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ABSTRACT

Fern-cating forest grasshoppers of two species were studied in Costa Rica. Hylopederes nigrithorax lives in groups on particular
ferns in light-gaps. Homeomastax dentata is solitary and found throughout the forest. The relative palatability of 13 species of fern
was established, including species supporting Hylapedetes colonies, species on wnich Hemeomastax was found, and controls. The
palacability scores obtained witl stax were relacively closely grouped and only the least palatable plant was significantly
less preferred. The scores obtained from Hylopederes were more widely spread, and the most palatable planes were significantly
preferred. This suggests thar Hylapederes is more specialised in its feeding habirs, H. more g lised. The rank order
of palatability to the two grasshoppers was significancly positively correlated, The proximal basis of palatability differences seems
to be chemical, but the content of phenols, nitrogen, tannins and fiber showed no correlation with palatability. The siting of
Hylspedeses colonies appears to be derermined by sunlight and fern palatability. Most colonies are found on the most palatable

fern, but the longest lived colonies occur on a less preferred species which better survives successional change.

ACRIDID GRASSHOPPERS ARE USUALLY THOUGHT OF AS GENER=
auisT, bue not indiscriminarte feeders (e.g., Williams 1954,
Mulkern 1967, and Gangwere 1972). There are, how-
ever, a considerable number of species which feed on only
a few or even one species of plant (Joern 1979). Such
grasshoppers occur in many different environments (e.g.,
from the temperate forests of North America, where Den-
drotettix quercus eats oak leaves (e.g., Valek 1971), or
Bocagella acutipennis feeding on the composite Vernonia
guineensis in the west African savanna (Duviard 1970),
1o Paulinia acuminata eating Salvia and Pistia floating
on the lakes of South America (Carbonell 1964)) and
may be especially characteristic of some, such as warm
temperate desert (Otte and Joern 1977) or tropical rain
forest (Rowell 1978). Among the lacter, several genera of
neotropical grasshoppers eat ferns (Rowell 1978 and un-
publ. obs.), either exclusively or as an important com-
ponent of their diet along with other plans (e.g., Hom-
eomastax, Eumastacoidea: Lepromerinthop Hylgped.
Micropaon, and Scirtopaon, Acridoidea: many tererigids).
Because ferns were among the oldest vascular plants,
and Orthoptera among the oldest herbivorous insects
(Smart and Hughes 1971), the relations of their modern
descendants are of interest to plant /herbivore theory. To
date, relatively lictle is known of interactions berween

. H

ferns and their herbivores (see however Kaplanis e al.
1967, Cooper-Driver 1977, Gerson 1979) apart from
rwo areas of recent research. The first of these concerns
the commercially important bracken fern Previdium
aguilinum (Bernays 1977; Jones and Firn 1979, b; Law-
ton 1982; Rigby and Lawton 1981; Schreiner 1980,
Tempel 1981). Secondly, there has been some controversy
as to whether ferns as a group suffer less from herbivory
than do angiosperms (Clark 1973, Balick er a/. 1978,
Hendrix 1980, Auerbach and Hendrix 1980); this dis-
cussion is inhibited by the paucity of information abour
tropical species.

This paper reports the results of tests of the relative
palatability of several ferns from a tropical monrane forest
to two unrelated species of grasshopper, both fern feeders
from this habitat. Homeomastax dentata (Saussure 1903)
Is a representative of the Eumastacoidea, an extremely
ancient group of the Orthoptera, which has had the op-
portunity to coevolve with the ferns probably since the
Carboniferous, a period in excess of 200 million years.
Many modern eumastacids feed on modern ferns, and
though it would be naive to regard the current forms of
either line as either ancient or primitive [e.g., Harris
(1973), and Lovis (1977), on the evolution of modern
ferns and Descamps (1971, 1973), on the Eumastacoi-



deal, this may well be a very ancient association (Blackith
1973, Descamps 1973). Hylopedetes migrithorax Des-
camps and Rowell 1978 belongs to the subfamily Rhy-
tidochrotinae (Amedegnato 1976) of the Acrididae, a rel-
atively recent group (Carbonell 1977, Amedegnato and
Descamps 1979).

