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ARE TROPICAL FRUITS MORE REWARDING TO DISPERSERS THAN
TEMPERATE ONES?

Although studies relating to avian frugivory date back to several decades (e.g.,
Wetmore 1914; Wood 1924; Schuster 1930), evolutionary implications of seed
dispersal by birds have begun to be recognized only recently (Snow 1965, 1971;
Janzen 1970; McKey 1975; Regal 1976). Most field investigations undertaken to
elucidate reciprocal adaptations between plants and their dispersers have been
conducted in tropical habitats (e.g., Snow 1965; Howe and Primack 1975; Foster
1977; Howe 1977; McDiarmid et al. 1977; Howe and Steven 1979; Howe and
Vande Kerckhove 1979, 1980; Howe 1981; Frost 1981). Models and predictions
have been elaborated on the basis of resulting field evidence which relate features
of seed dispersal performed by the birds to aspects of plant fruiting strategy—crop
size, fruiting phenology, fruit quality—(Snow 1965, 1971; McKey 1975; Howe and
Estabrook 1977; Howe 1979). The quality of dispersal has been suggested to bear
an important relationship to the nutritional reward offered by the plant in form of
fruit pulp. Large seeds dispersed by ‘‘specialist’’ avian frugivores are apparently
associated with pulps of high lipid and/or protein content, and this finding, among
others, has been interpreted as evidence supporting close coevolutionary interac-
tions between these large-seeded plants and their efficient, reliable dispersers
(Snow 1970; Snow 1971; McKey 1975; Howe and Estabrook 1977). Most detailed
tropical studies have analyzed systems of that kind (Snow 1962c; Snow 1970,
1972, 1977; Howe and Primack 1975; McDiarmid et al. 1977; Howe 1977; Howe
and Vande Kerckhove 1980; Howe 1981) in which high-reward fruits were in-
volved, while only a few studies deal with less * ‘specialized’’ avian frugivores and
their food plants (Snow 1962a, 1962b; Snow and Snow 1971). The notion may thus
be construed that specialized, rich-fruit-based systems are particularly common in
the tropics, as opposed to temperate habitats where environmental limitations
have perhaps been responsible for the evolution of mostly ‘‘unspecialized,”
poor-fruit-based plant-bird systems (Snow 1971; Morton 1973; Howe and Esta-
brook 1977). Previous studies also appear to suggest that temperate fruits are much
less rewarding to birds than tropical ones (Snow 1971; White 1974).

Several recent studies do not completely support the view that temperate
bird-plant systems are unspecialized, and adaptations for efficient dispersal have
also been demonstrated in these frugivore-poor habitats (Livingston 1972;
Thompson and Willson 1979; Herrera 1981, 1982; Herrera and Jordano 1981). As
nutritional reward contained in fruits has often been considered a variable indica-
tive of coevolutionary properties of plant-bird systems, I will examine in this note
how tropical and temperate fruits compare with regard to this variable. Expe-
cially, I try to show that (1) the potential profitability inherent to a fruit does not
only depend on the quality of its pulp; (2) despite having far richer pulps, tropical
fruits are probably not much more rewarding than temperate ones to birds feeding
on them; and (3) an explanation for the richer pulps associated with large-seeded

Am. Nat. 1981. Vol. 118, pp. 896-907.
© 1981 by The University of Chicago. 0003-0147/81/1806-0009$02.00



NOTES AND COMMENTS 897

tropical fruits may not require the consideration of close coevolution between
plants and dispersers.

In most studies, pulp quality has implicitly been equated with fruit profitability
to the disperser, and the former variable has been the only one dealt with when
analyzing the coevolutionary implications of fruit profitability (e.g., Snow 1962c¢,
1971; Morton 1973; White 1974; Howe and Estabrook 1977). I consider en-
dozoochorous seeds in which the whole fruits are ingested by the disperser and
the seeds are eventually regurgitated or defecated in undamaged condition (Van
der Pijl 1972). The net measurable gain obtained by a disperser after ingesting and
processing a single fruit unit is a certain amount of dry material P (1 — W), where P
is the fresh weight of any nutritive structure accompanying the seeds (e.g.,
pericarp or aril), and W is the percent water content of fresh pulp. In the fruit, this
dry material is diluted by water and useless seed volume. The seeds pass through
the digestive tract (or part of it, in the case of birds that regurgitate seeds) without
providing nutrients, and during their transit time load the bird with extra weight
and occupy a space which could accommodate nutritious material. It is obvious
that seed volume must enter in the calculations of fruit profitability since it impairs
the benefits derived from the pulp. Time of permanence of seeds within the
digestive tract is a further variable affecting the profitability of fruits. Neverthe-
less, while seed volume is a feature inherent to the fruit itself, transit time is to the
disperser involved, since the same fruit may be processed differently by various
disperser species (e.g., Howe 1977; Herrera and Jordano 1981). I will now analyze
fruit characteristics only, and return later to the point of transit time of seeds
through the birds.

