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Abstract - Surveys of Lepidoptera on Santa 
Cruz Island, California, indicate that the fauna 
of small to minute leaf mining moths from six 
families are proportionately better represented 
relative to the nearby mainland fauna, than are 
larger microlepidopterans (Tortricoidea and 
phycitine Pyralidae) or macrolepidopterans 
(Papilionoidea, Hesperioidea, Arctiidae and 
ennomine Geometridae). Collectively, 71% of 
the central coast leaf mining species occur on 
Santa Cruz Island; whereas in the other 5 
groups surveyed 30-62% of the mainland fauna 
are resident. Species with small adults or with 
larvae that feed internal ly occur in higher 
proportion than do large and external feeding 
Lepidoptera. In three well-sampled host plant 
genera (Ceanothus, Quercus and Salix) used by 
both leaf miners and butterflies, 87% of the 
mainland leaf miner species are recorded for 
Santa Cruz Island, whereas only 35% of the 
butterflies are present. W e postulate that this 
disharmony in species richness is due to the 
smaller areas required to maintain effective 
populat ions of leaf min ing moths, which 
enhances the survival rates of these minute 
insects in small patches of host plant. 

Introduction 

Two of the most consistent and conspicuous 
features of island biotas are that they have 
fewer species than comparable mainland areas, 
and those present comprise an unequa l 
taxonomic representa t ion of main land 
communit ies . Such unbalanced or 
disharmonious faunas and floras are most 
pronounced on distant oceanic islands where 
the species are derived almost exclusively from 

long-distance dispersal events (Carlquist 1974). 
However, impoverished species numbers and 
disharmonic biotas also occur on is lands 
situated near the mainland (Pie lou 1979; 
MacArthur & Wilson 1967). Some organisms 
are obviously under represented in is land 
faunas, for example, large vertebrates that 
require expansive home ranges, particularly 
predators, are rare or absent; and organisms 
that are poor dispersers, such as fresh water 
vertebrates, wingless insects and plants having 
propagules that are neither able to float for 
long periods nor adapted for transport by birds 
are lacking from distant islands (Thorne 1963; 
Williamson 1981). 

A quest ion that has not received much 
attention in island biogeography is the one we 
pose here : Is species r ichness un i formly 
depressed across taxa of similar biological roles, 
such as phytophagous insects wi th in one 
Order? On nearby cont inenta l is lands of 
moderate size, such as Santa Cruz Island 
(SCrl), the representation often seems sporadic 
and absences require subtle explanation. For 
example, the butterflies are the best surveyed 
group of insects on the California Islands; there 
have been only two additions to the SCrl faunal 
list during the past 15 years and both of these 
are widespread species which are characteristic 
of weedy habitats and are believed to have 
colonized recently (Powell 1981; Miller 1985). 
The re are 34 species recorded on SCr l , 
approximately half the number of resident 
species in a region of equivalent area and 
elevational range on the adjacent Santa Barbara 
coast (Miller 1985). 

W e expected commensurate levels of 
depauperateness for other groups of 
Lepidoptera (Powell 1985). However, after our 
fieldwork in 1984, which added 80 species to 
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Table 1. Species accumulation during recent surveys of Santa Cruz Island. Taxa arranged from largest mean size of 
individuals at top, to smallest at bottom of column. 

Total Species Added % Added 
Taxa Species 1979* 1984* after 1978 

Bombycoidea & Sphingoidea 7 0 0 0 
Hesperioidea & Papilionoidea 34 1 0 3 
Noctuoidea 116 8 5 11 
Geometroidea 69 4 3 10 
Pyraloidea & Pterophoroidea 74 0 5 7 
Tortricoidea etc.** 80 3 8 14 
Gelechioidea 102 1 34 34 
Tineoid & primitive leaf miners 73 2 29 40 

(includes Marmara, 3 spp.) 

* 1979: UCB, Feb.; SBMNH, May; LACM, June (5 days, 1 collector each) 
1984: UCB, May (5 days, 3 collectors). 

