Island Biology: We’ve Only Just Begun
Sherwin Cariquist
At the time I write this article, I have
just completed a scientific-style book on
island biology. Especially because this
will be my third hook-length essay on
insular plants and animals, and since it
overlaps very little with the previous
two, one might expect that I would
sense the massiveness of what biologists
have to tell us about life on islands and
would be overwhelmed by the enormity
of our knowledge.
Quite the contrary. I have been
impressed, instead, with the number of
topics on which I could report nothing
meaningful, or offer only speculation,
because we lack information. I have
repeatedly noticed numerous problems
on islands, problems that appeal to me
as basic and exciting. I have simul
taneously wondered why so few biolo
gists seem to want to work on them. We
are, today, in an era when “ecology”
and “natural history” are favored
words. Access to islands is far easier
than it has ever been, and island biotas,
many relatively intact now, are going to
be devastated soon to the point where
all we will have to study are shreds of
the marvellous fabrics of evolution that
inspired Darwin and Wallace, yes, and
so many other biologists as well. Even
forgetting this urgency, I am tempted to
and will. There are, of
editorialize
course, some biologists doing excellent
more about them
work on islands
later. Others might welcome the op
portunity to work on island areas. I
would ask those others, “Are you going
to inflict the narrowness of your dec
lared area of specialization on insular
biotas, or are you willing to let islands
open your insights so that you can ask
new questions, solve new problems, and
indulge in personal growth as well?” I
don’t mean to sound sarcastic; I only
mean that many discoveries yet to be
made on islands cannot be predicted,
and are made by the open-minded
biolo,ist.
One example that comes to mind is
the Darwin’s Finches and the history of
their study. We know that Darwin
reported on them in the Journal of
Researches of the Beagle voyage. About
—

The author is currently with the Claremont
Graduate School and Ranctio Santa Ana
Botanic Garden, Claremont, California 91711.

April 1972

80 years and several major expeditions
elapsed bet ‘een Darwin’s visit and that
of David Lack. One might wonder why
so much time had to elapse before
David Lack’s (1947) classic book, which
adds so much to our knowledge of these
birds. 1 would guess that Lack on the
Galapagos was a keen and imaginative
observer, who did not have preoc
cupations about what he ought to find
or what methods he should use. Rather,
he merely tried to find out all he could
about the Darwin’s Finches. Even so,
more remained for workers such as
Robert 1. Bowman to uncover and
describe. So I am simply asking, “How
many truly outstanding problems, like
the Darwin’s Finches prior to David
Lack’s studies, are still waiting to be
studied?” The answer I am obviously
going to give is that there are far too
many problems which have been studied
only in a preliminary way, and many
more studied not at all. The fact that
MacArthur and Wilson (1967) can
construct intricate mathematical models
of island situations involving integral
calculus does not mean that work on
or
islands is in a concluding phase
that we must all use mathematical
models now. It only means that those
two workers have explored one par
ticular way of looking at island prob
lems, and done well.
—

Evolution of
Insular Plants and Animals
First, I want to cite some examples
from the field of dispersal. This is a
basic problem, for if we don’t un
derstand how oceanic islands have be
come populated, we really can’t speak
meaningfully about the subsequent
evolution of plants and animals on
islands. A few years ago, I met a
graduate student at the University of
Hawaii, Carolyn Corn. She asked me
about potential research problems in
the Hawaiian Islands. I suggested she
might do some work on the chief forest
tree of the Hawaiian Islands, Metro
sideros polymorpha (M yrtaceae). This
genus occurs on many high Pacific
islands, although we don’t know how it
got there. However, botanists avoid the
Ha waii an Metrosideros populations
(they seem to hybridize a lot and