In undisturbed habitats, H. migrithorax is found in
small isolated groups centered on individual fern fronds
in forest light-gaps. These fronds belong o only a few
species of fern. These groups can persist on the same
plants for at least four years. Although some individuals
leave o colonise other favorable sites (Braker, unpubl.
obs.), in montane forest they are rarely found away from
the established colonies. Homeomastax dentata does not
show the marked site-specificity of H. nigrithorax, and is
found on ferns in both light-gaps and closed forest. In-
dividuals are never grouped, except for copulating pairs.
Microscopic examination of the faeces of wild-caughe in-
dividuals, using a modified version of the techniques of
Brusven and Mulkern (1960) and Launcis (1976), con-
firms that in chis habirar both species ear almost exclu-
sively ferns and virtually no angiosperms (Rowell, un-
publ. obs.).

There are hundreds of fern species in the habicac of
these two grasshoppers. We designed experiments ro an-
swer the following questions: Do the two grasshoppers
discriminate markedly berween different species of ferns?
To what extent do they approach the “generalist” or
“specialist”” ends of the specerum of host-plant specificiry?
To what extent is the observed association berween H.
migrithorax and certain individual ferns a funcrion of the
greater palatability of those ferns? Assuiming thar the two
species of grasshopper each show a rank order of prefer-
ences among ferns from cheir habitar, how do the two
rank orders compare with each other? Are the same sorts
of ferns found to be acceptable or discasteful by bath
insects? Are there obvious correlations berween the phys-
ical and chemical characteristics of the fern leaves and
their degree of palatability?

METHODS

Stupy site.—Field work was done at Finca Las Cruces,
San Vito de Jaba, Costa Rica, a field station of the Or-
ganization for Tropical Srudies, University of Costa Rica.
It is situated in “'Premontane Rain-Forest” in the Hold-
ridge Life Zone classification (Tosi 1969), ar about 1200
m altitude. The climate is characterised by an exception-
ally’low annual variation in monthly mean temperatures
(L.1°C in 1963}, uniformly high humidicy (87-91% in
1963), heavy rainfall (mean 4031 mm/year, 1953—64),
and persistent cloud cover (only 1400 h unobstructed
sunlight in 1963). Less than three h sunshine per day are
recorded for eight months of the year, rising t 5.6 h/day
in the dry season December to March {Score 1971),

The insects and plants used were obtained from primary
forest. Within this forest daytime shade temperatures are
characteristically 18—20°C. This equable, cool, shady and
moist habitat is very rich in ferns.

Croice oF Ferns.—We selected 13 ferns, falling into four
operational categories. The scientific names (determined
by Gémez) and code designations of these ferns are listed
in Table 1. The firse category (H series, N =35) were
planes which provided “home fronds™ for known colonies
of H. migrithorax. “"Home fronds™ were defined as those
fronds which usually had grasshoppers on them. Typi-
cally, the home fronds of a colony comprised one or two
particular fronds of a single individual planc. One large
colony used fronds of two different plants of the same
species, and to a lesser extent also used a frond of a chird
plant of another species.

The second category of ferns (E series, N = 4) were
species on which individual Homeomastax dentata were
caught. Originally rather a large category, this group was
then restricted to a few distinctive species which were
sufficiently abundant to provide adequate material for
experiments and chemical analysis.

Two control groups of ferns were selected. Neicher
had any association with either grasshopper, but were
ferns of the same habirar, habit and leaf texture as the
plants in the E and H series. The HC series (N = 2) were
ferns adjacent to the home frond of one particular colony
of Hylopedetes, but on which grasshoppers were never
seen, The F series (N = 2) were selecred from species
growing alongside E ferns,

Of these 13 species of ferns, 11 were tested in food
choice wials with both species of grasshopper. The re-
maining two ferns were tested only with either Hylopederes
or Homeomastax.

