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THE INSECT LIFE OF ARNO 1/

by
R. L. Dsinger and Ira La Rivers

On Arno, as elsewnere, insects sre the most numerous of land animeals.
This well—known phenomenon 1s a functlon of their small size and their high
reproductlve potentlal. The total number of species of land anthropods on
Arno is estimated ab 500. This mey be compared with 96 Spe01es reported
from Canton Island (a somemha* drier coral atoll) and nearly lOOO recorded
irom Guam (a much larger, high 1sland -The insects of Arno have tp be
abuncant in order to malntsln‘themselves, because most of the higher ter—
restrial animals live on ﬁhem;l’lhus, 1nsects are the flrst llnk 1n many
‘of the food chains, such forms as aphlds, plant bugs, caterplllars and,
in fresh water, midge larvae actlng as prlmary converters of green plants
iMOmmdfwd

0f no less importance than tne "érazers" are the.ever—present ants
and cockroaches Whlch act as s,avengers and the wood—borlng beetles and
termltes whlch w1th the help of bacterla and fungl, restore logs to hu-
mus, Other katabollc agents 1nc1ude the f‘11es and beetles Wthh play a

domlnant role in the decav of fallen fru1ts and others wnlch perform &

similar functlon in dung and carrion. - ]
Not all insects are occupied in such vital jobs of a constructive or
destructive nature. Analysis of the fauna reveals that a considerable pro-

portion of the insects in any community. are busily engaged in eating each

1/ This report covers field work carried ocut in 1950 as part of the Coral
Atoll Project of the National Research Council's Pacific Science Board.
These studies were aided by & contract between the Office of Naval Re-
search, Department of the Navy and the National Academy of Sciences
(NR 160 175).
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other. One—fourth of tbe insects of Arno fall directly in this category--
as predators or ueranltes and tne percentdge may be even higher when care-
ful rearing reveals the true number3;01 entomophagous paresites. Then

tiiere are the small ectoparasites——the lice and mltes, and one louse fly—-

"which inf est blrds and rats.

' Another v1tal +hough 1nuonso uoas functlon of 1nsects in most mainland

‘areas is polllnaulon. On Arno pvooablv tbree—f’fths of the hlgher plants
" are insect poliineted. Detatled studles on thls are lecxlng bu+ tbe s1ngle

' Arno bee, a leaf—cu*tlng spec1es of Meg hlle, collects uollen on its ab-

domlnal halrs. th nests in tbe dead twigs of Soae"ola and v1s1ts varlous

flowers 1ncluding Tvlumfetta, Scaevola and WedeLia.

The above—mentloned act1v1t1es are ba81c to any communlty of plants

and enimals and are qu1te independent of man. Yor this reason, the insects,

‘ w1th but few exceptlons, are not much dlfferent on the uninhablted islets

than in the villages. Furthermore, many cf the insects undoubtedly ar-
rived before‘theﬁfitst(neti;esﬁand;nedyeonieved.a'state of equ1libr1um
which may not have changed 51gn1flcantly with the advent of man. h |
There are a few 1mportant exceptlons to th*s generanlzatlon-usueh as
the house fly, the house mosqu1to aomestlc cockroacnes, and llce. The
role of these and other 1nsects assoc1ated w1th man w1ll be dlscussed in

i

detail later.

-. . Animal Communities and Habitats

It is a well-known faet that plants and animals are discontinuously

distributed over the earth's surface. Nevertheless it comes as a surprise

. to find that flve square miles of practically 1evel'1and of Simllar origin

and relatlveny unlform comnositlon shou d present sueh‘a;verlety,of distinct

- l .
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plant and animal aasociations.i In spite of a superficial similarity there
are at least four distinct terrestrial communities and numerous distinct
but interrelated strata within each. In addition there is the marine habi-

tat including tide pools and tﬁ°,°Pe§~9999§ which is inhabited by marine

%
v 0

’ water.st;iders.

Marine Insects. The virtual absence of the largest group of animals,

the 1nsects, from the largest habitat in the world the ocean, has been the
”“subject of much speculation (Buxton, 1926) It has been pointed out thatr
'iinsects of saline lakes can tolerate .greater concentrations of salt than ‘
Hare found in the ocean, and insects of torrential streams and waterfalls
are_sutgected:to conditionsjubich are comparable to wave action. What, then,
_ are the limiting factors that preuent;insects as a group from colonizing .
:the sea? The enswer. is to be found 1n the ancestry of insects, in the fact
.that they evolved a spe01al breathing mechanlsm (tracheae) which was admir-
ably.suited_to‘terrestnial iife”and;only4eecondarilyhadaptab1e_toilife in
the water.‘ But_perhaps the most critical factor of all 1s the depth of the
ocean, for deep water is uninhabitable even to fresh water forms, the pro-
~_\fundal bottom habitat of our deepest lakes being beyond the reach of insects.
Then there_isjthe ﬁactitnat_tbe ocean is already occupied by another group
.'of Arthropods, the Crustacea.‘\Fhis groug?‘gbich 1ncludes the shrimps,