A measure of the relative yield RY of a fresh fruit in terms of dry nutritious
material obtainable by the disperser may be described as

P(1-W) _  (1-W)

RY =
P+ n-s 1 + n-s/P

o))

where n = number of seeds per fruit and s = fresh weight of a single seed. RY is a
profitability component indicative of how much dry material will be gained per
weight unit of whole fruit ingested and processed. The overall profitability OP
depends also on the nutritive quality d of the dry material eventually extracted
from the fruit. It may be described by OP = RY - d, where d denotes the relative
richness (on a weight to weight basis) of dry pulp in some valuable substance (e.g.,
fat, protein), and OP is the quantity of such substance which will be recovered by
the disperser after processing a weight unit of fresh fruit. This magnitude repre-
sents an estimate of the maximum amount of nutrients obtainable; actual profit-
ability values will depend in every case on pulp digestibility and assimilative
efficiency of the frugivore (see e.g., Westoby [1974] and Milton [1979] for dis-
cussions of profitability in vertebrate herbivores).

OP is made up of two distinct factors: a ‘‘chemical’’ component d, and a
‘‘design’’ or ‘‘aspect’’ component RY, the latter depending on seed/pulp weight
ratio and water content of fresh pulp. It is then possible to envisage fruits differing
in nutrient quality of pulps but having similar overall profitability owing to concur-
rent variation in RY values.
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Values of RY, d, and OP for bird-dispersed fruits from neotropical habitats were
gathered from the available literature and are listed in table 1. The d was taken as
the relative richness of dry pulp in crude lipid and protein combined, the two
apparently most relevant nutritional components in fruits’ pulps (Snow 1971;
McKey 1975; White 1974). Information necessary to compute RY was available
for 21 species, whereas d values could be gathered for 41 species. Only for 15
species were d and RY figures simultaneously available thus allowing for the
computation of OP. The nontropical area selected for comparison was Andalusia,
in southern Spain, for which RY was obtained for 69 species, d for 56 species, and
OP for 55 species of bird-dispersed plants based on my own unpublished data and
information in Herrera (1982). Southern Spanish data are representative of plants
occupying both lowland and montane mediterranean scrub and woodland
habitats. Resulting figures for Spanish plants are shown in table 2, and the
neotropical-Spanish comparison is presented in table 3.

As expected on the basis of previous comparisons (Snow 1971; White 1974),
tropical fruits have pulps much richer in lipid-plus-protein content (d) than south-
ern Spanish species, but they also differ markedly by having significantly lower
values of ‘‘design’’ profitability (RY). The resulting overall profitability (OP),
however, does not statistically differ between areas. This indicates that although
tropical fruits are mainly d-profitable and temperate ones are predominantly
RY-profitable, both groups of species have similar inherent potential profitabilities
to dispersers in terms of dry weight of lipid-plus-protein obtainable per weight unit
of fresh fruit ingested and processed. This result is not an artifact derived from
many neotropical species having only partial data (table 1), for average d-figures
were similar for species with complete and partial data (28.0% vs. 29.3%,t = 0.2,
P > 4.

Assuming that the selective pressures associated with the coevolutionary pro-
cess involving a plant and its dispersers are able to promote some modifications in
OP-value of fruits, and that in most instances the trend will be one of increasing it
(Herrera 1981; Howe and Vande Kerckhove 1980), then a plant’s response to
these selective pressures may be directed to increasing d, RY, or both (Herrera
1981, unpubl. MS). Variation in these parameters must primarily be limited
by the combined action of three sets of factors relating to (1) seed load per fruit, (2)
geometrical, scaling effects, and (3) fruit size.

Seed load.—Tropical fruits tend to have larger seed loads than temperate ones.
In the sample of species dealt with here, mean dry weight of seeds per fruit (+ 1
SE) for neotropical species in table 1 with available data is 505 = 259 mg (n = 15,
range 6-3,914 mg), while corresponding figures for southern Spanish species in
table 2 are 74 = 101 mg (n = 69, range 3.5-698 mg). These differences are mainly
due to the addition of a set of large-seeded species in the neotropical sample which
is absent from the temperate one. Since large-seeded tropical forest trees have
most likely evolved seed size independently of their relationships with dispersal
agents, seed size thus represents a constraining starting point for the evolution of
fruit architecture (Snow 1971).