Feepivg trRiats—Fern fronds were gathered and stored
individually ar room temperature in moist polyethylene
bags for no more than one day before use in feeding trials,
Grasshoppers were caught in the field with minimum
disturbance, used for tests and then liberated at the orig-
inal caprure site. For feeding trials, single adults of eicher
sex were placed in a transparent plastic box (85 x 36 x
36 mm) along with some dry absorbent tissue paper and
an excess, measured quancity of two different ferns. As
they are small animals (female Hylopederes are 14 mm
long, female Homeomastax 18 mm, the males smaller)
these containers are adequately large. Trials were set up
in the afterncon and examined early the following morn-
ing, about 18 h later. Each grasshopper species was rested
with all possible (66) combinations of the 12 different
ferns, maximally ten times. At the end of the trial the
amount eaten from each fern was noted. If the grasshop-
per was to be used in further trials, it was placed soon
afterwards in a clean new box with the next combination



of plants, which did not include either of the immediately
preceding combination, If the insect had eaten lirdle or
none of cither plant, care was raken o include at least
one plant known to be palatable in the next combination,
in order o avoid starvation. Each animal was used for
2-3 rials before liberation.

ANnaLYsIS OF FEEDING TRIALS,—For each combination of
ferns a relative score was allotted to each of the two ferns.
These scores corresponded o the following categories:
much more eaten, slightly more earen, equally eaten,
slightly less eaten, and much less eaten. The cacegories
were allorted arbitrary numerical scores of +2, +1, 0,
=1, and -2 respectively. For each plant (N = 12) the
11 scores were then summed, and the rotals used o
determine a rank order in palacabilicy. The highest and
lowest actainable scores would be +22 and —22. The
rank order so obrained was checked against the resules
obeained by direcr comparison of adjacent plants in the
rank order. The direct comparison was also used to break
ties obrained by the score method. To assess the signifi-
cance of the differences berween planes, a Wilcoxon rank-
sign test was used. The above procedures were duplicaced
for each of the grasshopper species. Rank orders were
then compared using Kendall's coefficient of rank corre-
lation.

The use of relative scores, as ouclined above, com-
pensates for differences berween individual insects, eg.,
in hunger or in size, and the number of insects used
{=20) minimizes the effect of individual idiosyncracies.
The most important source of error is probably the small
number of replicates of each combination (never more
than 10). However, when 810 replicates were made,

licele variation was seen, and it is here assumed char the
results are representacive. It is further assumed thar males
and females have the same qualitacive preferences; chis is
supporeed by field observations and by direct comparison
of experimental results where the number of ials is
large enough to justify the assumption.

CHemical anavvsis.—Fresh ferns were gathered and air-
dried ac 20°C for 20 h, Whenever possible, the same
individual plant was used as for the feeding rrials, They
were then packed in sealed polyechylene bags during
transpore o San José de Costa Rica (18 hours), air-dried
for a furcher 12-36 h ar 20°C, and finally air-dried ac
GO°C for eight h and packed in sealed containers, Later,
the material was powdered, and for each sample toral
nitrogen, total phenols, condensed tannins (proanthocyan-
idins), relacive astringency, non-extracrable components,
and lignin were estimated. The chemical analyses were
performed on specimens identified by codes unknown o
the chemists involved.

Toral nitrogen was measured by a standard Kjehldahl
method. The results are expressed as percent dry weight
of the dryleaf powder.

Toral phenols were estimated by the use of the Folin-
Denis reagenr as described by Goldstein and Swain (1965),
This reagent reacts with tannins, coumarins, phenolic acids
and other phenols. Results are expressed as percent phe-
nols per dry weight of tissue using rannic acid as a stan-
dard.