** Tortricidae (n = 46), Cossidae (2), Carposinidae (1), Sesioidea (3), Yponomeutoidea (7), Copromorphoidea (1), Tineidae 
(14), Incurvariidae (6). 

the inventory (15% of the total), we realized 
that spec ies r ep re sen ta t ion in smal l 
microlepidoptera seemed to be proportionately 
richer than the island macrolepidoptera fauna. 
This was because we found no new butterflies 
and few l a rge r moths, whi le the roster of 
Gelechioidea and leaf mining taxa increased 
dramatically (Table 1). The relative richness of 
species on the island is especially striking for 
leaf mining taxa. Here we compare the fauna of 
S C r l to that of the main land for se lected 
groups of Lepidoptera, emphasizing butterflies 
and primitive and tineoid leaf miners. 

Methods 

T o obta in an adequate census of 
Lepidoptera, three general approaches were 
employed: 1) observation and net collection 
during the daytime for butterflies and diurnally 
active moths, which are occasional members of 
all superfamil ies ; 2) nocturnal sampl ing at 
l i ghts ( incandescen t and u l t r av io l e t 
fluorescent), which attract larger moths more 
e f fec t ive l y than smal l m ic ro l ep idopte ra , 
especially in cooler climates such as prevail 
much of the time in maritime areas and 3) by 
searching for larvae and rearing them to adults 

Table 2. Seasonal distribution of Lepidoptera sampling on Santa Cruz Island, 1934-1984. 

Jan. 1-15 YU '73 Jul. 1- 15 — 

16-31 — 16-3 1 YU '67, '68, '70, '75 
Feb. 1-14 UC '79* Aug. 1- 15 LA'39; YU'68 

15-28 — 16-3 1 LA'39; YU'71, '74 
Mar. 1-15 UC '69*; YU '70 Sep. I- 15 — 

16-31 LA '4 1; YU '70; UC '76 16-30 U C '78 
Apr. 1-15 YU '70 Oct. 1- 15 — Apr. 

16-30 JG '34; UC '66; YU '70 16-3 1 YU '72 
May 1-15 UC'66 ,76 ,77* ; YU '70 Nov. 1- 15 — May 

16-31 YU '70; SB '79; UC '84* 16-30 — 

Jun. 1-15 UC '66; YU '70 Dec. 1- 15 — 

16-30 GG '78; LA '79 16-3 1 — 

* = visits in which leaf miner survey was emphasized 
Specimen sources: GG = G.A. Gorelick collection; JG = J. Garth (Hancock Foundation); LA = Los Angeles County 

Natural History Museum; SB = Santa Barbara Museum of Natural History; U C = Essig Museum, University of 
California, Berkeley; YU = Peabody Museum, Yale University. 
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Figure 1. Distribution of localities in the central coast of mainland California that have been sampled for moths, 1962-
1987. Open symbols = diurnal and/or nocturnal (blacklight) surveys for adults; closed symbols = leaf miner and other larval 
surveys; half-closed symbols = sampling for both adults and larvae, including abandoned leaf mines. 

in the lab. The last usually is the most efficient 
way to collect leaf miners and other small 
microlepidoptera, because the adults come to 
l i ghts only sporad ica l l y , and of ten the 
taxonomic state of species is too poor to allow 
identif icat ion of moths that have not been 
associated with their host plants. 

Lepidoptera that feed in the larval stage 
between the upper and lower epidermis of a 
single leaf are termed leaf miners. Min ing 
occurs in a wide diversity of families, at least 
in the early instars, and several families are 
cha rac t e r i z ed by hav ing l a rvae that are 
strongly modified morphological ly for this 
mode of life and are unable to survive outside 
the mine. 

Survey for the presence of leaf miner genera 
is enhanced by the characteristic form of the 
mine. Most species are host specific, and on 
any g iven p lant spec ies the mines are 
consistently dist inguishable for each moth 
species. Often occurrence of leaf miner species 
can be censused throughout the season by the 
characteristic 'calling card' left by the larva. By 
contrast, most other Lepidoptera are effectively 
collected only during a particular, often quite 
brief season, when either the larvae or adults 
are active. 