. crabs and their relatives, 1s so perfectly adapted to all of the available

niches in the sea that would-be 1nvaders such as insects cannot compete

with them. -~

¥

One group of insects has overcome, .the above difficulties by occupying
the surface of the ocean. The marine water striders attracted the attention
of early voyagers who found small, gray, long-legged creatures coursing about

on the high seas. Thece marine forms differ from their fresh-water relatives
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,.-in that they have permanently lost their wings;itheréibeihé nd'neédwto util-

ize this means of dispersal in the oceén.which, unlike: fresh-water ponds, is

~in no immediate danger of drying up. SRR

Halobates micens lives in the open océan énd in the deep parts of ‘the

lagoon at Arno. Nymphs and adults are blown up on the beach by'stfdhg winds.

., This happened on the beach of the lagoon at Ine Village one afternoon and

.evening. The bugs were awkward on land and sought shelter ffom the wind‘ih

the smallest depressiohs or in footprints on the beach. Here they doubtless

fell easy prey to;a golden flovef which patrolled that section of beach and

also to the ghost crabs which glided swiftly over the sand after dark.
In protected coves such as are found on the ocean side of Tagelib and

in the lagoon at the north horn of the atoll two 5tﬁer marine water striders

--are found. One of thése,'Halobates mariannarum = d*ff~re only siightly from'

its relatives in the:Marianas:amd:Carolines; ‘but the fess tust it differs
at all suggests that it ¥s.endemic to the reefs of the Marshalls and has’
been isolated for a ilong time.: Nymphs-and adults of this local Halobates

swim in groups of ‘hundreds or thousands ir.shallow watér. A search was =

.. made for the plankton.which must:serve .as their food, but to no avail. Pre-

‘sumably, they feed on plankters which ‘rise to the surface at night. The

fact that Halobates are not eaten by fish' suggests ‘thiat the median metaster—

nal scent gland repels the ever-present marine predators or, perhaps, makes

the bugs distasteful to the fish.

Even more local, in small embayments, is Hélovelia, a marine water -
strider whose body is less than one-twelfth of an inch in length. The male
is even smaller and rides on the back of ‘the: female to insure that the '

sexes will not be separated by wind o¥> tidei s
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.. The Strand. .In.the daytime the beaches of Arno are clean ard support
_very f{ew insects. .Robber flies.flash here and there, capturing mostly
flies, but, this is about.the extent of the activity over the uninterrupted
_stretches of sand. . .- .0 o)

.”Hqi,Ap night, Arno beaches take on.a chgnggdjgsgectm.LIhe Ghost crabs {0Qc-

cypode;ceratgph@halma),,gpmmontenough §uring daylight hours, literally -,
swarm over the sands after dark.. They dert everywhere...At first; the.in-
,sectrfaung seems to be poorly represented, .few species-coming.to;lights;

and Lhen.usually.only ane Q1 -two individvale of any given kind.pfAs-q.con—q

. sequence, the discovery, one night, of & small, white cricket:-marching about
the beeches in greet numbers ceme as somewhat of a surprise. They were -
particularly abundant at low tides when the greatest expénse,of,beach was
equsgd, ganseemed‘tq_be coming from‘everywherg,,{They-rangedi;n;size;from
the quarter-inch aduits down to Dbarely visib%g early instar nymphs, .all -
marching sedately by the coleman lamp on the sand;;,Thqyiwere‘ggpher¢weakly
”‘posit;vely phototropic, end after the light had -been on the .sand for some
time, it could be nated t@g} mogtxéﬁ them wgfe'grgdually1ori¢ntigguphemselves
.toward_it:fiyhgy;lquxv}gqrous1g at,the s;;ghtest motion negr.the@.w-pige

. the storied Mormon cricket of the intermontane West (Anabrgg/simplexig_these

little beach crickets fell quickly upon an injured fellow and disposed.of
A with the:rapidiyy;gnéifag;lity;denqting,the confirmed omnivore,. which
.they were a;sumedxyo_bg,_g;ghpugh no .other data were .obtained on their .
,plank.fgeding hébits,.ifwgpyg;'Simil&rly, they were quite agile in catching
. the rathef numerous small flying ants attracted to the light, and .which

were meandering about the sand. Bup,_jpﬁgingpéo}elylbg their numbers, it
.isAunlikelyfthgt_pggdgpiog;was'tnggg.uspalhway of meking a living, for there

didn't seem to, be a large enough supply of available victims for .the horde--
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by contrast, the lush plant growth would seemingly have had to supply the
bulk of the food such a population of crickets would require,: Hefe, cer-
tainly, is one animal which can be reckoned an important factor in fhe
conversion of plant materials and smaller animals into food available for
other animals greateér in size, and consequently occupying a more advanced
spot in the food-cycle schewe. One of the larger animals patiently en-

. gaged in such conversion was the above-mentioned ghost crab; these were
observed preying upon the small white crickef'in large numbers. A rocugh
count was made of the number of successful catches out of the number of
attempts that any one ghost crab made, with the resulting approximation of
1 in 1C.