Condensed rannins were estimated in both the 50 per-
cent methanol extract and the unextracted powder. Proan-
thocyanidins were determined by heating an equal aliquot
of plant extrace with #-butanol containing 5 percent (v /v)

TABLE 1. Order of prefevence for different fern species thown by Hylopederes nigrithorax and Homeomaseax dentata,
Femn Hylopederes Homeanaiiax
Palatabiliy Palazabilicy
Name Code Rank order score Rank order scare
Hypolepis bostilis H, 1 +13 1 +9
Dennstaedtia obtusifolia H. 2 +12 5 -3
Pieris padaphylla H, 3 +6 3 +8
Diplaziam expansunt H, 4 ) +4 2 +9
Diplaziam afl. berbacewm E, 5 ‘ +3 9 =6
Nephelea mexicana E, 6 +2 7 +2
Preris podophylla F, 7 . -1 5 +2
Cyathea multiflora H,C, a N -4 10 -6
Preris altissima FP 9 —4 G +2
Thelypieris subdecnsiata F, 10 -6 4 +5
Thelypieris atrovirens H,C, 11 -8 11 =20
Duplazinm striatasirum H,B 12 -15 (not tesced)
Thelypreris afl. opalenta E, (not tested) 5" -2

* Different individual plants of the same species—see text,

)

b Exeluded from rank order for H. stax to allow ¢

bility with

Ll
Fyiaf

* Rank order reversed in direct comparisons berween the two species. When calculating the correlation beeween the two ranks,

these values were treated as ties.
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FIGURE 1.

Marrix showing which combination of ferns resuleed in a significant difference in the feeding behaviour of the

grasshopper. Solid squares, P = 0.05; dotred squares, 0.05 < P < 0.07; open squares, P = 0.07. A stacistically significant differ-
ence in this context is the equivalenc of a large difference (see text), and irs absence does not necessarily imply chat no real difference
exists, 1A, Homeomastax dentata. Most uf the large differences in pa]anbxhq are associated with the least preferred plant (H,C,.

Thelypteris ireni). 1B. Hyloped: . Large diffe iliey are associated boch with preferred plant species
(H; and H., Hypalepis .fwm!n and Dmmmm’:m sbewsifelia) and d:shked sPr:cucs (H.B, Diplazium striztasram), but principally

with the former.

concentrated HCI for 2 hours at 95°C, and measuring
the absotbance ar 545 nm (procyanidin) and 560 nm
(prodelphinidin). Proanthocyanidins in the residue were
estimated similarly after the powder and a small amount
of 50 percent aqueous methanol were firsc boiled for 4—
5 minutes.

Relative astringency was estimated by the method of
Bare-Smith (1973). For cach sample, one ml of a 50
percent methanol extrace of fern powder was mixed with
one ml of diluted blood (1:50 with warter). The tannin-
protein precipitate was removed by centrifugartion and the
residual haemoglobin determined by absorbance ar 578
nm, The binding ability of this extract is measured rela-
tive to a standard tannin, tannic acid. Astringency is ex-
pressed in rannic acid equivalents (TAE). TAE is equal
to percent tannin if the tannin in the sample has the same
properties as tannic acid. The astringency of an extracted
residue was similarly estimated.

To estimate non-extractable components, fern powder
was successively extracted with chloroform : echer (3:1),
ether, 80 percent methanol, and then hydrolyzed with 3
percent H,SO, at 100°C for 30 min. The residue was
then dried and weighed. The non-extractable component

(‘fiber’) was calculated from the formula: (dry weight of
the residue /weight of the powder before extraction) =
100 = percent fiber. Fiber measured by this method
probably consists of hemicellulose, cellulose and lignin.

Lignin was measured using the method of Morrison
(1972). Lignins were extracted from plant tissues with
25% acetyl bromide in acetic acid for three min. These
tissues had previously been extracted with water, ethanol,
acerone and ether. The absorbance of the neucralized so-
lution was measured at 280 nm. Lignin is expressed as a
percent of the total plant powder before excraction, using
fiber from Spartina alternifiova as standard,

RESULTS

Bang onpEr OF PLANTS I PALATABILITY.—Table 1 shows
the order of preference in which ferns were eaten by the
two grasshopper species. Instances in which this rank or-
der conflicted with thar obrained by direct comparison
between the two planes in question are indicated. No
conflicts were found in che case of Homeomastax, and the
rwo instances found in Hylopedeter were simple reversals
of order which would not otherwise aleer che overall rank-



ing. The rank orders derived from the rwo grasshoppers
are similar (probability of chance occurrence = 0.038, by
Kendall's coefhicient of rank correlation (r = 0.49, » =
11, N = 50). The most acceprable and the least accept-
able ferns are the same for both insects, There are only
two major exceptions: Dennstaedtia obtusifolia is well
received by Hylopedeter and accepred only with reluctance
by Homeomastax, whereas the reverse is true of Thelypreris
subdecussata. The most acceptable ferns to both grass-
hoppers are those of the H series, that is, the ferns with
which Hylapederes is associated in the wild; the next most
acceprable are the E series, those known to be eaten in
the wild by Homeomastax.