For purposes of this analysis, we defined 
central coastal California as the coastal plain, 
foothills and contiguous valleys, up to 650 m 
elevation, from Big Sur (Monterey Co.) south 
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to Palos Verdes Point (Los Angeles Co.) In 
southern California this zone extends inland to 
include the lower parts of the Santa Monica 
Mounta in s and other ranges in Ventura 
County and the western San Gabr ie l 
Mountains (Fig. 1). The limits of this range 
were in part defined by localities which have 
been sampled for Lepidoptera during the past 
25 years. 

Butterf ly data are compiled from Burns 
(1964), Emmel & Emmel (1973), MacNeil l 
(1964), Miller (1985), J . Emmel (in litt.), W. 
Swisher (in litt.) and University of California, 
Berkeley (UCB) ; records for pyra l ids and 
l a rge r moths were provided by He inr i ch 
(1956), McFar l and (1965), R indge (1949, 
1964, 1966, 1970, 1974a, 1974b, 1975, 1976), 
R. Leuschner (in litt.), Los Angeles County 
Museum of Natura l History (LACM) and 
UCB; tortr ic id records were from Powell 
(1964), R. Priestaf (in litt.) and UCB (open 
and half-closed symbols, Fig. 1). Leaf miner 
localities originated from D.L. Wagner and 
UCB (closed and half-closed symbols, Fig. 1). 

Status of Lepidoptera Faunal Survey 

Santa Cruz Island: Santa Cruz Island is the 
largest and biologically most diverse of the 
California Islands. It is linear, situated on an 
east-west axis, about 38 km long and 11 km 
across at its widest point and comprises 249 
km2 . The physiography is dominated by a 
central valley and two parallel ridges that reach 
elevations of 460 and 740 m. The history and 
status of Lepidoptera surveys on the California 
Islands have been reviewed elsewhere (Powell, 
1985). The flora of SCrl was perturbed by feral 
sheep and pigs for 100 years prior to any 
recorded collections of Lepidoptera, which are 
several butterflies taken by John Garth in April, 
1934. An attempt at comprehensive census was 
made by the LACM Channel Islands Biological 
Survey in 1939-1941, but SCrl was relatively 
neg lec ted , cons ider ing its size and 
physiographic diversity, with only a one-week 
visit in August by 3 entomologists, and a 5-day 

visit in March, by a lepidopterist, with limited 
collecting by 2 other biologists (Comstock, 
1939, 1946). These efforts produced records of 
about 90 species of butterf l ies and moths 
(Powell , unpubl. data). In 1966 Cal ifornia 
Insect Survey (University of California) trips to 
SCrI began, and a series of visits by C. L. 
Remington (Yale University) commenced in 
1967. W e estimate that >90% of available 
records date from the era since 1965. 

The seasonal distribution of Lepidoptera 
sampling on SCrl is summarized in Table 2. One 
or more collectors have worked on the island in 
15 of the 24 half-months, including about 26 
separate expeditions. Most of these efforts have 
been during the spring months, when most 
Lepidoptera are active, either as adults or as 
larvae dur ing the period of concentrated 
foliation. The weakest coverage has been during 
the fall, the activity period for some univoltine 
species. However , one 5-day vis i t in late 
September by four University of California 
collectors produced records of about 200 species. 
W e feel that the lack of visits in November-
December is of minor concern because this is the 
season of dormancy for most species and few are 
active only during this period. 

While some visits depicted in Table 2 have 
been limited to butterfly inventory, our efforts 
( U C ) have emphas ized var ious sampl ing 
methods, including larval collections. We have 
documented the larval mines and/or reared 
larvae of about 130 of the SCrl species, nearly 
25% of the Lepidoptera fauna. 

