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ABSTRACT Specimens of Ambrysus mormon Montandon were collected from each of 3
widely separated populations that differed in thermal environment. For each population, 15
characters were measured from each of 10 individuals—for each of the 5 instars, adult males,
and adult females—to determine if interdemic differences exist in allometric development.
All 3 populations can be distinguished at each instar based on multivariate analyses, and all
instars and both sexes of adult are morphometrically distinct within each population. None-
theless, the magnitude of difference among populations depended on instur. Most of the
variation among individuals (>99.0%) was related to size and could be associated with differ-
ences among instars or between sexes of adult. In most cuses (40 of 42 anulyses), growth was
allometric rather than isometric, and regurdless of population, the direction of allometry was
consistent for a particular character (hody width and profemur length are exceptions). Al-
though the magnitude of size variation from lst to 5th instars and adults was similar in all
populations, interpopulational differences in allometric development occurred as well. Specil-
ically, the rate of increase in size of 6 characters (head width, pronotum length, profemur
length, mesotibia length. metatibia length, and metatarsus length) with respect to the rate of
increase in body length differed among populations developing at different temperatures.
Thus, overall shape differences existed ammong populations, and these differences changed
through untogeny. Because allometric relations consistently accounted for a significant and
large portion of interindividual variation, we snggest that autadaptation ruther than exadap-

tation has played a predominant role in the maorphological evolution of A. mermon.
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DEVELOPMENT, SYSTEMATICS, AND evolution have
endured a long and sometimes tumultuous asso-
ciation. Nonetheless, it is incrcasingly clear that
ontogenetic trajectories of morphology (Alberch et
al. 1979, Alberch 1980, Sites and Willig 1994a) can
provide incisive information about evolution and
systematic relationships (Kluge and Strauss 1985),
Although Blackstone (1987) rccently presented
conceptual shortcomings of morphometric studies
that were based on Huxley’s (1932) allometric re-
lation, such critiques have been shown to be an
aversimplification or te be of minor importance
(Bookstein et al. 1985, Strauss 1987, Sites and Wil-
ligg 1994a).

Conceptual Overview

Allometry can be conceptualized at 3 hierarchi-
cal levels: static, ontogenetic, and phylogenetic
{Cock 1966, Gould 1966). Static allometry refers
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to patterns of variation or covariation in morphol-
ogy among individuals at the same ontogenetic
stage; ontogenctic allometry pertains to patterns of
covariation among instars or stages, or throughout
a trajectory of continuous growth; phylogenetic al-
lometry focuses on character covariation among
groups at the same ontogenetic stage but repre-
senting different taxa, All 3 tvpes of allometry are
inextricably interrelated (Rieppel 1990).

Until relatively recently, the field of morpho-
metrics, or morphometry, primarily has focused on
univariate or multivariate analyses of characters as-
sociated with particular structures in adults, with
little attention to variation associated with life his-
tory. Nonetheless, adult merphology is clearly a
product of developmental changes orchestrated by
an interaction between the genome and the envi-
ronment {Raff and Kaufman 1983). The processses
that give rise to rnorphologicaI variation in adults,
as well as the structural changes that transpire dur-
ing development, are subject to selection, and thus
should contain useful systematic information (Kln-
ge and Strauss 1985, Willig and Hollander 1995).

Organisms that undergo discrete development
with fixed numbers of instars are ideal subjects for
morphometric analvses of all 3 types of allometry
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(Sehnul 1985, Klingenberg and Zimmermann
1992). Instars and adult stutes represent a priori
landmarks during development that obtain as a
consequence of orchestrated physiological, bio-
chemical. and anatomical dynamics, even if the sta-
dia that precede them are of different durations.
Moreover, after initial cuticle hardening, changes
in size or shape during a particular stadium are
minor and restricted by cuticular inflexibility.
Hence, morphometric comparisons of instars (in-
clading adult males and females separately), as
well as the size and shape changes that generate
them, should be of considerable evolutionary sig-
nificance. Final]y_ allometric variation can arisc in
a number of ways {Fairbairn 1992). For example,
ontogenetic allometry can result as a consequence
of selection acting primarily on overall size, with
attendant changes in shape resulting hecause of
physiological and mechanical constraints or as a
consequence of differential responscs of different
structures to the same environmental pressures.
Alternatively, selection acting on body shape may
be assaciated with overall changes in size because
of pleiotropism and genetic correlations.