DESTK]BUTION OF SIGNIFICANT DIFFERENCES BETWEEN
pLanTs,—The distribucion of significant differences in pal-
atability, calculated as described in the Methods, is in-
dicated in Figures 1A and B. It should be noted thar the
criteria of significance derive ultimately from the magni-
tude of the individual differential score (which is a func-
ton of the feeding behaviour of the grasshopper) and
from the number of plants with which the two species
under consideration are compared (a function of the ex-
perimental design). Thus the dara in Figure | merely
indicate the distribution of large differences in palatabilicy.
It can safely be assumed that all combinations would be
found significantly different if a large enough number of
test species were used, unless the rwo plants were precisely
identical in palatability.

Trials with Homesmastax produced a significant dif-
ference in palatability (P < 5%) in only 14 our of 66
combinations. Further, 10 of these 14 involve one plant
(Thelypteris atrovirens) which was very distasteful (pal-
atability score of —20 our a possible —22). Palarable
plants did not have very high relative scores (+8, +9
and +9 out of a possible +22). The plants were closely
grouped in palatability (over a range of 16 units out of
a possible 44) to Homesmastax, except for one very un-
palatable species; no plants are clearly preferred to all the
rest.

Trials with Hylopederes produced a differenc result.
There were more significantly different combinations of
plants (P < 5% in 21/66 combinarions) than in trials
with Homeomastax. The palatability scores are more widely
distributed, over a range of 29 our of a possible 44 units,
and the most palatable plants are more highly preferred
(scores of +13 and +12). Significancly different com-
parisons are associated with palatable plants more often
than with unpalatable ones, unlike the situation in Ho-

. The comparison berween the two grasshopper
species can be refined by excluding the ewo species of fern
Thelypreris sp. aff. opwlenta and Diplazinm striatastrum
which were not tested with both grasshoppers. Then the
“unpalatable” category is involved in 9 of 13 significant
differences for Homeomastax but only 3 of 14 for Hylo-
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FIGURE 2. The relative palatabilicy of the different ferns (from

dara in Table 1), plotted on a vertical scale for each of the two

hopper species. H: perceives the ferns as rela-
me!\ close-l) gmup:d in palarab;ht; with the exceprion of one
very di | species. Hyl perceives the ferns spread
out over a wider perceptual range, with some more highly pre-
ferred species.

pedetes. For Hylopederes, responses indicated both very
palatable and unpalatable species, and there is a wider
range of palatability than for Homeomastax (Fig. 2).

CHEMK:AL ANALYSIS AND RELATION TO P’KEFEREN('.E.—‘Fhe
results of the chemical analyses are shown in Table 2,
which also shows the order of preference of both grass-
hoppers for the various ferns, No obvious correlation ex-
ists between the palatability of the ferns and any of the
variables measured. A multiple linear regression indicated
a weak positive relation berween palatabilicy and total
nitrogen and a weak negarive relation berween palacability
and total phenols in Hylopedetes, in H both
relationships were weak and negative. Examination of the
variance (Snedecor and Cochran 1962) showed that in
neither insect were the two slopes significantly different
from each other or from zero, and that the regression on




TABLE 2. Chemical analysis of the ferns wied in foodplant trials.