Searching for leaf miners has been carried 
out primarily from February to May (Table 2), 
when immatures of most species are present. A 
few additional species are expected later in the 
season. Several potential host plants that occur 
in wet canyons of the north slope and other 
remote areas, which we did not visit, need to be 
surveyed. Additional nocturnal sampling should 
be done in the mesic pine forest on the western 
part of the island. Nonetheless, we feel that the 
butterfly and moth fauna of SCr l has been 
suff ic ient ly surveyed to al low meaningfu l 
biogeographic comparisons. 
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To date we have recorded about 550 species 
of Lep idoptera on Sc r l . Th i s total is 
approximately equivalent to those compiled 
during 8-year surveys in suburban areas of 
Walnut Creek (Contra Costa Co.) and at the 
Big Creek Reserve (coastal Monterey Co.), the 
only other p laces in Ca l i fo rn i a where 
comprehens ive l ists have been compi led 
(Powel l , unpubl . data) . S im i l a r i t y in 
proportions in taxa of larger moths at Walnut 
Creek and Big Creek with SCrl, together with 
the modest species accumulat ion in these 
groups during recent island surveys (Table 1), 
suggests that butterflies and families of larger 
moths are >90% known. Smaller moth taxa are 
more d i f f i cu l t to assess because recent 
investigations have discovered many previously 
undetected species; however, on the basis of 
known potential host plants, we estimate that 
70-80% of the extant microlepidoptera fauna is 
recorded. 

Mainland Lepidoptera : An important 
question in any attempt to assess an island 
fauna is, what area of the mainland should we 
use for comparison? Logically the 'comparable' 
area might be a portion of the nearest coastal 
mainland of the same size and elevational 
range. However, even if we had a coastal area 
of Ca l i forn ia wi th the same e levat iona l 
characteristics as SCrl, the two would not be 
equiva lent b io log i ca l l y because one is 
surrounded by ocean, whi le the other has 
climatic and biogeographic influences of the 
mainland interior. Moreover, in Lepidoptera 
we do not have a comprehensive census of any 
one mainland region of the central coast, such 
that the kind of comparison made by Mil ler 
(1985) for butterflies can be extrapolated for 
moths. Therefore, we elected to contrast the 
fauna of a lengthy strip of the coastal mainland. 
There are biological considerations, in addition 
to pragmatic ones, for such a comparison. 
Raven (1967) estimated that at least 10% of the 
species of vascular plants of the California 
Is lands have main land d is t r ibut ions not 
adjacent to the islands, and the majority of 
those are nor thern species . A s imi l a r 

Table 3. Representation of primitive and tineoid leaf 
mining Lepidoptera on Santa Cruz Island (total number of 
records in parentheses). 

Taxa 

No. Species on 
Central Coast 

Mainland 
(330) 

No. 
Species on 

SCrl 
(224) 

% 
Species 
on SCrl 

Eriocraniidae 6 4 66.7 
Nepticulidae 20 15 75.0 
Tischeriidae 9 7 77.8 
Heliozelidae 7 5 71.4 
Lyonetiidae 12 10 83.3 
Gracillariidae* 44 29 65.9 

TOTALS 98 70 71.4 

* Excludes Marmara. 

proport ion of moths show this k ind of 
distributional affinity, with about 14% of SCrl 
species having disjunct ranges to the north 
(Powell 1985). Thus there is a justification to 
inc lude coastal areas to the north in the 
comparison. 

No loca l i t y on the main land has been 
thoroughly sampled. The best surveyed are Big 
Creek (Monte r ey Co. , ca. 30 co l l ec tor -
day/nights, March to October); Santa Maria 
dunes (San Luis Obispo Co., >30 collector-
days, 8 col lector-nights, February to early 
October); Goleta-Santa Ynez Mountains (Santa 
Barbara Co., >30 collector days/nights, March 
to July) and the Santa Monica Mountains north 
of Beverly Hi l l s (Los Angeles Co., macro 
moths only, 5 years continuous survey). These 
totals and the percent comparisons with the 
island fauna are based on data accumulated 
through March, 1987. W e believe that the 
pooled data for all the central coastal region 
represents a comparable census to that of SCrl 
(i.e., >95 % complete for butterflies and large 
moths, >90% for Geometridae, 80-90% for 
Pyralidae and Tortricidae and perhaps 70-80% 
for leaf mining families). 

Results 

Faunal Comparisons: For purposes of this 
discussion we limited the comparison of leaf 
miners to six families: four are primitive moth 
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taxa, within the Suborder Glossata (Kristensen, 
1984), Er iocran i idae , Nept i cu l idae , 
Tischeriidae and Heliozelidae; while two are 
famil ies of the more der ived T ineo idea 
(Suborder Ditrys ia ) , Lyone t i idae and 
Gracillariidae. From the last we excluded stem 
miners of the genus Marmara f rom 
consideration because the taxonomic status of 
the species is so preliminary that the degree of 
host specificity is unknown, and therefore the 
mines cannot be used as re l i ab le species 
indicators as in leaf miners. 