specimens are difficult to name). Merely
mentioning Metrosideros polyin orpha in
some quarters evokes despair or an
noyance. However, as a footnote, I
would like to say that a taxonomic
morass can be a great opportunity for
evolutionary study.
Metrosideros has small seeds, a fact
it
that suggests it can disperse easily
colonizes new lava flows in the
Hawaiian Islands, in fact. Studying
dispersal of this tree may not seem as
glamorous as studying problems that
involve spectrophotometers and elec
tron microscopes and computers. How
ever, Corn was apparently not in
timidated by the tendency to consider
studies in dispersal as old-fashioned and
out-moded, nor by the tendency to
avoid Metrosideros polymorpiia as a
research subject because it is complicat
ed. To fulfill requirements for a term
paper in an undergraduate course at the
University of Hawaii, she undertook
experimental stu dies on Metrosideros
polyinorpha seeds. She discovered, by
using homemade equipment or readily
available items (freezer, refrigerator).
that Metrosideros seeds can become
airborne in air currents of 5-19 k.ph.
Seeds can survive temperatures of -30C
for at least 6 hours. After soaking in
seawater for 39 days, then drying for an
additional 7 days, seeds can still be
germinated.
Corn has virtually explained how
this important tree spread throug:
out the Pacific Basin. lf seeds can
become airborne so easily, they can be
carried aloft into the high-speed a::
currents (up to 206.5 k.p.h.), knov.n as
jet streams, which travel from lndo
Malaysia to the area of the Pacific in
which the Hawaiian Islands are locate
The seeds can withstand the cold c
these air currents, which occur
9144-12,294 m. Seeds could then dr;
as these currents decelerate over te
Hawaiian Islands. Seeds could even drop
into the surf, be washed ashore, dry o:t.
be blown upwards to suitable sites, ani
Cc:n.
still germinate successfully.
without grant funds or special equ:
ment, has made a very important con
tribution to Pacific biogeography. Een
though it’s “just a term paper,” I ho.e
I feel it
she publishes this work
much more significant than many
—

—
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papers I have read in the field of Pacific
biogeography.
Of course, I would like to con
giatulate J. L. Gressitt, C. M. Yoshimo
to and their co-workers, whose studies
on aerial dispersal of insects (by
trapping in nets on ships at sea, in traps
on airplanes, or nets on land areas),
published mostly in the journal Pacific
Insects, have virtually proved how in
sects reached the Hawaiian Islands and
various other Pacific islands.
I would also like to mention some
very significant studies (Proctor, 1968;
Vlaming and Proctor, 1968) that show
how shore birds and waterfowl can, in
fact, cat and retain seeds (especially
moderately large seeds) for long periods
of time (hundreds of hours) under
experimental conditions, excrete them
in viable condition, and thus serve as
potential vectors for such seeds. I had
hypothesized (1967) that internal trans
port of seeds in shore birds and, to a
lesser extent, in waterfowl, must have
been responsible for introduction to the
native Hawaiian flora, because these
birds are both migratory and eat seeds
and other plant materials. The results of
Proctor and Viaming come close to
confirming this. Now, it would be
valuable to perform similar experiments
with the migratory shore birds that
actually visit the Hawaiian Islands
(bristle-thighed curlew, Pacific golden
plover, ruddy turnstone, sanderling,
wandering tattler), using fruits and seeds
of plants actually native to the Hawaiian
Islands (such as those of Dianella,
Coprosma, Santalum, etc.). With such
results, we should be able to prove just
about definitely that land-bridges to the
Hawaiian Islands are egregious fictions,
and that continental drift is completely
irrelevant where oceanic islands (and
perhaps many other situations) are
concerned. This seems extremely im
portant to me, despite the fact that
expensive equipment is not needed.
I recently supervised a seminar on
adaptive radiation. I was faced with the
ugly task of having to say to student
speakers that despite the wide and
intriguing ranges in morphology seen in
insular genera, we don’t have any
ecological observations on most of these
to show how these cases of adaptive
radiation “work,” or have evolved, and
so I couldn’t allow them to be presented
as examples of adaptive radiation (they
are examples that could be studied, of
course). We don’t know why there are
so many different sizes and shapes in
the Hawaiian amastrid snails. We don’t
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know the ecological requirements and
habits of many insular insect groups
that appear to have undergone adaptive
radiation. We don’t know the climatic,
elevational, and edaphic requirements of
plant species that are obviously prod
ucts of adaptive radiation (we find only
a few hints in good floras, none at all in
less complete floras).
Herre (1933) issued a plea for study
of the fantastic assemblage of endemic
genera and species in Lake Lanao,
Philippines, an assemblage that has
evolved in about 10,000 years. Ap
parently this call has not yet been
answered (Lowe-McConnell, 1969). We
know as much or less about this
remarkable example of adaptive radia
tion than Darwin knew about the
geospizid finches of the Galapagos. Will
we ever learn about their differing
ecological requirements, anatomical
modifications, etc.? And this is just one
of many examples I could cite.
Speaking of adaptive radiation, I
could meiion several plant groups that
show exceptional adaptive radiation on
islands. Among these are Echium (Bora
ginaceae) and Sonchus (Asteraceae) on
the Canary Islands and Madeira; the
Dubautia-Argyroxiphium-lVilkesia com
plex (Asteraceae) and many other
genera in the Hawaiian Islands. I have
seen some of these in cultivation in
California; some appear to grow success
fully only along the coast, some appear
just as healthy, if not healthier, at
inland locations. One could study the
tolerances of species in these groups to
various conditions, from coastal to
inland, in a locality like California or in
one of the archipelagos themselves. One
could employ a series of transplant
stations like those used by Clausen,
Keck, and Hiesey (to my knowledge, no
insular plants have ever been studied in
this way). One could, of course, use the
more precise and elaborate conditions
that controlled growth chambers or
“phytotrons” offer. For the first time,
we might be able to measure adaptive
radiation. We really do not know
whether some of these plants have very
broad or narrow tolerances, or what
extremes they can withstand, or what
adaptation to various island climates,
supposedly distinct in their “modera
tion,” constitutes. A planting of various
Echium species at the Rancho Santa
Ana Botanic Garden by Kornelius
Lems proved how interesting these
studies could be, although the untimely
death of Lems prevented full utiliza
tion of these plantings. During one