Palata-

biliey

score

( Homeo- e G PA PA TAE TAE W W
Plant wasiax) N, phencls  powder  exerace powder  extract fibser lignin
A, Arranged in the p e order of H;
H, Hypalepis hostilis +9 298 205 1.6 1.0) 2.1 24 618 9.7
H, Diplazinm expansim +9 3.08 1.90 0.4 (Lo 23 2.4 60,2 4.0
H, Preris poduphylla +8 343 0.3% 03 (.0 1.6 Lo 58.8 4.4
F, Thelypreris subdecussata +5 282 2,64 9.5 34 2.6 6.4 644 59
EP Preris aleissima +2 3.21 (.80 (L5 (L0 2.1 2.6 608 5.6
E. Nephelea mexicana +2 3.21 3.90 3.0 5.5 27 3y 9.6 500
H. Dennstaedtia obtusifolia -3 4.26 .90 1.2 0.5 1.3 1.5 9.0 3.0
E, Diplaziun aff. herbacean -G 4.33 1.70 0.9 0.0 1.4 0y 9.0 29
H,C, Crathea mudtiflora -G 258 315 1.7 1.3 25 4.5 47.4 26
H.C, Thelypteris atrovirens 20 245 2.9 1.9 1.0 2.5 4.4 47.0 28
B. Armanged in the preference order of Hylopedeses

H, Hypolepis hostilis +13 298 205 16 10 2, 2.4 61.8 9.7
H, Dennstaedtia ebtusifolia +12 4.26 0.90 1.2 0.5 1.3 1.5 59.0 5.6
H, Preris padapbylla +6 143 0.35 0.3 0.0 1.6 1.0 8.8 4.4
H, Diplazinm expansum +4 3.08 190 0.4 (113} 2.3 2.4 6112 4.0
E. Diplazicem aff. herbacenm +3 T 0.9 [1X4} 1.4 0.9 9.0 29
E, Nephelea mexteana &2 .90 30 5.5 27 i 59.6 5.0)
H,C, Cyathea multiflors -4 515 1.7 1.3 2.5 4.5 47.4 2.6
FP Preris altissima -4 (080 (.5 (L1 21 26 66,8 5.0
F, Thelypreris subdecussara -6 2,60 9.5 34 26 6.4 64.4 5.9
H\C, Thelypreris atrovivens -9 2.90 1.9 (W] 25 4.4 47.0 28
H.B Diplaziem siriatastrum -15 2.70 L9 0.6 1.4 1.5 G0 8.3
the two variables accounted for only 5—10 percent of the  the natural history of Hylopedetes and H tax. Hy-

total variance.

DISCUSSION

GENERALIST VERSUS SPECIALIST RESPONSES TO FEEDING
TriaLs,—Laboratory feeding crials tend o produce more
positive responses than is representative of the wild ani-
mal. This is because the animal is deprived of its normal
search behaviour (the experimenter may confront the an-
imal with a plant which it normally would never encoun-
ter) and furthermore it has a restricted choice (if confined
with two unpalatable plants, hunger may compel it to
eat something which it would normally reject). Conse-
quently the number of plants accepred in an experiment
such as this may not reflect feeding specialization of wild
insects. The relevant dara are the differences in apparent
palatability berween the planes tested. A specialist feeder
would be expected to discriminate strongly between the
plants it preferred and the majority of other plants; the
latcer may seill show differences in palatabilicy. A more
generalise feeder should discriminate less strongly in fa-
vour of any particular species, bur would scill be expected
to discriminate scrongly against very unpalatable species.
These two schemata seem to represent these resules and

lopedertes is associated with certain individuals and species
of fern in the wild, whereas Homeomastax is encountered
on a wide range of ferns in various forest habirats,

While Hylopederes is a more restricted feeder than
Hameamastax, it is not monophagous. Some insects, in-
cluding some forest grasshoppers (e.g., various species of
the genera Ampelophilus, Lithoscirtns and Drymophilacris,
which eat only a few species of Solanaceae and of Com-
positae (Rowell 1978 and unpubl. obs.)) will refuse all
but the preferred food(s) and starve ro death if deprived
of it (them). In these experiments, Hylopedeter accepred
fern species on which it has not been found in the wild,
Whatever its longrerm fitness on these might be, irs be-
havioural food selection process is clearly not as extreme
as in some insects. This is of interest in view of the need
of Hylapedeter and other flightless grasshoppers which live
in the transient light-gap habitat w colonise new sites. In
the course of dispersal they must wraverse closed foresc
where their normal foodplants are rare or absent. The
ability to subsist temporarily on other plants must be of
advancage.