Scaling effects.—As it may readily be derived from expression (1) above, for
low values of n-s (fruits with small seed loads), only very slight changes in P



NOTES AND COMMENTS

TABLE 1
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NUTRITIONAL FEATURES OF FRUITS FROM NEOTROPICAL BIRD-DISPERSED PLANTS

Species d* RYT OP: Reference$

Anacardiaceae

Tapirira guianensis .................... 12 1
Apocynaceae

Stemmadenia donnell-smithii ........... 74.9 9.8 7.3 4
Araliaceae

Didvmopanax morototoni .............. 45 2
Boraginaceae

Cordia nitida —......................... 31.9 3
Burseraceae

Dacryodes Sp. ... i 35 I

Protium tenuifolium . .................. 14.6 . .. 3

Tetragastris panamensis ............... 4.8 28.1 1.3 3
Connaraceae

Connarus panamensis —................. 243 7.8 1.9 3

Rourea glabra ........................ 62.2 12.7 7.9 3
Lauraceae

Cinnamomum elongatum .............. 53 s Lo 1

Nectandra salicina .................... 51.8 13.0 6.7 S

Ocotea oblonga ....................... 30 1

Ocotea wachenheimii .................. 48 1

Ocotea canaliculata ................... 42 1
Leguminosae

Schwarzia simplex —................. ... 24.6 3
Loranthaceae

Phoradendron sp. ............... ... ... 58.5 3
Melastomaceae

Miconia sp. .......... ... . 0o 12.0 . . 3

Mouriri parvifolia —..................... 10.0 37.4 3.7 3
Moraceae

Cecropia exima ...........c.ccovvuunen ce 5.8 .. 3

Ficus nitida .......................... 10.9 9.7 1.1 3

FiCHUS SP. v et 12.9 3

FiCUS SP. v \v et 11.6 3
Musaceae

Heliconia mouriri —..................... 49.8 3
Myristicaceae

Virola nobilis ..................cc0.... 18.8 3.0 3

Virola sebifera ........................ 59.3 7.7 8

Virola surinamensis ................... 65.6 9
Myrsinaceae

Ardisia revoluta ....................... 12.9 10.1 1.3 6
Myrtaceae

Eugenia nesiotica ..................... 7.5 9.0 7 3

(Continued)
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TABLE 1 (Continued)

Species d* RY+ OP% Reference$

Ochnaceae

Ouratea lucens ....................... 15.9 8.8 1.4 3
Olacaceae

Heisteria concinna .................... 35.1 ces e 3

Heisteria costaricensis ................. S 8.4
Palmae

Bactris cuesa ... . 0 0 i 52 .. . 1

Chamaedora wendlandiana ............ 30.1 8.2 2.5 3

Jessenia oligocarpa ................... 31 . 1

Morenia caudata ...................... 20.0 5.8 1.2 7

Pinanga kuhlii ........................ . 8.7 3

Roystonea regia ...................... 11 3
Phytolaccaceae

Phytolacca sp. ... 4.3 3
Rubiaceae

Hamelia nodosa ...................... 15.2 3

Faramea occidentalis . ................. 21.4 . 3

Psychotria limonensis —................. .. 8.6 3

Psychotria marginata .................. . 10.3 3
Rutaceae

Stauranthus sp. ... i, 16.7 11.6 1.9 S
Sapindaceae

Paullinia turbacensis .................. 13.1 e S 3
Verbenaceae

Lantana camara ...................... 12.7 A e 3
Zingiberaceae

Renealmia strobilifera ................. e 10.9 ... 3

Unidentified species ................... 19.7 e e 3

* Fat plus protein content of dry pulp (percent).

t “‘Design’’ profitability, as described in expression (1) in the text (percent).

1 Overall profitability as described in the text (percent).

§ 1, Snow (1962c); 2, Snow (1971); 3, White (1974); 4, McDiarmid et al. (1977); 5, Snow (1977); 6,
Foster (1977); 7, Snow (1979); 8, Howe (1981); 9, Howe and Vande Kerckhove (1980).

and/or W are sufficient to alter substantially the design profitability RY of the fruit,
whereas above certain threshold values of seed load, very large changes in P
and/or W would be necessary to promote even slight modifications in the RY value
of the fruit. Similarly, the larger the n-s/P ratio of a fruit, the lower the upper limit
set to RY by scaling effects alone (fig. 1). All else being equal, fruits with large
relative seed loads would most likely tend to modify OP through changes in d,
whereas fruits with small seed loads may change either d or RY (or any combina-
tion) to modify overall profitability. Very simply stated, it appears that fruits with
small seed loads relative to total fruit weight have two alternative ways open to
modify OP (RY- and d-way), whereas fruits with large seed loads have only the
d-way available.