/n additional characteristic of Arn;-night beaches is the greét£huhber
of crab spiders hunting on the rocks;and vegetation bordering>the sahd.l
Directing a flashlight at eye-level usually struck up myriads of diamond-
bright points of light--they could be seen flashing on all sides as fhé
light swept along. Close inspection showed them to be the eyeshine df'hﬁnt—
“ing spiders. Occasionally such a point of light turned oht to be a small
‘ground gecko, but with some experience, it soon became pdssible to diétiﬁ-
guish these latter by virtue of fheir slightly larger size and mdre'yeiiow-
ish reflection.

Except for the beaches the shore is fock&;zcdgéisting of sharp,‘pigted
elevated reefs. Here and in the strictly inte?tidél zone insects are vir~
tually absent, contrary to ‘the situation}that exiéfs in the Halophila tide
pools of Samoa or'thé‘beaches 6f Hawaii. Thewéné human element that entérs
into the picture in the intertidal zone is the presence of human feces--a
hygienic habit involving use of the tidal waters for sewage dispcsal which

attracts numercus flies that would otherwise be entirely absent from the
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zone. Mangroves are a special association in a few places such as the
lagoon at Bikariej. No insects were observed to inhabit the mangrove areas

except marine water striders. -

The Inner Beach isvoccdpied by various plants such as Scaevola, which
“ocecurs 8ingly or in pure stands and provides.blossoms for the Marshallese

head leis, Messerschmidia, Guettarda, Pipturus, Cordia, and, mostly on

raised ledges, Pemphis. Each of these charactéristic strend plants harbors
a distinct fauna, a leaf mining agromyzid fly meking conspicuous serpentine
burrows in the thick Scaevola leaves, caterpillars of the Achsea moth on
Cordis, the s%riking day-flying moth, Utetheisa, with red and black spots

on a White-background,"on_Messerschmidia and the beauvtiful blue Hypolimnas

butterfly on Sida. -
A particularly rich habitat in this zone is provided by the native

custom of burning Scaevola and Messerschmidia thickets to provide space for

coconuts. The dying or dead limbs with leéves browned but still attached,
were attractive to two Scolytid beetles, one round-headed borer, and several
small predaceous rove beetles. Also in the.beetle galleries were two.pre-
daceous bugs of the family Anthocoridae and one .curious little predator with

the imposing scientific name, Ceratocombus. .-

?hevonly seemingly barren .tree in this association was Pemphis. -Re--
peated search failed to reveal‘a single insect on this unusually hardwooded
tree. Scaevola, on the other hand, supports a considerable population in-
cluding a small endemic bug, Campylomma, each island group in the Pacifiec
having a species with distinctive spots-on-its hind legs.

The Open Woodland. As one approaches Arno it-is the erect trees that

catch the eye. In profile, the tall. trees give the .island its place on the

-7~



horizon. Coconuts and the.screw;pine (Pandanus\ comprlse most of the forest

and are the exclusive elements that rise above the strand scrub in the nar—
row parts of Arno. The coconut-pandanus forest, whether seeued naturally or
plented by man, is an open type w1th individual treec rathe* widely serar-
ated, allowing sunlight to reach the vround during most of the day.

Much has been written of the ‘insect oests of the coconut in other parts
of the tropics but Arno is 51nguiarly iree f”om.such troubles. The Mlcro-‘
nesian coc0nut scale, an oval, reddish ecale nearly one-fourth inch 1n.dia—
meter, is the most conspicuous pest on fronds and green husgs. The boots,
skifts and trunks, on the other hand,'teen witn insect life. Here one finds
a whole community gathered largeiy for theiprotection‘affofded s& this
ubiquitous tree. Several kinds of cockroacnes are found as well as smail
bark lice, earrigs, ants, etc. LRost oi.tnese fall easy prey to the skinks

which frequent the same habltat.

