swynnerton`s Robin, and Pale-breasted Illadopsis. 
 
Heterogenity - including the mixture of different succession states and habitat-types 
(including man-made forest edges and habitats like the tea-plantations near the 
Mazumbai forest area) - also "produces" higher species diversity. However, Mazumbai 
and Uhafiwa are not easily distinguished/ranked in this respect on a simple scale. 
Uhafiwa is a secondary forest on formerly cultivated area (D.Moyer, pers.comm.), and 
within 1 km of open bushy areas/cultivation. Remnants from the former 
agricultural/miombo-state are species like Cinnamon Bracken Warbler and Black-backed 
Puff-back (which both are also found in the mixed tea/disturbed forest close to but 
outside the counting area at Mazumbai). On the other hand, at Mazumbai species like 
Emerald Cuckoo, Klaas Cuckoo, Green-backed Honeybird, Dusky Flycatcher, Banded 
Green Sunbird, and Thick-billed Seed-eater are also marginal as "true" forest species and 
may be present because of immigration from the surrounding main habitats. 
  The explanation of the higher total density, N at Mazumbai could be a higher, more 
complex and productive forest. Compared with other forest bird communities (such as the 
Amazonas lowland forest, Terborgh et al. (1990) N at Mazumbai seemed very high, and 
this observation is the entrance to the next section. 
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Diameter  Number  Area, square cm  

1-3 cm  852    2677 

4-6 cm  115 (0.37)                   2069 (0.008) 

7-10 cm   62 (0.20)                  2785 (0.0ll) 

11-15 cm   40 (0.13)                  5115 (0.019) 

16-20 cm   24 (0.08)                  5800 (0.022) 

21-30 cm   23 (0.07)                  12047 (0.045) 

31-50 cm   17 (0.06)                  19775 (0.075) 

>50 cm   30 (0.10)                  217970 (0.821) 

 

Table 1: The number of trees and square-area (in breast height) in different tree-diameter groups in 20 

transect on 50 m covering 2000 square meter. The ratios start with trees from diameter 4-6 cm - for 

comparisons with Moyer (1993). 

 

 

   b+b' a+a'+a''    

Ground cover  45.6% 75.3% ** 

Canopy cover  75.6% * 64.9% 

Ocotea large trees  21.7% 79.7% *** 

 

Table 2: The ground and canopy cover estimated on 18 and 70 transect-points, respectively and compared 
with Kolmogorov-Smirnov two-sample test. The last row denote the Ocotea-percentage of all the large 
trees counted on points separated by 50 m in b+b' (23) and a+a'+a'' (74). The difference was investigated by 
means of a 2*2 Chi square test.  
 

Ground cover       b+b',number, ratio a+a'+a'',number,   ratio 

Mimulopsis  1  0.06                  58              0.83 *** 

Achyrospermum  7  0.39                  20   0.29 

Dracaena                   11  0.61 ***                  0   0.00 

Isoglossa   8  0.44 ***                  5   0.07 

Small trees  0  0.00                  17   0.24 * 

 

Table 3: Dominant ground cover in the two major forest habitat/types. in b+b` were counted in 18 points, 
and in a+a`+a`` in 70 points. In each point from 1 to 3 kinds of cover is registered. The differences between 
the 5 categories denoted are P < 0.001, P > 0.05, P < 0.001, P < 0.001, and P < 0.05, respectively (Chi-
square test). 
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Species     Mazumbai   Uhafiwa 
 