Fruit size.—Once a plant has evolutionarily ‘‘chosen’’ the way of being bird
dispersed, it not only needs to evolve a set of attributes for it (a ‘‘syndrome’’; Van
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TABLE 2

NUTRITIONAL FEATURES OF FRUITS FROM SOUTHERN SPANISH BIRD-DISPERSED PLANTS

901

Species . d RY oP
Anacardiaceae

Pistacia lentiscus . ....... ... iiee e 64.3 28.3 18.2

Pistacia terebinthus .......... .. . .. . iiiieeiiiiinaiiianan 63.2 21.7 13.7
Aquifoliaceae

Hlex aquifolium . ... ... . 7.9 15.2 1.2
Araceae

Arum italicum ... oo 8.8 13.3 1.2
Araliaceae

Hedera helix ... 36.9 18.4 6.8
Berberidaceae

Berberis hispanica ............. ... i 9.4 21.1 2.0
Caprifoliaceae

Lonicera arborea ......... ... i e 5.4 23.1 1.2

Lonicera etrusca ... e 5.8 20.5 1.2

Lonicera implexa ....... ... . . . i 5.2 22.5 1.2

Lonicera periclymenum —................iiiineeieiiinneiiinn. . 16.9 ..

Lonicera splendida —....... ... ... . i 5.0 21.4 1.1

Sambucus ebulus ....... ... e 16.4

Sambucus nigra ...... ... 10.4

Viburnum lantana ........... .. ... iineee i . 16.7 -

Viburnum HRUS ... ..o 25.3 34.7 8.8
Cornaceae

COFNUS SANGUINCA .ot v ittt ettt e e 31.3 21.3 6.7
Cucurbitaceae

Bryonia dioica .......... .. 32.6 12.9 4.2
Cupressaceae

JURIPEruUS COMMUNIS ... 20.5 29.2 6.0

JUNIperus OXYCOdrUS ... oot e 13.0 38.5 5.0

Juniperus phoenicea ............ ... i 19.5 20.2 3.9

JURIPEFUS SADING oo vt e 19.6 30.9 6.1
Dioscoreaceae

Tamus COMMUNLS ... oov ettt e e 7.3 8.1 .6
Empetraceae

Corema album ... ... 8.0 6.6 .5
Ericaceae

Arbutius HNedo ... 6.6 33.2 2.2
Iridaceae

Iris foetidissima ....... ... 00 i 22.4
Lauraceae

Laurus nobilis ... ..o i 60.6 22.9 13.9
Liliaceae

Asparagus acutifolius ........ .. .. . 31.8

Asparagus albus ... ... . 19.5

Asparagus aphyllus ... ... . . S 17.8 ..

Ruscus aculeatus ........... . .iuiiiiiuiniiiiiiiiiniiias 6.4 14.5 9

Ruscus hypophyllum ... ... i Ce. 5.2 ...