Entomological Overview

Most research concerning allometric growth has
focused on vertebrates; consequently, insects have
been somewhat neglected (Junder and Jander
1994}, Studies of morphometri¢ variation during
developtnent in insects was pioneered by Matsuda
in a scries of contributions concerning gerrids
(Matsuda 1961a, b, 1962a; Matsuda and Rohlf
1961) as well as belostomatids and reduviids (Mat-
suda 1962b). Although intraspecific differences in
relative growth rates of mensural characters is well
understood for certain structures {for example,
head versus body size), details concerning morpho-
genesis (allometric relationships and developmen-
tal trajectories) and the magnitude of morpholog-
ical differences among populations of con-specifics
have not been addressed for members of many he-
mipteran lamilies, including Nuucoridae. Since Mat-
suda’s allometric studies, work concerning static,
ontogenetic, and intra- and interspecific phyloge-
netic allometry has been reported for some he-
mipteran taxa, For examp]c, in studies of ontoge-
netic allometry, Cuzin-Roudy and Laval (1975)
used multivariate statistical procedures to examine
growth pattern in Notonecty maculuta F. (Noto-
nectidae). More recently, Sites and Willig (1994a)
examined differences in developmental relation-
ships among & taxa of Naucoridae and proposed
use of principal components analysis to illuminate
ontogenetic trajectories as a means to infer evo-
lutionary relationships in systematic studies. In
studies ol phylogenetic allometry examining intra-
specific morphometric variation, Jansson and Pa-
junen {1978) found that pupulations of Aretocorise
carinata (Sahlberg) (Corixidae) formed distinet
groups corresponding to either gross habitat type
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or geographic distribution. Tn a taxonomic contri-
bution, morphometric analysis of 10 populations of
Gerris costae {Herrich-Schaeffer) (Gerridae) sup-
ported the continued recognition of 3 previously
delincated subspecies (Klingenberg 1992). In an
analogous interspecific study of phylogenetic al-
lometry, Sites and Willig (1994h) determined that
shape-rclated variation among 22 species of Am-
brysus (Naucoridae) did not support the continued
recognition of cstablished subgenera. A modicum
of other reports exist comparing allometric attri-
butes of diflf)'crent species of Hemiptera,

Although it has been well documented that tem-
perature affects developmental rates, few studies
have addressed variation in allometry among pop-
ulations of conspecific insects from different ther-
mal environments. Herein, we define ontogenctic
allometries for each of 3 populations of Ambrysus
mormon Montandon, and compare aspects ol size
and shape among populations for each instar.

Materials and Methods

Ambrysus mormon is the most widespread spe-
cies of the genus in the United States, occurring
from sonthern Oregon and Idaho, south through
the western states to Mexico. Three currently rec-
ugnized subspecies oceur within the United States.
Two are local, geographic isolates, whereas the
nominate subspecics occupies an extensive range
through much of the western U nited States. Sub-
specific designations of the U.S, fauna are equiv-
ocal, as RWS. demonstrated (unpublished data) a
lack of correspendence between shape and cur-
rently accepted subspecifie affiliations in 13 pop-
ulations of A. mormon.