winter while the Echiums were in
cultivation, a sharp freeze occurred, and
showed dramatically that the species of
Echium differ markedly, corresponding
to their coastal versus upland native
habitats, in resistance to frost.
An intetesting by-product of experi
mental physiological work with insular
plants might be the demonstration of
how arborescence takes place during the
evolution of herbaceous or non-arboreal
plants under the relatively uniform
conditions of oceanic islands. When one
sees the ordinary cultivated cabbage
form rosette trees in islands such as the
Canary Islands or some of the West
Indies, one can imagine how we might
determine whether and to what extent
moderated temperature throughout a
year, lessened seasonal differences in
day length, or other factors could
induce increased woodiness.
Another series of insular problems
amenable to experimental approaches
include those of flightlessness of insects
on,islands. Although a few experiments
have been done, they are inconclusive in
nature and other conflicting con
clusions. We need to know whether
flightlessness on tropical islands derives
from such factors as restricted stable
habitat and geophily, such as Darlington
(1943) cited, or whether Darwin’s idea
that wind pressure plays a part is at all
operative. Does flightlessness of insects
on subantarctic islands involve factors
different from those invoked by Dar
lington, as Gressitt (1970) claims? Also,
the high proportion of flightless insects
on high equatorial peaks may have
explanations other than those that ap
ply on tropical islands. Cold tempera
ture might be a factor, for nightly
temperatures drop sharply on equatorial
peaks. Inability of insects to fly when
temperatures are lowered, once inves
tigated with cockroaches, could be
tested. Are flightless insects hardier, do
they have “greater vitality,” as Darlington claimed? This could be studied
easily enough, as could the supposed
effect of wind pressure. Why is there
sexual dimorphism in the subantarctic
moths in degree of wing presence
nearly fully winged in males, vestigialwinged in females?
—