African Goshawk Accipiter tachiro    2-3   9 
Little Sparrowhawk Accipiter badius    1-2?   4 
Mountain Buzzard Buteo oreophilus   1   1 
Crowned Eagle Stephanoaetus coronatus   1   1 
Scaly Francolin Francolinus squamatus       + 
Buff-spotted Flufftail Sarothrura elegans      4 
Tambourine Dove Turtur tympanistria   13   46 (*) 
Eastern Bronze-naped Pigeon Columba delegorguei      36 * 
Olive Pigeon Columba arquatrix    5-10?   + 
Lemon Dove Columba larvata       40 * 
Green Pigeon Treron australis    2-5? 
Green Turaco Tauraco persa livingstoni      12 
Hartlaub's Turaco Tauraco hartlaubi    25 
Barred Long-tailed Cuckoo Cercococcyx montanus   11   8 
Emerald Cuckoo Chrysococcyx cupreus   2? 
Klaas` Cuckoo Chrysococcyx klaas    3 
Nduk Eagle Owl Bubo poensis    1? 
African Wood Owl Strix woodfordi   2-5?   10 
African Barred Owlet Glaucidium capense      + 
Bar-tailed Trogon Apaloderma vittatum   66 *   21 
Silvery-cheeked Hornbill Ceratogymna brevis  12   1 
Crowned Hornbill Tockus alboterminatus   2-3?   2 
Green Barbet Stactolaema olivacea   7   21 
Moustached Green Tinkerbird Pogoniulus leucomystax 47   23 
Yellow-rumped Tinkerbird Pogoniulus bilineatus     17 
Green-backed Honeybird Prodotiscus zambesiae  7 
Scaly-throated Honeyguide Indicator variegatus     4 
Olive Woodpecker Dendropicos griseocephalus  10   7 
African Broadbill Smithornis capensis   7    25 
Square-tailed Drongo Dicrurus ludwigii   53 (*)   16 
Black Cuckoo-Shrike Campephaga flava       + 
Grey Cuckoo Shrike Coracina caesia   2    14 
Shelley's Greenbul Andropadus masukuensis  133 *   56 
Stripe-cheeked Greenbul Andropadus milanjensis  167 ***    46 
Mountain Greenbul Andropadus tephrolaemus      + 
Little Greenbul Andropadus virens      148 *** 
Tiny Greenbul Phyllastrephus debilis   180 *** 
Olive Mountain Greenbul Phyllastrephus placidus  53   40 
Yellow-streaked Greenbul Phyllastrephus flavostriatus 60   35 
White-starred Robin Pogonocichla stellata   67   71 
Swynnerton's Robin Swynnertonia swynnertoni     25 * 
Sharpe's Akalat Sheppardia sharpei   67   46 
Iringa Akalat Sheppardia lowei       15 
Olive-flanked Robin Chat Cossypha anomala     15 
White-chested Alethe Alethe fuelleborni   73 (*)   30 
Spot-throat Modulathrix stictigula   147 *   74 
Dappled Mountain Robin Arcanator orostruthus     31 * 
Orange Ground Trush Zoothera gurneyi   47   46 
Northern Olive Trush Turdus abyssinica    23   + 
African Hill Babbler Alcippe abyssinica   13   36 
Pale-breasted Illadopsis Trichastoma rufipennis     18 
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Chapin's Apalis Apalis chapini       16 
White-winged Apalis Apalis chariessa      17 
Black-headed Apalis Apalis melanocephala  87 *   30 
Bar-throated Apalis Apalis thoracica   103 **   31 
Evergreen Forest Warbler Bradypterus mariae  141   143 
Cinnamon Bracken Warbler Bradypterus cinnamomeus     25 *  
Red-capped Forest Warbler Orthotomus metopias  103 (*)   53 
Yellow-throated Woodland Warbler  
Phylloscopus ruficapilla    133 ***   13 
Paradise Flycatcher Tersiphone viridis   23   21 
Forest Batis Batis capensis    10   30 
Dusky Flycatcher Muscicapa adusta   7 
White-tailed Crested Flycatcher Trochocercus albonotatus 147 *   67  
Fülleborn's Black Boubou Laniarius fuelleborni  20   48 
Black-backed Puff-back Dryoscopus cubla  1-2?   14 
Many-colored Bush-shrike Malaconotus multicolor  86 **   16  
Sharpe's Starling Cinnyricinclus leucogaster  5? 
Waller's Chestnut-winged Starling 
Onychognathus walleri    10    + 
Slender-billed Chestnut-winged Starling 
Onycognathus tenuirostris       + 
Kenrick's Starling Peoptera kenricki   5?    + 
Collared Sunbird Anthreptes collaris      14 
Uluguru Violet-backed Sunbird Anthreptes neglectus     + 
Banded Green Sunbird Anthreptes rubritorques  1? 
Eastern Double-collared Sunbird Nectarinia mediocris 97 ***    + 
Olive Sunbird Nectarinia olivacea   70   77 
Yellow White-eye Zosterops stierlingi   53   21 
Dark-backed Weaver Ploceus bicolor   33   20 
Red-faced Crimson-wing Cryptospiza reichenovii  48 **    + 
Oriole Finch Linurgus olivaceus   10 
Thick-billed Seed-eater Serinus burtoni   7 
 