Smilax asperda ........ ... e e 7.4 13.1 1.0

(Continued)
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TABLE 2 (Continued)
Species : d RY oP
Loranthaceae
Viscum album . ....... ... e 12.7 19.7 2.5
VISCUM CPUCTATUIM oottt e e ettt ee e e ee i 20.2 21.1 4.3
Myrtaceae
MYFtUs COMMURIS ..o vt 5.7 17.3 1.0
Moraceae
FiCUS CATICA v v v et et et ae ettt eeanns 5.8
Oleaceae
Jasminum fruticans ........... ... . i i i 12.2 16.5 2.0
Ligustrum vulgare ......... .. . .o 9.2 11.0 1.0
Olea europaea var. sylvestris ...............ccooiiiiiiinnnnn 49.8 14.6 7.3
Phillyrea angustifolia —......... ..o it 5.2 16.1 .8
Phillyrea latifolia ............. i 5.5 16.0 .9
Rhamnaceae
Frangula alnus .......... . i o 10.1 e
Rhamnus alaternus . ...........c..eeeiniiiieeiniinniuinennns 7.7 16.7 1.3
Rhamnus lycioides . ............ ...t 6.0 23.4 1.4
Ziziphus [O1US ... .o 3.5 30.6 1.1
Rosaceae
Amelanchier ovalis —.......... ... i 4.4 35.1 1.5
COtOReAster GranAIeNSIS . ............ueuieiieeeneeeneeninenns 9.6 15.2 1.5
Cotonedaster INtegerrimUS ...........ouuveuiieiuneeuneeunennnns .. 17.0 ..
Crataegus laciniata .............c.ccoouiiiiiiiiiniiiiineeens 5.6 19.4 1.1
Crataegus MONOZYMA ... vvuuu it ittt 4.8 25.3 1.2
Prunus mahaleb ......... ... . . .. 6.0 12.8 .8
Prunus proStrat@ . ...........eeueeuieenneennneiineenneineens 8.7 10.8 .9
Prunus ramburii . ........ ... e 4.2 24.2 1.0
Prunus SpIinOSA ........oounin ettt 6.3 16.0 1.0
Rosa sp. (Canina group) ..........c.oeeeiuiiinieirinineeennnn. 7.1 29.0 2.1
ROSA SP. vttt 5.9 27.0 1.6
Rubus ulmifolius ......... ... i e 18.0 ..
SOrbUS Qrict ... e 5.9 37.1 2.2
Sorbus QuUCUPAria .......... ... 6.2 24.8 1.5
Sorbus torminalis . .......... . i e 4.8 38.3 1.8
Rubiaceae
Rubia peregrina .......... ... ..o 15.1 12.1 1.8
Santalaceae
Osyris alba . ... ... . e 6.9 19.6 1.4
Osyris quadripartita ............... it 7.8 9.4 N
Solanaceae
Solanum dulcamara ............ ... i e 11.6
Solanum RIgFUM .. ... e ... 4.3
Taxaceae
Taxus BACCAIA ...ttt et 2.6 20.7 .5
Thymelaeaceae
Daphne gnidium . .......... .. oo e 10.5 9.3 1.0
Daphne laureola .......... ... ... . i 6.7 10.6 7
Ulmaceae
Celtis australis —.......... ... e 4.7 43.7 2.1
Vitaceae
Vitis vinifera ssp. sylvestris .......... ..o, 4.2 20.8 9
NoTeE.—Symbols as in table 1. Nomenclature follows Tutin et al. (1964—-1980).
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TABLE 3

COMPARATIVE SUMMARY OF NUTRITIONAL FEATURES OF FRUITS FROM TROPICAL AND NONTROPICAL
BIRD-DISPERSED PLANTS

d RY OoP

Neotropical species .................. 28.8 + 19.3 12.1 = 7.4 33x27
(41) 2n (15)

Southern Spanish species ............ 13.4 = 14.9 19.9 = 8.5 29+ 36
(56) (69) (55
Student’s 7 ..., 4.39 3.75 .39
df o 95 88 68
P o <.0001 <.001 >.6

NoTeE.—Mean = | SD, number of species entering in the computations in parentheses. Symbols as
in table 1.

der Pijl [1972]), but also has to match external fruit size to the gape width of
available potential dispersers. I would thus hypothesize that the relative position
of the seed size of a plant with respect to the modal class of gape widths in a
habitat would be responsible for the way chosen by the plant to make its fruits
worth feeding without impairing dispersal. In particular, large-seeded species
whose seeds are well to the right of the modal class of gape widths frequency
distribution should tend to keep pericarp thickness to a minimum so as not to
displace external fruit size further from the modal class of gape widths. Never-
theless, the possibilities of pericarp thickness among which the plant may select
probably decrease precipitously when seed size approaches the right-hand tail of
gape-size distribution. Assuming that seed size may not be altered by plant-
disperser interactions, a large-seeded plant may at best not increase fruit size
excessively, but it may never be able to reduce fruit size below individual seed
size. Consequently, large-seeded plants probably cannot allow themselves to add
much pulp to seeds, because the resulting large fruit either would not attract
dispersers of adequate size or would facilitate the detrimental work of fruit thieves
which exploit the pulp and leave the seeds in situ. Tityra semifasciata (Cotin-
gidae), a reliable, ‘specialized’’ frugivore according to Howe (1977), behaves as a
legitimate disperser when it feeds on the arillate seeds of Casearia corymbosa (10
X 9 mm, Howe 1977), but when feeding on Virola surinamensis arillate seeds (20
mm long), it becomes a fruit thief by dropping seeds below the parent tree and
ingesting only the nutritious aril (Howe and Vande Kerckhove 1980). Casearia
trees were visited by as many as 20 species of legitimate avian dispersers, while
the larger-fruited Virola trees attracted only six species. In a temperate habitat,
Herrera and Jordano (1981) have also documented a determinant role of fruit size
to the constitution of the disperser assemblage of Prunus mahaleb. Fruit size is
not, however, the only variable affecting the disperser assemblage of a fruiting
plant. Virola sebifera fruits have far smaller seeds than those of V. surinamensis,
but attract the same species (Howe 1981). The fruits of Tetragastris panamensis,
primarily dispersed by monkeys, attract more birds than V. sebifera or
surinamensis (Howe 1980), in spite of the fact that the arils and seeds are much
larger than those of V. sebifera.
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FiG. 1.—Variation in the ‘‘design’’ profitability RY of fruits with changes in percent water
content of pulp W and the seed/pulp weight ratio ns/P. The graph was obtained by plotting
expression (1) in the text for various RY values. It can be seen that (1) fruits with low ns/P
ratios may potentially become highly RY-profitable even while possessing very watery pulps,
(2) the maximum possible RY-profitability allowed to a fruit decreases steadily as ns/P
increases, and (3) for fruits lying close to the left extreme of the horizontal axis, important
changes in RY may be brought about with very slight alterations in W, but as fruits approach
the right-hand extreme, changes in W have virtually no effect on RY. All this indicates that
the potential for modification of RY decreases substantially as relative seed load per fruit
increases.

