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This paper is dedicated to future Tropical Biology Association (TBA) students, who we hope will
expand and refine the Kirindy pollination web.

Abstrac—Tropical dry deciduous forest is an endangered ecosystem whose plant-pollinator
relationships are little known. We characterised a portion of the web of interactions between flowering
plants and flower visitors in the Kirindy Forest of the Menabe region of west-central Madagascar. Taking a
plant-centered approach, we observed individuals of the S most abundant native plant species that were
coming into flower at the end of the annual dry season, and recorded all identifiable flower-visitors. Taking
a visitor-centered approach, we walked a network of established trails and listened for distinctive calls of a
common flower-visiting bird, noting the plant species visited. The former approach revealed connections
among the early-flowering species via birds and insects, whereas the latter confirmed these connections and
added an additional plant species. Flowers of the 6 plant species were visited on average by 5.5 animal
species, while 10 visitor species for which we had reasonable samples frequented on average the flowers of
3.3 plant species. These qualitative results resemble those reported from other temperate and tropical webs,
in that interactions appeared to be relatively generalised by pollinator species and body plan (e.g., birds vs.
bees). Also in agreement, the visitation web was significantly nested, with more-specialised species tending
to interact with mutualistic partners that were themselves more generalised. In addition to documenting
previously-unreported interactions, therefore, this preliminary web conforms to more widespread patterns
emerging for pollination systems at the community level.
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INTRODUCTION generalists and a few highly-generalised species (Jordano et
al. 2003; Véizquez et al. 2009). Furthermore, more-

Studies of the mutualistic interaction between flowering specialised species tend to interact with subsets of the

plants and animal pollinators at the level of entire mutualistic partners with which their more-generalised

brethren interact; that is, the webs are nested (Petanidou and
1923; Robertson 1929; Moldenke 1975), but recent Ellis 1996; Bascompte et al. 2003). The implication of this

advances in computational power and multivariate analyses

communities have a long history (e.g. Clements and Long

> X last pattern is that specialists usually interact with
have reinvigorated this approach. The newer methods

allowed Memmott (1999) to visualise the first flower-
visitation web (or network) for an entire ecological

generalists, in contrast to a more classical expectation in
pollination ecology that specialist visitors will interact with

) i /) oot specialist flowers, and generalists with generalists.
community, following an earlier investigation of fragments

of such webs by Jordano (1987) and a prescient verbal In spite of the efflorescence of studies on flower-
description of an entire web by Petanidou and Ellis (1996). visitation webs, including those that estimate the relative

importance of different visitors as pollinators (ie.,

In the decade since Memmott’s paper, many additional pollination webs in the true sense; see e.g. Alarcén 2009),

flower-visitation webs have appeared for temperate and more empirical work is welcome, especially for relatively

tropical  communities, along with analysis of their unstudied community types. Here we present a portion of a

properties. In general, these and other mutualistic ecological flower-visitation web from a tropical dry forest in west-

webs contain both specialists and generalists, and the central Madagascar, coinciding with the end of the annual

frequency distribution of the degree of generalisation is dry season and the very beginning of flowering of the first
trees and lianas. We adopted both a plant-centered

approach, in which we observed individuals of native plant

long-tailed, with many relative specialists and moderate

) species that were in early flower, and a visitor-centered
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approach, focused on a common flower-visiting bird. These
complementary approaches suggest a pollination web that
resembles those for other systems, with moderate average
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generalisation on the part of both plants and flower visitors,
and with significant nestedness.

STUDY SITE AND METHODS

We worked in the Kirindy Forest (20° 03" S, 44° 39’
E), ca. 60 km northeast of the city of Morondava in the
Menabe region of west-central Madagascar. Kirindy is a
12,000 ha,
comprising one of the few remaining fragments of a forest
type
Madagascar, and that is endangered worldwide (Dufils
2003). Kirindy is managed by the Centre National de
Formation, d’Etudes et de Recherche en Environement et
Forestiere (CNFEREF) of the Malagasy government.
CNFEREF maintains a small field station in the forest that
served as our base.