Total number of all pairs, N =   2458 (2488)  1710 
Total number of species, S =    47 (58)   56 (68) 
 
 
 
Table 4: Number of pairs/territories per square kilometre at Mazumbai, West Usambara and at Uhafiwa, 
Udzungwa (Moyer 1993). ? at Mazumbai means that the species is recorded in the area or in forest close to 
the area and the number presented is a crude estimate of the number of pairs which may - at least 
sometimes - breed. + at Uhafiwa means that the species is recorded in the area but possibly does not breed - 
at least not every season. Chi square tests were calculated on the expectation of equal densities in the two 
areas covering 15 ha and 22.5 ha, respectively, and (*), *, **, and *** means P < 0.10, < 0.05, < 0.01, and 
0.001, respectively. The number within brackets includes the uncertain number of species and pairs 
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Species         Map,15ha  Max-line   x-line Ring-R Ring-S  Line-S 
 
B.-t.Trogon 10  8 1.82  0  2.0 
M.G.Tinkerbird  7  5 0.95  0  2.0 
S.-t.Drongo  8 12 3.81  0 
Shelley's G. 20  7 2.17 25 27.2 
Stripe-c.G. 25 25 9.19 11 21.6  9.3 
Tiny Greenbul 27 25 9.71 21 22.5  
Yellow-s.G.  9 12 3.81  2  7.5 
O.M.Greenbul  8  9 2.08  9  9.5 
White-s.Robin 10  9 2.34  9 17.9  6.2 
Sharpe's Akalat  10 10 3.12  7 12.2 
W.-c.Alethe 11  9 2.60  6  8.4 
Spot-throat 22 19 7.28  2 20.7 14.0 
Orange G.Thrush  7  9 2.25  1 
N.Olive Thrush 3(4)  4 5.7 
Black-h.Apalis 13 12 4.94  0   6.6 
Bar-t.Apalis 15(16) 13 3.64  6 0.9 
Everg.F.Warbler 21(22) 14 6.24  0 2.0 11.7 
Red-c.F.Warbler 15(16) 14 5.20 11 0.9  6.0 
Y.-t.W.Warbler 20 17 5.37 20 10.4 13.8 
Par.Flycatcher 3(4)  0.69  1 
Forest Batis  2  0.17  3  7.5 
W.-t.C.Flycat. 22 21 6.85  5  9.5 15.6 
M.-c.B.Shrike 13 10 3.81  0  0.9 
Olive Sunbird 10(11) 14 3.21 11  2.9  5.9 
E.D.C.Sunbird 14(15) 17 5.37  7  4.7 31.8 
Yellow W.-eye  8 13 2.95  0  9.5 
 

Table 5: The first column shows the estimated number of pairs/territories of most species in the 15 ha area 
at Mazumbai. The next column the estimated sum of maximum number of counts on tracks A, B, C, and 
D.x -line shows the mean number of birds counted per 2 hours corresponding to the mean number of birds 
counted during a single covering of the 15 ha area. Ring-R is the number of ringed birds on tracks 
A+B+C+D during a total of 12 days and 5674 net-meter-hours. Ring-S is the density-estimate of Stuart 
(1983, calculated on his assumption of saturation trapping) of the number of pairs/territories in the hot 
(breeding) season - transformed to a 15 ha area (and therefore directly comparable with the numbers in the 
first column). Line-S is the density estimate of Stuart (1983) of the number of territories per 15 ha based on 
mean numbers in line transects in his area (3) - situated near the mapping area of mine - and the negative 
exponential correction of Järvinen and Vaisanen (1975). 
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Habitat a  ab  b  bf  f 