__r

On Arno Pandanus is’ not‘eo att*active to 1nsects as the coconut, per—

o

haps because it does not prOV1de as good proteccion. Oniy at tbe 1‘ases of

the fronds is a mic*ohabitat found. Here rain water‘accumulates, sometimes
in amounts sufficient to sustain dregonfly nalads and in some parts of +he
tropics, mosquito larvae. On Arno ourlnv our staj m01sture was sufficient
only for earwigs and small beetles, | . -

The fruit of the Pandanus is enormous and h%ﬁeh ripe, high in suéar ‘
content--this providing a delicacy for the natlves. Decaylng Pandanus i
fruits on the ground harbor an association of v1negar flies (D*osophlla),
fruit beetles (Nitldulidae) and numerous predators (Staphyllnldae, _
Anthocoridae, Ceratocombidae). In addition there is a small but vesy active, jﬁ ‘

white, predaceous mite.



The ground cover in the open woodland consists of various low plants

such &s Vigna marina, Wedelia, Fleurya and, in open areas, the sedge
Fimbristylis, and associated grasses such as Lepturus. Sometimes this
growth is choked by the parasitic vine, Cassytha. This ground cover is

rich in insects, the undersides of Vigna leaves being heavily infested with |

the Micronesian red spider mite (Tetranychus), Vigna and Fleuryae being é

spotted‘and withered by the hopping plant bug, Halticus, the grasses acting

as hosts for the cosmopolitan green plant bug, Trigonotylus, and Fimbristylis

harboring & remarkable community of true bugs including the herbivorous sedge

bugs, Ninus and Orthotyllelus, and Nysius picipes, Pachybrachius nigriceps

and Pachybrachius pacificus, and the predaceous Nabis capsiformis. That the

lone predator is not sufficient to keep this association in check is attested
by the enormous numbers of 1nd1v1duals present wherever the plants occur.
‘The Nysius is of partlcular 1nterest because it is found only on the islands

remote from air bases in the Marshalls whereas Nysius- pulchellus,- from Guam,

is found exclusively on Majuro and Kwajaleln. Presumably Nysius picipes is
an old resident in the Marshalls, yet it is indistinguishable from typical
Wake Island specimens.

' The Canopy Woodland. The richest zone on Arno occurs in the wider

parts of the islets where humus haq accumulated and breadfru1t grows. Here
one finds a dense growth of trees 50 and 75 feet tall with follage so dense
that the ground is shaded most of the time. Before the time of the present
inhabitante, taro piﬁe were dug in’euch places, thus.further augmenting the
&ccumuletion of humus and the maintenance of moist conditions. Here one

finds the buttressed trunks of breadfruit with epiphytic bird's-nest fefns,

& moss, Calymperes tenerum, a thick, low undergrowth of Polypodium fern,

and decaying logs with Polyporus and Schizophvllum fungi.
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" Here in decaying logs are wlre vorm larvae, steg’beetWe eduits and
larvae, termites, antg, Machllls and a large red Collembolan, wood roaches,
~ earwigs, predeceous rove beetles; and~other 1nvertebraues suen”as scorpions,
pseudoscornions, centipedes, eartnrorns,'isopods, and millipedes, as well
as land snails of several species. On the fungl grow1ng on the logs are
fungus beetles (Ciidae and Endomychldae), fungus gnats (Mycetopnllldae),
and various predators that take advantage of such 31tuations. Fallen logs
are one of the most profitable foraglng places for 1nsectrvorous skinks and

birds. -
Tree holes are frequent;in this;part of the foresiuend uater stands in
fhem for considerable'neriods: in thls microhabltat tbe endemic Marshalrese

mosqu1to Aedes marshallen51s, breeds. The eggs are laid at the Water 8

edge and the pale larvae feed on the vary spec1al tyre of organic mat ter at
the bottom of such small bodies of water. That the mosqu1toes thrrve 1n
spite of thelr rather restrlcted habltat 1s attested by the large numbers
of individuals, yet these mosoultoes are of such retlring habits tbat they
are seldom troublesome and only caused serlous trouble during World War IT
when, on neighboring 1slands, dengue fever broxe out. This mosquito, being
an efficient vector, had to be controlled but only in the vicinity of
military installations because it has a short fllght range. |

Taro pits provide one of the most intrrguing‘problems for the biologist.
Surrounded by luxuriant tropical vegetation; these bodies of shallow water
should, by all mainland standards, be teeming w1th llfe. Yet they are al-
most devoid of insects. A fresh water snall is alrays common but this is
all that meets the eye at flrst glance. Mayflles, caddls flles, and all of
the numerous water beetles and bugs are absent. Closer inspectlon reveals

blood worms in the mud, from which a few mlages emerge, the remainder
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forming the basic, and in some instances the only, diet of the dragonfly
naiades. These fierce predators with their extensible labia and powerful’
jet propulsion are quite the fiercest animals in the weter and at least on
Arno, are overadapted to their particﬁlar niche. The only other arthropod
of any consequence in fresh waters is & reddish shrimp which was found
occasionally.