These considerations point to the conclusion that the rich pulps commonly
found in tropical fruits are not necessarily related to close coevolution between
large-seeded plants and their ‘‘specialized’’ dispersers (Snow 1970; Snow 1971;
McKey 1975; Howe and Estabrook 1977). Simple scaling effects resulting from the
increase in seed size of tropical bird-dispersed plants relative to nontropical ones
limit the range of possibilities available to fruit architecture. These possibilities are
further limited by the available range of disperser gape widths relative to seed
size. Temperate plants, being mostly small seeded, have perhaps a broader
potential range of alternatives to build up the reward section of their relatively
small-sized fruits, since both RY- and d-variation appear to be allowed. These
geometrical and biological constraints do not deny at all, however, the possibility
of birds and plants becoming selective agents on each other and mutually inducing
evolutionary changes (coevolution, in the sense of Janzen [1980]), but rather they
may serve to establish the feasible ways to coevolution. As suggested by Snow
(1973) for some Cotingidae, the disproportionately wide gape of some tropical
frugivores probably constitutes an adaptation to feeding on large-seeded fruits.

I have been so far concerned with the potential profitability inherent in each
kind of fruit, regardless of the procedure used by the dispersers to handle seeds.
Transit time of seeds through the bird may change whether seeds are regurgitated
or defecated, thus modifying the detrimental effect of seed processing. In southern
Spain, Erithacus rubecula (body wt 17 g) regurgitates seeds within 6—12 min after
fruit ingestion, whereas the similarly sized Sylvia atricapilla (18 g) takes between
15-25 min to defecate seeds after feeding (Herrera, unpubl. MS). Phainopepla
nitens (27 g), a North American frugivore, takes 12—45 min to defecate seeds after
feeding (Walsberg 1975). The Central American cotingid Procnias tricarunculata



NOTES AND COMMENTS 905

(around 150 g) regurgitates seeds about 15 min after feeding (Snow 1977), while the
European Turdus merula (90 g) may take up to 6 h to defecate seeds (Herrera,
unpubl. MS). These data suggest shorter processing times among regurgitating
birds, but this is not to say that seeds are not ballast to birds which regurgitate
seeds. The latter have been shown to select fruits on the basis of minimizing
ingestion of seed mass when feeding on the fruits of Virola surinamensis (Howe
and Vande Kerckhove 1980), despite the extremely high nutritive value of the
pulp, in much the same manner as defecating nontropical birds do when feeding on
poor-pulp temperate fruits (Herrera 1981, unpubl. MS). Until physiological
studies are conducted on the assimilative efficiency of regurgitating versus defe-
cating birds, it is not possible to discuss on a firm basis the possible improvement
in nutrient yield obtained by the former group, although some improvement is
likely to occur.

If the two seed handling procedures were unequally common in the two geo-
graphical areas compared here, it would imply that the similarly rewarding fruits
of both regions could eventually be exploited differentially by their respective
disperser assemblages. Among Neotropical frugivores, species in the Cotingidae,
Tyrannidae, Trogonidae, and Ramphastidae regurgitate seeds, while most or all
of the Pipridae, Turdidae, and Thraupidae usually defecate them. In southern
Spain there are at least four important small frugivores which regurgitate all
but the smallest seeds (Erithacus rubecula, Ficedula hypoleuca, Phoenicurus
phoenicurus, P. ochruros), while none of Sylvia and Turdus species is known to
regurgitate. Although it is impracticable to compare their relative proportions, the
two seed-processing modalities are present on both areas, including an extremely
efficient seed-processor (E. rubecula) in southern Spain. But even in the likely
case of the regurgitating habit being relatively most common among Neotropical
frugivores as a whole, this would only indicate that birds there are more efficient
in harvesting nutritious material from the fruits, but not that Neotropical fruits are
offering intrinsically better rewards.