DIFFERENCES 1N PALATABILITY RELATED TO INDIVIDUAL FERNS
AND TO THEIR sysTEMATIC posiTion.—Table | indicates no




obvious relacion berween the systematic position of the
fern and irs palaabilicy, Where differenc species of the
same fern genus are compared, they are often quite dif-
ferent—thus Diplazium expansum. D. sp. r, herbacewm,
and D. hians receive palatability scores of +4, +3 and
=12 from Hylopedetes, and D. expansum and D. sp. aff.
herbacesm obrain ratings of +9 and —6 from Homeo-
mastax. Similarly, the two tree ferns rested (Cyathea mul-
tiflora and Nephbelea mexicanum) are neicher conspicuous-
ly more nor less palatable than the true ferns. These
findings are perhaps no surprise, but it might have been
expected that the somewhat more specialist Hylopederes
would have had some preferred genera. Within our sam-
ple this is not obviously so,

On the other hand, on the one occasion when rwo
individual plants of the same species were tested, they
were treated differently by both inseces. H, is a plant of
Preris padophylia which supported a colony of Hylspedetes
for years, until shaded by the growth of a nearby rree, It
received high palatability rarings from both species of
grasshopper. Fern F, is another individual of the same
species, growing 53 metres away. It is shaded and has
not supported a Hylopedetes colony during the last six
years. This individual plant received appreciably lower
ratings from both species, and for Hylopedetes the differ-
ence becween H, and F, was nearly statistically significant.
This finding shows that there is appreciable variation be-
rween individual fern plants of a species in cheir palar-
ability, and that the potential resource of suitable host
plants may be smaller in fact than it appears to an ouside
observer. Similar cases of differences berween individual
plants and the consequences for herbivores have been pre-
viously described (e.g., Edmunds and Alstad 1978). In
some angiosperms it has been demonstrated chae the plane
responds to herbivore arrack with an increased production
of secondary compounds, resulting in lowered palatability
and /or nuritive value for subsequent herbivores (e.g.,
Green and Ryan 1972, Haukioja and Niemela 1977,
Carrol and Hoffman 1980). No informarion is available
on this aspect for ferns. If the phenomenon occurs, the
low density and additionally the nomadic existence of
Homeomastax or the territorial defense of the occupied
pinnule by Hylopedetes males would tend to reduce is
impact on these grasshoppers,

THE CHEMICAL BASIS OF PALATABILITY. —The distinction has
been made (Feeny 1976) between ‘quantitative’ and
‘qualitative’ chemical defenses against herbivores. Tan-
nins are considered a classical example of the former,
based largely on the work of Feeny (1970) on cak leaves,
Tannins are notoriously difficult to assess in a biologically
meaningful way, especially when working from dried ma-
terial (Swain 1979), as in our case. If raken ar face value,
the results reported here suggest that neither tannin con-
tent nor toral phenolic content determines the palacability

of these ferns to two relatively specialised fern herbivores.
Fox and Macauley (1977) observed a similar lack of
correlation between leaf cannins and acceprability to a spe-
cialist Chrysomelid beetle feeding on Ewcalyptus species.
Similarly, toal nirrogen is bur a crude measure of the
potential of the foodplant w supply the nitrogen needs
of the consumer, but shows here no obvious correlation
with order of preference by the grasshoppers, although in
other instances it has been shown o be an important
factor (e.g., Slansky and Feeny 1977, McNeill and South-
wood 1978, Scriber and Slansky 1981). Fibre content
varies licle berween the ferns tested, and they do noc
obviously differ in other physical defenses such as hairs
or glands. We assume by exclusion chac the proximare
bases of discrimination are probably undetermined sec-
ondary chemicals acting as atcractants or repellents, as is
frequently the case wich herbivorous insects eating angio-
sperms. The ultimare reasons for the preferences shown
by the grasshoppers (e.g., toxicity or nutritive value) are
unknown. Experience with angiosperms and their herbi-
vares has shown thar palatability and relative risk o ac-
tack are the products of highly complex situations; it is
not too surprising that our shot-gun analysis techniques
failed to isolare the critical chemical stimuli for the insects
in question,