Nature of Speciation
Experimental work of another sort
awaits enterprising botanists who might
be interested in the nature of specation
on islands and whether its genetic
modes are different from those on
continental areas. For example, Gillett
llioScience Vol. 22 No. 4

and Lim (1970) found that the
numerous Hawaiian species of l3idens,
when cultured and artificially crossed,
show virtually no sterility barriers. Ap
parently geographic isolation is basic to
speciation in this group. Is this true in
all insular groups that have speciated on
islands? One study is hardly a fair
sample. Recently, S. H. Sohmer (un
published manuscript) has suggested on
the basis of his experimental work that
charpen tiera (Amara nt haceae) species
on the Hawaiian Islands are interfertile,
but evidently are maintained as entities
by distinctive ecological preferences.
Are insular “species” different from
mainland “species?”
Likewise, although hybridization is
abundant in such insular floras as the
Canary Islands, the Hawaiian Islands,
and New Zealand, some of these hy
bridization events are recent, some
perhaps so old that they no longer
appear to be hybrids. One careful
analysis of stable hybrids, resembling
“species,” is that of Gillett (1966). We
obviously need many more such studies.
I do not know of any “progeny test”
work on natural hybrids on insular
areas; the degree of variability, segrega
tion to parental types, and fertility
would be interesting to know. The
modalities of reproductive biology may
be quite different on islands, but we
should have more than circumstantial
evidence.
Some plant species have clearly
diminished dispersibility on some
islands (especially Juan Fernandez,
Hawaii, Samoa), often in relation to
ecological shift into wet forest. Al
though this is morphologically visible in
increased seed size or loss of a mechan
ism like gelatinous coating on seeds, is
there also a concomitant shortening of
seed viability? Is fertility of insular
plants lower than that of comparable
mainland species, as appears to be the
case in some? If so, in which and why?
One phenomenon long ago noted by
botanists such as Joseph hooker is the
tendency for flowers in insular floras to
be relatively colorless
chiefly white,
green, and yellow. This must be related
to the fact th different pollinators are
available on oceanic islands as compared
to mainland areas, but we really do not
know any details of this story. The same
appears to apply to equatorial alpine
areas, but no one has compiled per
centages of flower colors in such an
area, to my knowledge (One would
expect special pollination difficulties in
the equatorial alpine floras). Likewise,
—
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flowers on certain islands, such as the
Hawaiian islands, New Zealand, and the
Juan Fernandez Islands are (with the
exception of bird-pollinated flowers)
relatively small in size and lacking in
fragrance. Is this related to absence of
long-tongued bees? We simply do not
know how most insular flowering plants
there are so few
are pollinated
observations. There have been a few on
the Galapagos Islands recently
those
of Linsey (1966), Linsey, Rick and
Stephens (1966), and Rick (1966).
Comparable work in the Hawaiian
Islands is very much needed, and would
yield much more interesting results.
Studies on pollination biology can be
time-consuming, but the information to
be derived on islands and on equatorial
alpine areas is potentially of great
importance in understanding the total
picture of evolution in these areas.
The reason for some notable gaps in
our knowledge of evolutionary nature
of island floras and faunas is probably
that most forays take the form of
collecting trips, rather than observation
sessions. While I could protest the
making of additional collections from
those areas already well-collected, the
lack of ecological information about
species is really a more important cause
for alarm. Labels on most specimens of
island plants and animals are, to be
kindly euphemistic, models of brevity.
One notes that, for example, the careful
observations on behavior of birds, landshells, and insects made by Perkins
(1913) during extended stays in locali
ties in Hawaiian forests have few sequels
or equals. If we are to understand the
adaptive radiation in a group, we must
understand its ecological requirements
and habits rather thoroughly.
In this regard, I would like to
mention the achievements of those who
have studied the Hawaiian drosophilids
(e.g., Spieth, 1968; Carson et al., 1970).
Here, there has been an admirable
combination of taxonomic work, field
studies, and laboratory work. This
synthesis promises to provide us with
some of the richest and clearest stories
of speciation in insular biotas. For
example, we now know on which
islands of the hawaiian chain origins of