The extremely depauperate fresh-water fauna is not surprising when
one considers the nature of a coral atoll. Arno has a relatively heavy and
uniform rainfall and therefore fares better than most atolls. Typically,
fresh water is scant and seasonal 6n coral atolls and fresh-water-life must
be hazardous indeed. Even on Arno, the only endemic of aquatic habit is
the tree-hole mosquito. The dragonflies are all strong-flying immigrants
and the othéf forms may be accounted for By'écciaental tfansport of rela-
tively recent date.

Adult dragonflies‘are swift fliers and are seen more in the open forest
where'they hover or dart about capturing gnats;and other small insects on
the wing. The slower and more fragile damselflies were seen only in the
vicinity of the taro pits on the widest part of Arno Island. Damselfly
naiades were not seen but drdgonfly naiadeé were common in wells, cisterns
and taro pits where they undoubtedly eke out a precarious existence in the
face of occasional hurricanes and the ever-present danger of drought.

" Herbivorous insects are not conspicucus in fhe canopy forests but

névertheleés are abundant, a large red corizid bug occurring on Allophyllus

and the bird's-nest fern (Asplenium nidus), a small but spry spider mite
on breadfruit leaves and a host of small saprophytic end parasitic insects

in fallen rotting breadfruit, as in the rotting Pandanus fruit. The pro-

ductivity of one rotten breadfruit in terms of individual Drosophila flies
is enormous.
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.. Insects and Native Culture

Qertain insects such as lice: and bted bugs have'aCCOmpanied man in all
of his wanderings. The islandvpeoples;were no exception to this end iﬁvis
certain that numerous species even: less intimately associeted with man than
the zbove stowed away in native cances. In this way, no doubt, the cosmo-
politan;housezfly and its.chief enemy, the predaceous Hermetia fly, came
to Arnoggnd a1so the Australasian and Oriental ccckroaches, various ants,
the rotten-fruit insects and the scale iansects, mites and aphids‘wh;éh
g;e_éttached to the coconut, breadfruit, Pandanus, banana, taro,'arréwrdét;
papaya and lime trees. Also to bg classed as a silent hitchhiker is the |
notorious dengue-yellow fever mosquito whose larvae have traveled over the'
entire tropical world in drinking_watér.< On Arno, as elsewhefe, this
species is so closely associatéd with man that it is found dhiy in.énd
aropnd houses and breeds in the. cisterns and other drinking water containers,
leaving the tree holes of the forest for the closely related Marshallese
mosquito. | | | |

Termites attack man-made structures as well as native ﬁoodé Sh ifnogaé'
elsewhere in the tropics. . Four species, each belonging to a separate‘génué'
and each harboring distinctive Protozoa in its gut, were found on Arno. .
Without the Protozoa termites have been shown to be iricapable of utilizing
the dry cellulose of dead wood as nutritive material.

Thig'is only a partial 1list of the camp followers of men in the Pacific.
Nevertheless, it is a formidable array and tauses one to wonder how itrié
that life is so pleasant on Arno. The fact is that none of these peéts,-ex-
cept possibly the house fly, is sufficiently numerous to present a real:
Problem in the daily life of the natives;ﬂ-I; fact Arno is singularly free

from such notorious scourges of the tropics as the coconut ﬁoth, the coconut
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beetle, the Oriental fruit_fly, locusts, etc. Even the ubiquitous copra
beetle was not seen..

Agrlcultural Pests. At the tlme of our study there were no agricultural

pests of any signlflcance on Arno. This is a situation alm9§pAW;Ppou§ para-
1llel elsewbere‘in}the world. The reésqns for this happy state of affairs

are complex. First, the nﬁﬁﬁér of érops is small and includes only those
specxes best adapted to the COndltlons on a coral atoll. On Majuro, where
beans and sweet P0§a§0?3 are grqwn, hopplng plant bugs (Haltipus) and mealy-
bugs are very numefouswgpd destructiyg. Perhaps of_grgater importance,

there is no intqnsivg;agripulture on Arno, the staple?qqqongts, Pandanus,
bregdfruit and taro‘growing with little or no‘cultiva?icp_gng,nexcept in

the case of breadfruit, existing in amqgnts in excess of the actual. needs .
of the population; The breadfruit being_seasonaltgndﬁespecially ﬁavored as
food, ig more ful}yvytilized,.though no gpparenp qttemptnis made‘to plant
néy trées. Qply bangngs_arq planted in dense.spaqu'agq_theseﬁgre‘p;qﬁeqted,
as youﬁgvshoéfs? from pigs. finally, the low levglan ;nsect pests,@ust,bg
attributed to the particular ecological relaiionship that ggigts on Arno
between herbivores and_predators.‘\Normally, herbivo;es fgg outppmper pre-
datoré in an animal community._ On Arno, however, nrofected habitats are.