tropical dry deciduous forest of some

that was far more widespread ancestrally on

Plant-based sampling

In early November 2009 we accumulated 60 person-
hours of observation of S plant species (Tab. 1), choosing
individuals that grew within I km of the Kirindy field
station. By walking trails in the forest within 2 km of the
station we estimated that fewer than 10 species were
beginning to flower at this time, as the end of the dry season
grew near (first rain fell in Kirindy only on 21 November,
almost 2 weeks after this study). The S species chosen were
the most abundant and profusely flowering of these. Pairs of
observers watched each species from 0600-0700 hr, 0800-
0900 hr, and 1600-1700 hr on 8 November and from
0700-0800 hr on 9 November, using binoculars as needed.
Flower visitors were identified to the lowest taxonomic level
possible. Because flowers were borne at up to more than 10
m above the ground it was impractical in most cases to
collect either flowers or visitors for closer examination; nor
are reference collections or published taxonomic resources
readily available at Kirindy (or in Madagascar more
generally) for most animal groups.

An additional trio of observers simultaneously watched
a treelet into which an individual of each of two liana
species, Combretum coccinea and Adenia olaboensis, had
climbed. This allowed them to compare flower preferences
of 2 species of small native birds, common jerys (/Neomixis
tenell2) and souimanga sunbirds (Nectarinia souimanga),
which were frequent (but not the only, see Results) visitors
of both plant species. Because no more than one bird visited
at any time, and the birds were easy to follow as they
foraged, there was no difficulty in determining that choices
of flowers were being made by the same individual at any
given time.

Visitor-based sampling

We also accumulated 20 person-hours of observation of
flower visitors at the same time as the plant-based sampling
just described. One pair and one trio of observers slowly
walked separate trails within 2 km of the Kirindy field
station. They listened for distinctive contact notes and
alarm calls of souimanga sunbirds, which carried well in the
largely-leafless forest and were loud enough for a trained ear
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to discern and to follow so as to discover what flowers an
individual was visiting.

Analysis

We characterised the qualitative visitation web derived
from our observations in terms of basic network statistics,
and obtained a measure of nestedness with the
ANINHADO  program (http:/ / www.guimaraes.bio.br/
softwares.html; Guimaries and Guimardes 2006). This
program calculates a “Temperature” (T) statistic ranging
from 0° for a perfectly-nested matrix to 100° for a
randomly-organised one. With perfect nesting the most
generalised plant and pollinator species have links with all
possible partner species in the community, and each
successively more specialised species interacts with a proper
subset of the partners of more generalised species. As a
result, the partner of a species with only one partner will
itself be the most generalised species (see Bascompte et al.
2003, Lewinsohn et al. 2000). The statistical significance of
T is derived by a Monte Carlo procedure that generates
10,000 random matrices and their T values to compare with
the actual T value. We used the CE null model, which
limits the probability of observing an interaction between
plants and pollinators as a function of their degree of
specialisation (Bascompte et al. 2003; Guimardes and
Guimardes 2006). We also followed Bascompte et al.
(2003) in converting T to the Nestedness index N (N=
(IOO—T)/ 100), which ranges from O, when the network is
randomly organised, to I, when it is perfectly nested.

RESULTS
Qualitative visitation web

Our sampling yields a qualitative web that includes 10
bird and insect species visiting 6 plant species (Tab. 2). In
addition to the S focal plant species, visitor-based sampling
revealed souimanga sunbirds at the canopy tree Hildegardia
erythrosiphon (Malvaceae), of which we found 3 individuals
in flower within 2 km of the field station. With the
exception of this last species, whose flowers are stiff red
tubes ca. 20mm long, formed of fused sepals, with sex parts
exserted ca. ISmm further, the flowers of the other species
(Tab. 1) are relatively inconspicuous. Most flower visitors
were clearly collecting either nectar or pollen. The common
jery, usually described as insectivorous (although also as
searching inside flowers for insects; Langrand 1990),
appeared to visit older inflorescences of A/bizia to hunt for
insects. However, these small passerine birds were very
distinctly probing younger A/bizia flowers for nectar, and
foraging for nectar at the other species we saw them visiting.