Results presented in this note, showing similar inherent profitability to tropical
and nontropical fruits and suggesting alternative, noncoevolutionary explanations
to the relationship between the large seed loads and high pulp quality characteris-
tic of tropical fruits must be taken as provisional until further studies of fruit
quality are conducted in more geographical areas using larger samples of species.
While my Spanish sample probably represents well above 80% of the regional
bird-dispersed flora, the Neotropical species list is only a tiny fraction of the
enormous existing total. In addition, the tropical sample used here is almost
certainly biased towards species with the richest pulps. Species in the Palmae and
Lauraceae are particularly well represented, while ubiquitous, very diverse
families as Rubiaceae and Melastomaceae are at an obvious disadvantage. On the
other hand, further aspects not accounted for here that may substantially affect
actual fruit profitability include pulp content in undigestible and toxic substances
(Janzen 1978). These limitations of both the approach and the Neotropical sample
I have used lead me to deliberately avoid discussing further my results, despite the
fact that some important questions remain obviously unanswered as, for instance,
What is the evolutionary basis for the similar overall profitability inherent to
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tropical and nontropical fruits? I wish not to add further to the existing hypotheses
and generalizations before more hard data on the quality of fruits and the pro-
cessing efficiency of frugivores has been gathered. I agree with Howe (1979) in
that relevant intuition must now await expanded experience.

ACKNOWLEDGMENTS

Some of the ideas reported here originated during field work conducted in Costa
Rica while I was supported by a grant from the Programa de Cooperacion Interna-
cional con Iberoamérica, of the Spanish Ministerio de Universidades e Investiga-
cién. Chemical analyses of fruit pulps were performed by Balbino Garcia and
Antonia Garcia, Centro de Edafologia y Biologia Aplicada, C.S.I.C., Salamanca,
through funds provided by the Estacion Biologica de Donana, Consejo Superior
de Investigaciones Cientificas. Henry Howe, Daniel Janzen, Pedro Jordano, Bar-
bara Snow, David Snow, and an anonymous reviewer offered valuable criticisms
on an earlier draft of this note. Henry Howe also kindly furnished preprints from
their papers.

LITERATURE CITED

Foster, M. S. 1977. Ecological and nutritional effects of food scarcity on a tropical frugivorous bird and
its fruit source. Ecology 58:73-85.

Frost, P. G. H. 1981. Fruit-frugivore interactions in a South African coastal dune forest. Proc. 17th Int.
Ornithol. Congr., West Berlin (in press).

Herrera, C. M. 1981. Fruit variation and competition for dispersers in natural populations of Smilax
aspera. Oikos 36:51-58.

. 1982. Seasonal variation in the quality of fruits and diffuse coevolution between plants and
avian dispersers. Ecology (in press).

Herrera, C. M., and P. Jordano. 1981. Prunus mahaleb and birds: the high-efficiency seed dispersal

system of a temperate fruiting tree. Ecol. Mongr. 51:203-218.
Howe, H. F. 1977. Bird activity and seed dispersal of a tropical wet forest tree. Ecology 58:539-550.
. 1979. Fear and frugivory. Am. Nat. 114:925-931.
———. 1980. Monkey dispersal and waste of a neotropical fruit. Ecology 61:944-959.
. 1981. Dispersal of a neotropical nutmeg (Virola sebifera) by birds. Auk 98:88-98.
Howe, H. F., and D. De Steven. 1979. Fruit production, migrant bird visitation, and seed dispersal of
Guarea glabra in Panama. Oecologia 39:185-196.

Howe, H. F., and G. F. Estabrook. 1977. On intraspecific competition for avian dispersers in tropical
trees. Am. Nat. 111:817-832.

Howe, H. F., and R. B. Primack. 1975. Differential seed dispersal by birds of the tree Casearia nitida
(Flacourtiaceae). Biotropica 7:278-283.

Howe, H. F., and G. Vande Kerckhove. 1979. Fecundity and seed dispersal of a tropical tree. Ecology
60:180-189.