Among these six fami l ies , there are 98 
species recorded in central coastal California, 
represented by 3 30 co l lec t ion records 
(species/locality/hostplant). Of these, 70 have 
been discovered on S C r l (71 .4% of the 
mainland total; Table 3). 

By contrast, Miller (1985) listed 71 species of 
butterflies in the Santa Barbara region, in an 
area of comparable size and elevational range 
to SCrl . Three are vagrants or intermittent 
colonists (Pholisora catullus, Phoebis sennae and 
Nymphalis californica). Thus the 34 species 
reported on SCrl (Langston 1981; Miller 1985) 
represent 50% of the resident fauna of the 
adjacent mainland. 

In a few instances the missing butterflies are 
attributable to the lack of particular food plants 
on the island, but for most species the absence 
is not readi ly explained. For instance, the 

Western T ige r Swallowtail ( P a p i l i o rutulus 
Lucas) and the Lorquin's Admiral (Limeni t i s 
lorquini Bdv.), larvae of which feed on willows 
(Salix), are two of Ca l i fo rn i a ' s most 
conspicuous butterflies. They are prevalent 
along watercourses throughout coastal and 
foothill parts of the State, but neither occurs on 
any of the Ca l i forn ia Islands; nor do the 
ubiquitous species, Phyciodes mylitta (Edw.), a 
small nymphalid that feeds on thistles and the 
grass-feeding satyrid, Coenonympha California 
Westw. , both of which fly throughout the 
season in low elevation, often in disturbed 
habitats of the coastal mainland. 

To examine this discrepancy further, we 
compared four additional taxa of Lepidoptera 
that represent a range in size of individuals and 
larval biologies. The groups characterized 
below were selected because each is relatively 
speciose in the region and the taxonomy is 
su f f i c i en t l y wel l known that re l i ab le 
identifications can be obtained. 

Arctiidae (Noctuoidea): Most species are 
nocturnal and attracted to lights, but some are 
diurnal; both kinds are popular with collectors 
and hence well sampled. The larvae ('wooly 
bears ') are free- l iv ing, external feeders on 
foliage and often are polyphagous; members of 
one genus specialize on lichens. 

Geometridae, Ennominae (Geometroidea): 
Nearly all are nocturnal, attracted to lights and 
have been collected extensively in central 
coastal California by specialists. The larvae are 
f r ee - l i v ing , externa l feed ing ca te rp i l l a r s 
('inchworms'), most of which are believed to be 
relatively host specific. 

Pyralidae, Phycitinae (Pyraloidea): Mostly 
nondescript, gray, nocturnal moths that are 
attracted to lights and collected primarily by 
specialists. A few species are concealed feeders 
on foliage in tough, silken shelters; but the 
larvae of most species feed internally. SCr l 
species feed in flower heads, seed pods, cones 
of conifers, or roots of angiosperms, or in 
wood-rot fungus (Xylariaceae), scale insects, 
nests of social Hymenoptera and decaying fruit 
(Heinrich 1956; Powell 1967, 1981; UCB). 
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Table 5. Species richness of butterflies and leaf mining 
Microlepidoptera on Santa Cruz Island and the central 
coast of mainland California, compared by host plants used 
by three or more species. 

No. No. Lepidoptera % on 
Host Plants* Mainland SCrl SCrl 

Butterflies 12 53 23 43.4 
Leaf miners 7 49 45 91.8 

*Species, species-pairs or genera in dicots; Poaceae in 
monocots. 

Tortricidae (Tortricoidea): Mostly smaller, 
nocturnal moths that are attracted to lights 
and collected primarily by specialists. Larvae 
of ca. 55% of the species on SCr l feed on 
foliage of flowering plants, concealed in silken 
shelters, such as a leaf roll; the remainder are 
borers in flower heads, stems, roots or galls. 
Mo st are host spec i f i c ; about 12% are 
polyphagous. 