Flowers of the 6 plant species were visited on average by
5.5 animal species (median = 0.5, range = I-7), whereas
the 10 visitor species frequented on average the flowers of
3.3 plant species (median = 4, range = 1-0), for a total of
33 pairwise species interactions. This represents a web
connectance (the percentage of the 60 possible interactions

actually realised) of 55%.
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TABLE I. Characteristics of the five species on which plant-based censuses were focused

Plant Species Family Growth Form Flower description
Miniature pale yellow-green S-merous passion flower; partially
Adenia olaboensis Passifloraceae Liana reflexed sepals ca. ISmm long, unfused ‘tube’ of petals ca. I0mm
long enclosing sex parts, bisexual
L. L . Pale yellow-green bisexual flowers clustered into heads; corolla ca.
Albizia perrier Leguminosae Tree
8mm; sex parts exserted as brush ca. 15-20mm
Agadizachea indica Meliaceae Tree Small 5-merous star of cream-white petalo@ sepals with c?ntral
corolla tube ca. 4mm long; sex parts at opening of tube; bisexual
Berchemia discolor R hamnaceae Tree Tiny greenish open S—Fnerous flower ca. 7mm across; bisexual with
ovary half submerged in central nectary disc
Aggregated heads of ca. 10 flowers with green corollas ca. I0mm
Combretum coccinea Combretaceae Liana long; sex parts further exserted as a brush ca. ISmm long; filaments
red
Preferences for Adenia vs. Combretum
Examination of the qualitative web (Tab. 2) Simultaneous observation of intertwined branches of

furthermore indicates a significant degree of nestedness (N
= 0.785, P = 0.018), that is, the tendency for each more
specialised plant or animal species (those associated
respectively with fewer animal or plant partners) to associate
with a subset of those used by more generalised species.

Adenia olaboensis and Combretum coccinea (Fig. 1)
suggested that souimanga sunbirds strongly preferred
Adenia in the morning, and of these 2 species visited only
Combretum in the afternoon. Common jerys exhibited an
even stronger preference for Adensa in the morning, but did
not visit either species at all during afternoon observations.

TABLE 2. The partial qualitative flower visitation web for Kirindy forest at the end of the dry season, 2009. Nectarinia are sunbirds,
Neomixis is the common jery, Xylocopa a carpenter bee, Liotrigona a stingless bee (see Brooks and Michener 1988), Apis the honey bee,
and the remainder are butterflies. The Acraea sp. has clear outer forewing and orange inner wings with black patches; the Danard butterfly
is likely Danaus chrysippus. Small insects that could not be identified more precisely were ignored of necessity, as we had no way to match

them across plant species. The canopy tree Hildegardia erythrosiphon (Malvaceae) appears in the plant column, as visitor-based sampling

detected visits by souimanga sunbirds.

PLANT VISITOR
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Adenia X X X X X X 7
Berchemia X X X X X X X 7
Combretum X X X X X X X 7
Azadirachta X X X X X X 6
Albizia X X X X X 5
Hildegardia X I
TOTAL 6 S S 4 4 4 2 1 1 1 33

phenology, extending the sample spatially or temporally will
DISCUSSION

Any empirical web is in one important sense a fragment
of the entire interaction web. Because there is turnover of
species in space, and turnover in time due to seasonal

inevitably expand the web (e.g. Medan et al. 2006) and
make difficult the definition of “entire”. In this context, the
qualitative web reported here contains by our estimate more
than half the plant species in flower close to the Kirindy
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field station at the time of sampling, and more specifically
those that were most common or were flowering most
profusely. Thus we probably succeeded in our aim of
sampling the majority of floral resources available locally at
the end of the dry season.
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FIG.I. Preferences of souimanga sunbirds (top) and common
jerys (bottom) visiting intertwined branches bearing flowers of
Adenia olaboensis and Combretum coccinea at different times of
day on 8 November 2009. Jerys visited no flowers on these plants
between 1600 and 1700 hours.