THE ECOLOGY OF HYLOPEDETES NIGRITHORAX IN RELATION
TO TS FEEDING PREFERENCES.—Hylopedetes nigrithorax is
found in groups of individuals which are associated with
specific areas and with specific fern fronds within those
areas; the ferns chosen are a small fraction of those avail-
able. In this choice ar least two factors, sunlighe and
palatabilicy, appear o be critically imporrant,

The habitar is cool and with remarkably liccle direce
sunlight. In such a habirar there would seem to be a
significant advantage to a poikilotherm to use what sun-
light it can to raise its body temperature, The “home
fronds" of Hylopederes are always locared where chey can
intercepr available sunlight.

Although Hylopedetes groups damage their fronds ap-
preciably by feeding, their populations are small enough
(<20 adulc individuals per colony) to avoid destroying
them. Most colony shifts which have occurred in the study
site over the pase six years have been clearly associated
with successional change. The apparent need for sunlighe
of Hylspedeter confines them to ferns growing in light-
gaps. As other plants grow, especially trees, the former
light-gap becomes shaded out. In one case the only two
sunlit fronds of a large and otherwise suitable fern plant
were smashed to the ground by a falling tree, and the
colony which had lived there for ar least four years van-
ished; another colony appeared simultanecusly on a new,
previously unoccupied, plant 20 m away, and probably
represents the same group. If growing in a large treefall
clearing, where competition is intense, the fern may be-




come completely smothered by other vegetation, Colonies
which persist the longest are those in which the host fern
is not only long-lived (as most are) buc also succeeds in
remaining in the sun. This happens when the fern is an
erect and vigorous species which can resist rapid over-
growth, or grows at the edge of paths kept open by man
or other animals.

Homeomastax is much less strongly associated with
sunlic environments than Hylopedetes. Tt also breeds
throughout the year, whereas Hylopedetes and other ac-
ridids of this habicac breed principally in che relatively
dry period January—March. These observations suggest
that Homeomastax may have a greater tolerance for low
body temperatures, but no direct data are available.

The most obvious fact from Table 1 is that the four
ferns most preferred by Hylepedetes are all *'H-series™
ferns (ferns which Hylopedetes uses as “home fronds'').
Clearly, site selection by the colony is partly based on
palatability. At firsc ir appears anomalous thar the only
remaining “H-series”” fern (H,B, Diplazium striatar-
trum) is the most unpalatable of all ferns tested. This
plant, however, is only a “‘subsidiary home frond” to a
colony whose "“home frond" is the palatable Preris po-
dapbylla, the Diplaziam striatastrum frond was sunlit,
and apparently used only for basking (as are also various
well-placed angiosperms around the home frond).

Interaction of sunlight and palatabilicy determine the
most suitable food plant species. Observations over 6
years have shown thac all the long-lived colonies to date
have been on Preris podophylla. The only colony known
on Diplazium expansum is recently established and its
longeviey not yet known. Only one individual male Hy-
lopedetes was ever found on Dennstaedtia obtusifolia.
Though extremely palatable, this species appears to be
restricted o shady places, and is thus unsuitable for a
permanent colony. It is also rather low-growing and would
be rapidly overshadowed in a competitive situation. The
situation with Hypolepis bostilis is particularly interesting.
This is the most palatable of all ferns tested, both for
Hyloped, and H 3 it is also chorny, which
suggests physical defense against large herbivores, and
thus may have reduced its chemical defenses. The largest
number of Hylapedetes colonies have been found on this
species. None, however, have persisted for more than
three years (the life-cycle of the grasshopper is not known
with precision, bue the maximum is 12 months), The
reason for short associations is the poor long-term com-
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