species groups in Drosophila took place,
and which islands were subsequently
invaded and in which order (Carson et
al., 1970). Tlevcry curious “lek”
behavior of Hawaiian drosophihids
during mating could only have been
discovered during field studies (Spieth,
1968).
—
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Likewise, Zimmerman (1948) has
reported some very drastic shifts in
habits and habitats for Hawaiian insects.
For example, bugs of the genus Saldula,
typically aquatic elsewhere in the world,
arc arboreal in the Hawaiian Islands.
The damsel-fly Megalagrion oahuense,
unique among the Odonata, has nymphs
not aquatic but terrestrial. I have hypo
thesized in my current book that per
haps these transgressions into new
habitats may relate to the nature of the
Hawaiian environment. Lakes and per
manent streams are limited in extent
because of the porosity of Hawaiian
soils and rocks. There is sufficient area
for establishment of aquatic organisms,
but I would guess that further evolution
must perforce feature crossing of ceotones. This may be possible because the
Hawaiian wet forest is not really “dry
land,” but a series of quite wet microhabitats. Forest litter may be water-rich,
and the bark of trees, often dripping,
may in many cases be covered thickly
by mosses, liverworts, ferns, and lichens
which form wet pockets. In an
analagous way, three species of the
weevil genus Proterhinus have shifted in
the Hawaiian Islands from mining of
decayed wood to boring in living tissues.
One species has entered leaves of
,4stelia, an often-epiphytic liliaceous
plant; two others have entered leaves
and living stems, respectively, of the
saxifragaceous shrub Broussaisia. I am
guessing that transition to ..4stelia leaves
has occurred because of the contact
between Astelia plants and rotting bark
and wood. Likewise, in the case of the
Broussaisia weevils, perhaps they have
shifted because old Broussaisia shrubs,
common components of wet forest,
contain both rotting and living portions,
so proximity once again may have
provided the opportunity for “character
release.” Likewise, the tipuhid crane-fly
Lirnonia foliocuniculaior has abandoned
the soil, rotting vegetation, or water
typical of tipulids in favor of mining
leaves of C’rtandra (Gesneriaceae).
cyrtandra does grow in exceptionally
wet, shady gulches of the Hawaiian
Islands. Are the above hypotheses cor
rect for these interesting shifts in
habits? Field studies might show.
Likewise, we have other interesting
examples of changes in habits by
animals. The Philippine genus of skink
lizards Brachymeles shows an interesting
series in reduction of legs, from normal
to legless. We do not know what the
ecological requirements of the various
species are, and how different habits
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At any rate, islands remain the
marvelous laboratories of evolution
that Darwin and Wallace found them to
be more than a century ago. These
laboratories, however, have hardly been
used, in comparison to what they
offer. I could have expanded my listing
of important problems and questions
above by several times easily. While
some areas may appeal as very glam
orous (the GaIpagos Islands have re
cently been enjoying a tremendous
vogue, for reasons not entirely com
prehensible to me), a ss’ide variety of
islands deserve attention and offer enor
mous opportunity. I could also add that
islands are often truly delightful sites
for research.
References
Cariquist, S. 1967. The biota of iongdistancc
dispersal. V. Plant dispersal to Pacific
islands. Bull. Torrey Bot. Club, 94:
129-162.
Carson, H. L., D. E. Hardy, H. T. Spieth, and
W. S. Stone. 1970. The evohitionarv biology
of the Hawaiian Drosophilidae. in, Essays in
Evolutionary Biology in H onor of Theodo.
shis Donzhansky, M. K. liechi, and W. C.
Steere, (eds.), p. 437-543. Appleton
Century-Crofts. New York.
Darlington, P. J., Jr. 1943. Carabidae of
mountains and islands: data on the evolu
tion of isolated faunas, and on atrophy of
wings. Ecol. Monogr., 13: 37-6 1.
Gillett, G. V. 1966. hybridization and its
taxonomic significance in the Scaevola
gaudichaudiana COmplex of the hawaiian
Islands. Evolution, 20: 506-5 16.
Giilett, G. W., and E. K. S. Elm. 1970. An
experimental study of the genus Bidens
(Asteraceae) in the Hawaiian Islands. Univ.
Calif Pub!. Bot., 56: 1-63.
Gressitt, J. L. 1970. Subantarctic entomology
and biogeography. Pacif Insects Monogr.,
23: 295-374.
Herre, A. W. 1933. The fishes of Lake Lanao:
a problem in evolution. Amer. Nat., 67:
154-162.
Lack, D. 1947. Darwin’s Finches. Cambridge
University Press. Cambridge.
Linsey, E. G. 1966. Pollinating insects of the
Galpagos Islands. in, The Galópagos,
Robert 1. Bowman, (ed.) p. 225-232.
University of California Press. Berkeley and
Los Angeles.