To be sure, our preliminary web still is a fragment of
the entire web, insofar as it ignores some species that were
beginning to flower but that we did not detect in walking
trails, and a number of insect visitors to flowers that we
could not identify (and indeed whose identity often may be
unknown even if they were in the hand). Furthermore, we
were unable to measure the value of visitors in transporting
pollen. In contrast, published webs are increasingly
appearing that are more complete and that include estimates
of relative value of visitors as pollinators (i.e., quantitative
rather than qualitative webs; see for example Alarcén et al.
2008; Kaiser-Bunbury et al. 2009), and that recognise the
potential for the network to change through time and space
(e.g. Petanidou et al. 2008; Alarcén et al. 2008).
Nonetheless, the information presented here is of value,
because of the extreme paucity of knowledge about this
tropical dry forest (and others). Thus we will proceed to
compare our results with those from other qualitative
studies, noting appropriate caveats.
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The most striking result is the relative generalisation of
both plants and flower visitors: species at both trophic levels
tended to interact with multiple species at the other level,
representing more than a single morphological type
(compare to Ratsirarson and Silander 2003). The values for
mean visitor species per flower and for floral diet breadth
per visitor seem to be in keeping with those from other
published pollination webs of small to moderate size.
Jordano (1987) gives means of 4.1 visitor species per plant
species and 5.3 plant species per visitor species from
fragments of pollination webs, similar to our means of 5.5
and 3.3 (albeit his values apparently were taken from studies
with either plant-centered focus or animal-centered focus,
rather than both). In a larger and more complete web
derived from Clements and Long (1923; see Waser et al.
1996), flowers of 94 plant species were visited by a mean of
9.8 animal species, not quite twice the Kirindy value,
whereas the 268 animal species visited a mean of 3.3 plant
species, identical to the Kirindy value. Connectance (C) of
55% in the Kirindy web may at first seem surprisingly high,
but estimates of C have been shown to be inversely related
to species number in empirical webs. Jordano (1987)
derived the formula C = 0.4994 exp [-0.017S] for
pollination webs, where S is the combined number of plant
and pollinator species. This yields a predicted connectance
of 38% for S = 16, as in the Kirindy web. Thus the actual
connectance we estimated appears to be slightly but not
grossly above values for other webs of similar size.

Relative generalisation in Kirindy on the side of both
plants and pollinators may be understandable in mechanistic
terms. From the plant perspective, the common presentation
of an exserted “brush” of sex parts by flowers in this part of
the Kirindy flora should increase the chances that a diversity
of visitors will transfer pollen, i, that they are true
pollinators (see Stiles 1981; Sazima et al. 1999). From the
animal side, brush flowers and relatively short corolla tubes
may increase the chances that pollen or nectar are accessible,
ie, that flowers are rewarding and thus worth visiting.
Although we could not determine whether individual birds
or insects included multiple plant species in their foraging
itineraries, except in the case of individual souimanga
sunbirds and jerys that visited the intertwined patch of
Combretum and Adenia flowers, this seems likely in general
from the perspective of foraging efficiency. Generalisation
on the part of visitors certainly makes sense in a system in
which flowers are relatively scattered (see Pyke 1984;
Chittka et al. 1999), as is true for this season in Kirindy.
Furthermore, expanding the sample in space or time would
probably increase the estimate of mean generalisation, along
with increasing the size of the “complete” web (Waser et al.

1996).
The Kirindy nestedness value of N = 0.785 resembles

those in other recently-reported pollination webs. For
example, Bascompte et al. (2003) report a mean * SE of

0.837 £ 0.029 from 29 pollination webs, with a range of
0.594-0.975. To be sure, apparent nestedness might derive
in part from an incomplete sample. In other words, species
that were not observed systematically (such as Hildegardia
among the plants) logically will reveal only a subset of their
interactions, relative

leading to an impression of
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specialisation; and if (as with Hildegardia) they are included
precisely because of a tie to the rest of the web (here
through souimanga sunbirds), the apparent specialisation
will necessarily appear nested. On the other hand, estimates
of nestedness have been shown to be fairly insensitive to
sampling biases (Nielsen and Bascompte 2007). And there
are real biological causes of nestedness. For example Stang et
al (2007) explore how nestedness derives from simple
considerations such as the morphological match of flower
and pollinator and the relative abundances of species. In
summary, and as with other Kirindy metrics, nestedness
appears to resemble values from other webs, lending
confidence that the estimate is robust.

Finally, the preference of souimanga sunbirds and
common jerys for Adenia relative to Combretum tlowers in
the morning suggests superior nectar reward of the former
flowers at that time. Adensa flowers appeared to change
shape in the afternoon, with sepals no longer strongly
reflexed, perhaps indicating senescence, at which time
sunbirds preferred Combretum. Because we were unable to
gain access to flowers, however, we could not characterise
their individual phenologies or nectar rewards. All plants
that we watched had finished flowering by November IS,

six days after our last observations.
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