A comparison of species numbers on the 
central coastal mainland with those on SCr l 
(Table 4), reveals an insular representation of 
30-54% among butterflies (Papilionoidea and 
Hesper i io idea ) and l a rge r moths, which 
develop from free- l iv ing , external feeding 
larvae, s ignif icantly lower than that of leaf 
miners (71%). The two remaining groups show 
intermediate (62% in Phycit inae) and poor 
representation (41% in Tortricidae). 

W e believe the figures for butterflies and 
Arcti idae are nearly complete. One or two 
species may be added on either the mainland or 
SCrl, but probably the relative proportion of 
insular species will not change appreciably. In 
Geometridae, we expect that 30% is a low 
estimate because seasonal sampling by specialists 
on the mainland has been more comprehensive. 

T h e rema in ing groups probably are 
incomplete ly surveyed and we expect that 
additional species will be discovered both on the 
mainland and on the island. However, we doubt 
that more than a 10-20% increase will occur in 
any total or that the percent relationships will 
be altered significantly. Certainly there is no 
evidence to suggest that pyralids and tortricids 
have been sampled d i f fe rent i a l l y ; the 

Table 6. Species richness of butterflies and leaf mining 
Microlepidoptera on Santa Cruz Island and the central 
coast of mainland California, compared by shared host 
plant genera. 

Plants Butterflies Leaf miners 
Mainland SCrl % Mainland SCrl % 

Salix 4 1 25.0 7 6 86.0 
Ceanothus 6 3 50.0 8 5 62.5 
Quercus 7 2 28.6 23 22 96.0 

TOTALS 17 6 35.3 38 33 86.8 

discrepancy between their insular and mainland 
representation evidently is real. 

In order to avoid the problem of unsampled 
or differentially sampled host plant species, we 
compared butterflies and leaf miners that feed 
on well surveyed host plants known to be used 
by three or more species of the insects (Table 
5). In this instance, one 'host plant' is a species 
(e.g., Cercocarpus betuloides), a species pair (e.g, 
Quercus agrifolia/wislizenii ), a genus (e.g., 
Ceanothus) or for Hesperiidae and Satyridae, 
the family Poaceae. 

There are 12 of these hosts supporting 53 
species of butterflies on the mainland; 23 (43%) 
of these occur on SCrl, a proportion close to 
that of the island butterfly fauna as a whole. By 
contrast, 7 multiply-used plants are hosts to 49 
mainland leaf miners, more than 90% of which 
are present on the island (Table 5). 

W e also looked at plant genera that are 
shared by species of butterflies and leaf miners. 
There are three of these, Salix (Salicaceae), 
Quercus (Fagaceae) and Ceanothus (Rham-
naceae). Combined, they serve as hosts to 17 
mainland species of butterflies, but only 6 on 
SCrl, again a percent similar to the fauna as a 
whole. The same genera are home to 38 species 
of leaf miners in central coastal California, 33 
(86.8%) of which live on the island (Table 6). 

Discussion 

The data indicate that among phytophagous 
Lepidoptera , but terf ly and moth fami l ies 
cha rac te r i zed by l a r ge r ind iv idua l s w i th 
ex t e rna l l y f e ed ing larvae are more 
depauperate on Santa Cruz Island compared 
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to their mainland counterparts, than are leaf-
mining families. 

The presence/absence of host plants fails to 
explain the depressed richness of butterf ly 
species , but it is pa r t i cu l a r l y useful as a 
predictor of leaf miner richness. We know of 
very few coastal mainland elements that are 
missing from island plants. The leaf miner 
faunas of Rhamnus crocea and Primus 
ilicifolia/lyonii are intact (6 spp.) and Quercus 
agrifolia, which has the greatest species richness 
of any plant in Cal ifornia (Opler 1974), is 
nearly completely represented, with 15 of 17 
species on SCrl. The two missing members of 
this guild are characteristically low density 
species which may have been overlooked. 