. 1980. Nutmeg dispersal by tropical birds. Science 210:925-927.

Janzen, D. H. 1970. Herbivores and the number of tree species in tropical forests. Am. Nat. 104:501—
528.

. 1978. Complications in interpreting the chemical defenses of trees against tropical arboreal
plant-eating vertebrates. Pages 73-84 in G. G. Montgomery, ed. The ecology of arboreal
folivores. Smithsonian Institution, Washington D.C.

. 1980. When is it coevolution? Evolution 34:611-612.

Livingston, R. B. 1972. Influence of birds, stones and soil on the establishment of pasture junipers,

Juniperus communis, and red cedar, J. virginiana in New England pastures. Ecology
53:1141-1147.




NOTES AND COMMENTS 907

McDiarmid, R. W., R. E. Ricklefs, and M. S. Foster. 1977. Dispersal of Stemmadenia donnell-smithii
(Apocynaceae) by birds. Biotropica 9:9-25.

McKey, D. 1975. The ecology of coevolved seed dispersal systems. Pages 159-191 in L. E. Gilbert and
P. H. Raven, eds. Coevolution of animals and plants. University of Texas Press, Austin.

Milton, K. 1979. Factors influencing leaf choice by howler monkeys: a test of some hypotheses of food
selection by generalist herbivores. Am. Nat. 114:362-378.

Morton, E. S. 1973. On the evolutionary advantages and disadvantages of fruit eating in tropical birds.
Am. Nat. 107:8-22.

Regal, P. J. 1976. Ecology and evolution of flowering plant dominance. Science 196:622-629.

Schuster, L. 1930. Ueber die Beerennahrung der Vogel. J. Ornithol. 78:273-301.

Snow, B. K. 1970. A field study of the bearded bellbird in Trinidad. Ibis 112:299-329.

. 1972. A field study of the calfbird Perissocephalus tricolor. Ibis 114:139-162.

. 1977. Territorial behavior and courtship of the male three-wattled bellbird. Auk 94:623—645.

. 1979. The oilbirds of Los Tayos. Wilson Bull. 91:457-461.

Snow, B. K., and D. W. Snow. 1971. The feeding ecology of tanagers and honeycreepers in Trinidad.
Auk 88:291-322.

Snow, D. W. 1962a. A field study of the black and white manakin, Manacus manacus, in Trinidad.
Zoologica 47:65-104.

——. 1962b. A field study of the golden-headed manakin, Pipra erythrocephala, in Trinidad, W. 1.
Zoologica 47:183-198.

———. 1962¢. The natural history of the oilbird, Steatornis caripensis, in Trinidad, W. 1. Part 2.
Population, breeding ecology and food. Zoologica 47:199-221.

—— 1965. A possible selective factor in the evolution of fruiting seasons in tropical forest. Oikos
15:274-281.

———. 1971. Evolutionary aspects of fruit-eating by birds. Ibis 113:194-202.

———. 1973. Distribution, ecology and evolution of the bellbirds (Procnias, Cotingidae). Bull. Br.
Mus. Nat. Hist. (Zool.) 25:369-391.

Thomspon, J. N., and M. F. Willson. 1979. Evolution of temperate fruit/bird interactions: pheno-
logical strategies. Evolution 33:973-982.

Tutin, T. G., V. H. Heywood, N. A. Burges, D. M. Moore, D. H. Valentine, S. M. Walters, and D. A.
Webb, eds. 1964-1980. Flora Europaea. 5 vols. Cambridge University Press, London.

Van der Pijl, L. 1972. Principles of dispersal in higher plants. 2d ed. Springer-Verlag, New York.

Walsberg, G. E. 1975. Digestive adaptations of Phainopepla nitens associated with the eating of
mistletoe berries. Condor 77:169-174.

Westoby, M. 1974. An analysis of diet selection by large generalist herbivores. Am. Nat. 108:290-304.

Wetmore, A. 1914. The development of the stomach in the euphonias. Auk 31:458-461.

Wood, C. A. 1924. The Polynesian fruit pigeon, Globicera pacifica, its food and digestive apparatus.
Auk 41:433-438.

White, S. C. 1974. Ecological aspects of growth and nutrition in tropical fruit-eating birds. Ph.D. diss.
University of Pennsylvania.

|

CARLOS M. HERRERA
UNIDAD DE EcoLocia Y EToLOGIA
EsTACION BioLOGICA DE DONANA
SEVILLA - 12, ANDALUCIA

SPAIN
Submitted June 16, 1980; Revised January 5, 1981; Final revision April 21, 1981;
Accepted May 7, 1981