few and predaceous insects and vertebrates (malnly skinks) are exceedlngly ‘
numerous (see Report 5&.Mar5hall) Thus we have a 51tuat10n 1n whlch thezh’
populatlon level (equ111br1um) of 1nsects of agricultural crops is below

the threshold of economic damage. e

Ectoparasites. This subject was investigated by Dr. Marshall. A list

of the parasites, both external and internal, of pigs, chickens, dogs and .

cats appear in his Repo;t. “Bgth phe“house_rat_quﬂthe“Polypesian rap were
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found on Arno and both were infested with lice (Hoplapleura) snd two species ,
of parasitic mites (Laelaps). Herons were infested with parasitic flies
(Ornithoica) and mites, noddies with bird lice, Austromenopon, hippoboscid

flies, and mites.

Igsects in relation to health and sanitation. On Arno there are numer-
ous insects and other invertebrates that affect the health of man either
directly or indirectly. Scorpions and centipedes are much feared by the
natives. Although we cannot say from experience, the bite of a centipede
or the sting of a scorpion are usually of the samerorder;of severity as
a bad beg sting. Certainly scorpions and centipedes:are’sufficiently conmon
go that their poisonous effects are experienced rather frequently. It seems
safe to assume,_bowever,-fhat the natives' fears are exaggerated, on the
basis of experiences. elsewhere in the . tropics.

The most serious arthropod bite in most parts of the world is that of
the black widow spider. This spider has been reported from nearby islands
in the Marshalls btut we found none on Arno. Likewise we found no ticks,
chiggers or fleas. o
o A rather unusual pest of man in the Marshalls is the so-called "Bso.in
jekaro" (BIRD IN THE JEKARO),.a 3/4—-inch, yellow oedomerid beetle with
strong cantharitic poisoning properties. It c;mé readily to night lights
on Arno and Waé found .on several occasions flying in cloudy weather. Every-
where we heard the same story: that it was strongly attracted to the
"jekaro", the sap from the inflorescence of the coconut, while the latter
was being tapped. If a "Bao" falls into the sap and is eatén or swallowed,
it produces kidney disturbances, which are well-known aftermaths of can-
tharidin poisoning. If crushed on the skin, it would produce a blister--

88 we discovered from personal experience. Crushing an individual
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experimentally on the forearm produced a wheal about the size of a guarter
and a blister which broke after a couple of days.

The ectoparasites of mén on Arno include lice and, presumably, the
tropical bed bug, although bed Bugs were foﬁﬁd only on Majuro. The appar-
ent absenée of bed bugs on Arns is remarkable, since the natives say that
they were found during the Japanese occupation. Whatever their true status
may be they were certainly not conspicuous on Arno during the period of
our study.

Licé, on tﬁe'other hand,iare rather common, especially head lice, and
the natives ehgage in a louse-catching ceremony. There is no evidence of
louse-borne typhus fever and this disease would not be expected in such a
comparétively cleanly people in the tropics where excessively heavy, tight
clothing is unknown.

Three mésquitoés are commonly encountered on oceanic islands in the
Pacific, the common house or night-biting mosquito of the tropics, Culex

quinguefasciatus, and the two day biters, Aedes aegypti and Aedes marshal-

lensis. The first of these, although found on most islands 6f/the Pacific,
was not fouhd By us on Arno, much to our surprise and pleasure, since it
was not necessary to use our bed nets. However, night-biting mosquitoes

have been reported by others. The pantropic dengue-yellow fever mosquito,

Aedes.aegypti, is common, but only in the immediate vicinity of human»habi—
tations. As is the case elsewhere in.the world, this species, originally a
tree-hole breeder in'Africa has adepted itself to the human race even more
intimately than most of our domesticated snimals.

The eggs are laid at the water's edge in the concrete cisterns and

other drinking water receptacles on Arno. The wary larvae are bottom feéders,
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swinging with sthapgd;movemgnts from surface to bottom to provide for

tﬁeir eonstant nggd fpp,@ir‘pn the one hand and food on the other. Adults
have silver-banded iegspand lyre-shaped markings on the thorax. We found
fhem ¢9mmonly in:hqqses,.including our laboratory, where they lurked be-
neath tables and in dark corners biting surreptitiously around the wrists
gﬂd ankles, '

A Dengﬁe feveyrh§s been reported from the Marshalls,.yellow fever has
'ndf. Neither disease is endemic so the only danger lies.in the introduction
of the virus in a human carrier, an unlikely event since.thé .carrier would
.ﬁavé to'tgavel from the point where he was infected .to Arno ‘wiithin the in-
cﬁbétiqp éeripd‘of the disease and be bitten by é local mosquito on or
éﬁou#_the time of the onset of the disease. In spite of this intricate
vtiminé; dengue brdke out on various islands in the Marshalls and Gilberts
during World WngII and the possibility of reiniroduction” should not be
;véflééked in establishing quarantine regulations..: i