A primary factor that determines the survival 
of species is effective population size, which is 
correlated with size of individuals and home 
range. The Lepidoptera on SCrl treated here 
range in forewing length from 2 mm (Coptodisca 
arbutiella Busck) to 55 mm (Papi l i o eurymedon 
Lucas) . Probab ly there is a substantia l 
discrepancy in the areas required by their 
effective populations, large butterflies using 
several ha and minute leafminers one or a few 
trees. Larger species presumably need more area 
of habitat for dispersal, mate location, location 
of suitable nectar sources, etc., than do tiny 
moths. The mere presence of the larval food 
plant is not the only, nor always the most critical 
requisite. Large colonies of leaf miners can exist 
on a single tree, and populations consisting of 
hundreds or thousands of individuals can subsist 
in relatively small patches of habitat (e.g., less 
than 0.1 ha), where butterflies and other large, 
vagi le species may not mainta in persistent 
populations. An example is the presence on SCrl 
of the leaf miner, Phyllonorycter fellinelle Heinrich 
(Gracillariidae), which lives on a few sycamore 
trees that were planted along the creek in 
Canada del Puerto in the 1930's. 

The larval biology is in part correlated with 
size of individuals and insular richness. Internal 
feeders tend to be smal ler and are better 
r epresented . But te r f l i e s , Arct i idae , and 
Geomet r idae are externa l feeders , whi le 

phycitine Pyralidae, which are relatively well 
represented, considering their size, are 90% 
internal feeders in the SCrl fauna. Tortricidae 
are either external feeders concealed in shelters 
(55% on the island) or internal borers and are 
comparatively depauperate. Among leaf miners, 
some tineoid genera are external feeders in the 
late instars, either concealed in a leaf fold 
(Calopt i l ia ) or exposed (Bucculatrix); by contrast, 
members of the primitive families treated here 
live within the leaf throughout larval growth 
and are better represented than the other taxa 
(Table 4). 

Historical Factors: Sources of impoverish-
ment include absence at the time of original 
separat ion from the mainland, subsequent 
extinction and failure to colonize. 

Genus level associations of leaf miners and 
their host plants are known in Miocene fossil 
equivalents of modern Nearctic oaks (Opler 
1973); hence, associations of leaf miners in many 
California trees and shrubs may be more ancient 
than is true in more derived Lepidoptera, many 
of which may have arr ived on the coastal 
mainland during climatic and floristic changes in 
more recent times. 

Restrict ion of the island size during the 
Pleistocene (Johnson 1978) presumably would 
have been more critical to survival of species 
that need more area than do those with smaller 
requisites. Extinction of some species also may 
have resul ted from destruct ion of natural 
habitats by human influence, particularly the 
effects of feral ver tebra tes and spread of 
introduced weeds, which have a l tered the 
extent of native plants on the island as well as 
on the mainland (e.g., grass-feeding species 
during extraordinary overgrazing in periods of 
drought). Such perturbance results in reduced 
populations of potential immigrant sources on 
the mainland and in smaller available host plant 
patches on the island, which lowers chances of 
colonizat ion and pers istence of colonists, 
problems that are more pronounced for larger 
Lepidoptera. 

Dispersa l is not wel l documented in 
Lep idoptera , but mark - r e l e a se - r ecap tu re 
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studies indicate that many butterf l ies are 
sedentary, particularly Lycaenidae (see Arnold 
1983; Keller et al. 1966), which account for the 
largest number (18) of absentee species among 
the S C r l but te r f l i e s . Hence , low rate of 
dispersal may prevent immigration to a greater 
extent than might be expected in l a rge r , 
seemingly vagile species, even though examples 
of long-distance dispersal over bodies of water 
are known for many butterfl ies and larger 
moths (Fox 1973; Toml inson 1973), 
microlepidoptera (Shaw & Hurst 1969) and 
even leaf mining moths (Smithers 1977). 

Hence, several factors are likely to play a 
role in the faunal disharmony that we have 
i d en t i f i ed . T h e s e i n c l ude : 1) h i s to r i c a l 
components of the island biota; 2) differential 
dispersal rates from the mainland species 
pool; 3) abil it ies to establish new colonies 
and, perhaps most importantly, 4) survival 
once e s t ab l i shed on i so la ted host p l an t 
populations. 
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