Errata
On page 47 of the January 1972 issue,
the affiliation for Martin D. Brown
should be: Fullerton College, Orange
County, California, not California State
College.

In the section on New Titles (Bio
Science. 22(1): 60, 1972), the title of
the book by Seymour S. Cohen should
have read: Introduction to the Polva
mines, not Introduction to the Polymers.

Linscy, F. G., C. ti Rick, and S. C. Stephens.
1966. Observations on the floral relations of
the Galapagos carpenter bee (Iiymenoptera:
Apidac). Pan Pacif Ent., 42: 1-18.
Lowe-McConnell, R. 11. 1969. Speciation in
tropical freshwater fishes. Biol. Jour. l.in
tiacan Soc. (Speciation in Tropical Environ
ments, R. H. Lowe-McConnell, ed.), 1:
5 1-75. Academic Prs. London.
MacArthur, R. II., and F. 0. Wilson. 1967.
The Theory of Island Biogeography. Prince
ton University Press. Princeton, N.J.
Perkins, R. C. L. 1913. Fauna Hanaiiensis.
Introduction. Cambridge University Press.
Cambridge.
Proctor, V. V. 1968. Long-distance dispersal
of seeds by retention in digestive tracts of
birds. Science, 160: 321-322.
Rick, C. M. 1966. Some plant-animal relations
on the Gahupagos Islands. In, The Gal6pagos,

Robert I. Itosvrnan, (ccl.) p. 21 -2 24.
University of California Press. lleikelcy and
Los Angeles.
Souls, M. 1966. Trends in the insular radia
tion of a lizard. Amer. Nat., 100: 47-64.
Spieth, Ii. T. 1968. Evolutionary implications
of sexual behavior in Drosophila In. Evo!u.
rionary Biology, Vol. 2, f. Dobttiansky, M.
K. Ilecht, and V. C. Stcere, (eds.) p.
157-193. Appleton-Century-Crofts. New
York.
Vlamtng, V. L. de, and V. V. Proctor. 1968.
Dispersal of aquatic organisms: viability of
seeds recovered from the droppings of
captive kitldeer and mallard ducks. Amer.
Jour. Bar., 55: 20-26.
Zimmerman, F. C. 1948. Insects of Hawaii.
Introduction. University of hawaii Press.
Honolulu.

jpy
adds exciting new light to an old science

a’:.

-

-..•

The whole exotic world of micro
scopy—phase contrast at lOx and
40x obj., darkfield at 4x, lOx and
40x obj., brightfield at all powers
—at the flick of a wrist with the
new SWIFT Quodmaster Micro
scope. This precision-engineered
instrument provides high intensity
illumination (variable for photo
micrography), achromatic flatfield
objectives, widefield eyepieces
with high eyepoint, mechanical
stage. And because it carries the
well-known SWIFT lifetime war
ranty, you know it will give years
of faithful, rewarding research
service.
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AND NAME OF NEAREST DEALER
FOR DEMONSTRATION.
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