  

SG 
 

TG 
 

(OMG) 

NOT 

 

SA 

BTT 

OGT 

STD 

 

YSG 

(MGT) 

(DBW) 

 

WCF 

MBS 

YWW 

BTA 

 

HT 

BHA 

FBB 

EFW 

 

RFW 

AHB 

 

(EDC) 

 
 
 
 
 
Table 6: The habitat-preference of 22 species. a) is high forest with much ground cover of Mimulopsis, b) 
lower edge/slope forest with less ground cover, mostly Dracaena afromontana, and f) glades (open, or with 
some trees or shrubberies such as Neoboutonia, Pteridium, Impatiens, Rubus, and Dracaena). The 
preference is calculated on basis of observed numbers divided by expected numbers. If no habitat 
preference the expected number in each habitat should be proportional to the area of the habitat. 
Parentheses mean less clear preference. The abbreviations are as follows: AHB African Hill Babbler, BHA 
Black-headed Apalis, BTA Bar-throated Apalis, BTT Bar-tailed Trogon, DBW Dark-backed Weaver, EDC 
Eastern Double-collared Sunbird, EFW Evergreen Forest Warbler, FBB Fülleborn`s Black Boubou, HT 
Hartlaub's Turaco, MBS Many-coloured Bush Shrike, MTG Moustached Green Tinkerbird, NOT Northern 
Olive Trush, OMG Olive Mountain Greenbul, OGT Orange Ground Trush, RFW Red-capped Forest 
Warbler, SA Sharpe`s Akalat, SG Shelley`s Greenbul, STD Square-tailed Drongo, TG Tiny Greenbul, 
WCF White-tailed Crested Flycatcher, YSG Yellow-streaked Greenbul, YWW Yellow-throated Woodland 
Warbler.  
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Species   a preference  a+a`+a``preference 

Afr. Hill Babb.  0   0 

Füll.B.Boubou  0   0 

Y.-s.Greenbul  0.05   0.13 

Sharpe's Akalat  0.05   0.44 

Dark-b.Weaver  0.08   0.06 

Red-c.For.Warbl.  0.26   0.22 

Black-h.Apalis  0.31   0.41 

N.Olive Trush  0.31     0.98 

Paradise Flycat.  0.38   1.04 

Square-t.Drongo  0.44   0.59 

EDC Sunbird  0.51   0.67 

M.Green Tinkerb.  0.54   0.67 

Olive Sunbird  0.62   1.09 

Yellow White-eye  0.64   0.70 

Bar-t.Trogon  0.67   0.89 

Hart.Turaco  0.82   0.76 

White-c.Alethe  0.85   0.96 

Orange G.Trush  0.92   0.89 

Spot-throat  0.97   0.89 

Stripe-c.Greenb.  1.05   1.06 

Shell.Greenbul  1.10   1.46 

Tiny Greenbul  1.49   0.72 

 
Tab.7: The coverage of habitat a is 0.39 of the total area, and the coverage of a+a´+a´´ 0.54. For each 
species denoted is calculated the ratio between number of birds observed in the habitat and the total number 
of birds observed in the total area divided by 0.39 and 0.54, respectively. Ratios above 1.30 signal 
preference, whereas ratios below 0.70 signal “avoidence” of the habitat in consideration. Only Shelley`s 
Greenbul (a+a´+a´´) and Tiny Greenbull (both groupings) seem to have an “active” preference for a (high 
forest with much ground cover of Mimulopsis). Some species – such as N. Olive Trush, Paradise 
Flycatcher, and Olive Sunbird – are complicated as they seemingly avoid a but are neutral or prefer 
a+a´+a´´.  
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