” ‘The native Marshallese mosquito is also a day biter -and a close rela-

iti?evof the dengue-vellow fever mosquito (they both belong to the same
subgenus, gigggmxig)f This is a tree-hole breeder, the larvae which look
and act like aegypti larv;e superficially, occurring in water-Iilled holes
4in breadfruit and other trees and in coconut half shells in the canopy
forest of Arno. Adults swarm atout when one siends still in the shade of

& oreadfruit tree but they are not vicious biters. This svecies belongs

to the so-called "Pseudoscutellaris Group", pseudsscutellaris being a

vector of non-periodic filariasis in Fiji and Samoa. We saw no evidence
of fileriasis on Arno (the chronic form known as elephantiasis is con-
splcuous in some parts of the Pacific).

-16-



Two groups of insects, the cockroaches and house flies, are of impor-
tance in general senitation on Arno. The cockroaches, although exceedingly
abundant, are less conépicuops because of their nocturnal habits. The
night-feeding skinks and ggckoes eat large numbers of these but the popula-
tion is still sufficient so that a certain amount of contamineation undoubtedly
takes place,

Far more importent hygienically, in fact the chief agent other then
man himself in trensmitting enteric disease organisms, is undoubtedly the
house fly. AIhis cosmopolitan pest occurs.in enormous numbers on Arno. It
is somewhatlsmaller and darker than mainland forms‘but is nonetheless abun-
dan}'agd pothersome. But for this pest Arno might well qualify as the
"paradise“_so frequently extolled in tourist posters. The combination of
unscreened privies, defecation in exposed intertidal areas, unscreened
houses”and.unprotected food, constitutes an' "ideal" .situvation for the
partiqu}ar kind of contamination to which the house fly is:adapted. There
is little doubt that the incidence of amoebiasis as given in Marshall's
Reﬁort_is;attributable‘in part, at least, to contamination of this type.

Aside frqmvthe pbv;pusly favorable breeding places, the . large numbers
of‘house fiies‘may be attributable to the comparatively few natural enemies.:
Skinks cannot catch flies &s readily as some other. insects. There is an
efficient larval predator, the larva‘of the large Hermetis fly. . This

largest fly on the island was found at all times in and about privies but

unfortunately does not reduce the population of house flies effectively.

Interrelations of Insects with Plants and Ahimals of Arna
The "food cycle" (Elton) or "food web" (Allee, Emerson, Park, Park,

Schmidt) becomes exceedingly complex, even for a small association. However,
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an attempt has been made to show in ths accompanying Tables (I~-V) some of
the food chains as they exist on Arno. Unfortunately, uant*taflve data
on insect populations are not available so calculations of blomass are not
possible. However, it may be accepted as a basic premise and this,waé con-
#irmed in a general way by field observations, that the herbivores of
small size were most numerous in individuals. The role of each.spgcies
listed in the food chains is indicated by appraopriate letters as follows:
herbivores (H), oredators (Pred), parasites {(Par), -Saprophytes \Sapr), and
“scavengers (Scav). In general; species are listed in order, starting with
- groups of herbivores, then prcceeding to scavengers and then to succegPive
A.groups of predators, members of each group preying on memberslof preceding
groups. The departure from this scheme:in Table V (The Human Comfunity)
is self-explanatory. e

It is noteworthy that most of the food éhains,end.wit lizards. This
is a partial explenation for Marshall's statemenﬁ that lizards (tﬁe blue-
téiléd skink in particular) are the the most nuymerous land v?rpeppates on
the atoll. This does not mean that the skinks.have no.enemiés‘fo: they
were eaten on occesion by cuckoos, herodns, "¢hickens and ev;n by a land
'crab,:Gedgragsu . However, none of these predators is generailyAdistributed
and hone depends primarily on lizards for food. .Theréfore the lizards are

.

relativel& free from predators. They do. have numerous endoparagites, in-
cluding stomach nematodes and rectal flagellates.

" The significance of these- data.from the viewpoint of atoll ecology is
that the majorlty of the food chalns are 1ndependent of man. Only in the
immediate vicinity of villages is the pictu“e glgniflcantly altered and in

such places man enters the basic atoll food chains mainly via chickens and

pigs. Aside from this, man has moved 1nto the atoll biota and made his own

niche.
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; i Origin, Dispersal, and Speciation

The origin of the fauna and florae of Arno is lost in antiquity but it
is possible to piece together in a general way‘fhé”ﬁrbbabie'history on the
pasis of present day observations and ceftain Ibgical inferences.

First, if one of the presently accepted theories of formation of coral
atolls is trve (see Wells' Repbrt); then the insécts and all other animals
and plants must have reached ‘Arno fortuitduély, that is, by accidental trans-
port. Various types of overseas' dispersél’are knowmn to occur (see Zimmermén,
Ins. of Hawaii), amoﬁé ﬁhich'hre wind and convection currents of the air,
birds, refts of debris carried by ocean éﬁrrenté, native cenoes and, more
recently, trading boats and'airplanes.- ' Probably all but the last of these
have contributed to the present biota of Arnmo. ' While it‘ié difficult -
definitély'to attribute the bresence'of a partiéulaf‘épébies to a éertéin
type of diSPersal,‘here again ‘we have certain facts and certain lbéiééicwﬁ B
inferences to go on. V |

Certainly the insects &ssociated with man; such as licé, cockroaches,
and the house fly, camé with man and probably with early man in native
cenoes. The dengue-yellow fever mééQuito'wéS'prdﬁably & more recent fm-
migrant, since its dispersal elsewhere'in“thé°P§¢ific'(Haﬁaii;ﬁUSiﬁéerj::Q“J
is known to be associated with ‘the voyages of exploration éhd;pféfifééfiﬁgd;
during the 19th century; . A :

" Insects which are attached to breadfruit, 00cdnut,‘PéndéﬁUS;’affdﬁ—"”:
root, banana, and lime (e.g., scale insects, aphids, etc.) éurély:éamé with
these crops when they were introduced by the ‘natives. -

‘Many inseéts of smell size have been collected at high'eleQatibhsn(a o

mite at 30,000 feet, for example) in & study of several years' duration
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(Glick). Especially during tne infrequent but vioient hurricanes, small
forms, vhether winged or not, must have been tlown to Arno. Stronger fly-
ing insects such as the dragonflles and the monarch butterfly, we know are
capable of long dlstance Pl1ghts, arded no doubt by the wind. Thus Anax
has flown to ships at sea and readlly establlshes itself on remote islands,
wherever fresh water is to be found Similarly, the;monarch butterfly,
though absent when Jts mllkweed host is wanting, arrives soon after the ac-

‘cidental or deliberate establishment of Ascleplas curassav1ca.

Though rafts may be necessary to account for endemlc skinks, many of
the anlmals which present apparently insuperable problems of dispe”sal (e g.,
land snalls, w1ng1ess weev1ls, etc.) could have been transported on the feet
of migratory b1rds (ulmmerman)

Beyond a certain point this type of reasoning Eegenerates intoy}@le_
Speculatlon amd is of little or no use to anyone. However, it is instrucfu
tive to carry the analv31s as far as possible in order to plece together -

the separate parts that contributed to the present biota of Arno. To a

certain extent the same sequence of eventg can be traced when a new 1slet

is built up from reef to sano bar and thence, through eccumulet;on of vege-
tation, to a cemented and;sutsequently decomposed.suestrete cepable of
supporting life as we find it onpthe aensely covered islets,'dLiterally |
all stages in this succession:can be seen today. Butvtnis ts.not.tne end.
Acultural processes are proceedlng at an accelerated rate on Arno as else-
where in the world (see Mason's Report) and the blota is bound to change
too. In the long run this may be regarded as 1nev1table and tnerefore of

o particular concern. Howerer, the depauperate nature of the'biota‘(e.g.,

the small number of different kinds of plants and animals as compared with

8n equivalent mainland area) and of even greater importance, the disharmonic
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nature of the biota (e.g., the complete absence of certain types with con-
sequent gaps or ecologic veacua) mekes Arno peculiarly susceptible to dis-
ruptive influences. Furthermore, the limited economy of the people, based
as it is on so few crops, could be brought to a standstill by failure of
one of the staples. Hence, it is important to look to the future and try
to foresee immediate and long-term dangers which might ensue from the dis-
persal and establishment of noxious piants gnd animals from nearby or
farther distant islands and mainleand areas.

The most imminent cases of this kind sre on the neighboring atoll of
Majuro. Due to wartime activity and air tranéport, Majuro, and to an even
greater extent, Kwajalein and Eniwetok, now support several immigrant in-
sects which, if introduced to Arno via the native canoes or the copra boat,
~would prove to be detrimental to the nativgs. Foremost among these poten-
tial immigrants are the infamous migratory locust and a second, slightly
smaller grasshopper, the ﬁlack widow spider, the night mosquito, an
Odynerus wasp and a EEEEf In addition, bed bugs, fleas, the coconut
Brontispa beetle and the copra beetle are either absent from Arno or are
so scarce that we did not find them; Obviously an effort should be made
to prevent or delay their estéblishment or increase on Arno.

Serious pests from more distant islands of Micronesia include the giant
African snail, the Rhinoceros beetle (Oryctes), and a malarie mosquito, any
of which could peach the Marshalls from Guam or Saipan unless quarantine

regulations are strictly enforced.
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