Three geographically disparate populations were
collected from streams that were characterized by
widely different (=10°C:) mean water temperatures
(NEW MEXICO popnlation, Lincoln County, Rio
Hondo [12.0°C]; IDAHO population, Owyhee
County, Bruncau River [22.5°C]; and NEVADA
population, Clark County, Warm Springs [32°C).
Each population comprised specimens of the nom-
inate subspecics. For analytical purposes, we rec-
ognized 7 groups within each population: instars 1
through 5, adult males, and adult females. Mor-
phological characters werce measured on 10 indi-
viduals per group, although for some instars of the
Nevada and New Mexico populations, fewer than
10 specimens were available, Morphological char-
acters assessed both size and shape by including
length and width of the body and head, as well as
length of leg segments; elsewhere, these 15 char-
acters provided effective interspecific discrimina-
tion among a variety of naucorid taxa as well as
intraspecific discrimination among groups (Sites
and Willig 1994a, b). All measurements were In-
transformed to facilitate correspondence with as-
sumptions for multivariate assessment of geographic
variation or to provide variables for allometric re-
gressions. All analyses were performed using SPSS
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statistical software (SPSS 1986G). Voucher speci-
mens are deposited in the Wilbur R, Enns Ento-
rr|0|ngy Museum, University of Missouri—-Colum-
bia.

Populational and Age-Specific Variation in
Mensural Characters. Two—way multivariate anal-
ysis of variance (MANOVA] was performed to de-
termine if significant differences existed amon
groups or populations (Willig et al. 1986, Wllhg
and Gwen 1987}, Discriminant function analysis
{DFA)} maximizes intergroup dilferences, while si-
multaneously minimizing intragroup dispersion, by
(‘!t)nstrn(:ting a linear combination of variables on
each of a number of orthogonal axes. Multivariate
F-tests associated with DFA were used to assess
significance between all possible pairwise compar-
isoms of groups within pupulations. The snbse-
quent classificatory phuse of DFA then assigned
cach individual to a group based on its position in
discriminant space. Percent of correct assignments
was used as an additional measure of morphomet-
ric distinction for that group.

Allometry and Ontogenetic Trajectories, Al-
lometry represents the manner in which 1 char-
acter (Y) leng,es with respect lo varialion in an-
other character (X). The general lorm of the
relationship (Huxley 1932} is

Y = ox
in which C and z are constants fitted by least-
squares analysis. Its logarithmic form gives rise to
a linear relation

mY=mhC+zlnX

in which In € and = arc the y-intereept and slope,
respectively (Sncath and Sokal 1973). A value of 2
that is indistinguishable from 1 indicates isometry,
whereas values of = statistically different than 1
represent allometry.

For each population, we performed least-
squares and linear regression analysis of the natural
logarithim of each mensural character and the In of
body length. These parameler estimales, along
with their 95% CL, were used to assess if a char-
acter changes in an isometric or allometric [ashion
with body length (Hp: z = 1; Hy: 2 # 1), and com-
pare allometric growth of populations subjected to
difterent temperature regimes (Hy: z

|

=3 T S
H,: at least | inequality). Because only a single
popu[ution was examined at each temperature re-
gime, effects of geography and temperature cannot
be disassociated in an incontrovertible manner.
We used the dimensionality reduction capabili-
tics of principal components analysis (PCA) to de-
composc the total variation among individuals into
size (PC 1) and shape (other PC axes} components.
Nonetheless. we recognize that size can assume a
variety of meanings depending on the variable or
variables used to represent it (Somers 1986, 1959
Bookstein 1989; Sundberg 1989; Rohlf 1990; Atch-
ley et al. 1992}, To the extent that the total varia-
tion among individuals in onr analyses is sive
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associated, and not the consequence of outliers,
polymorphisms, or the inadvertent inclusion of >1
taxon, our analytical approuch should be fairly ro-
bust, even if it does incorporate some variation that
docs not reflect size alone. In addition, the litera-
ture is replete with controversies and inconsisten-
cies surrounding the definition of shape (Bookstein
19849, Somers 1989). Rather than contribute to that
mMorass, we prnvide an operational definition for
use here. Shape is considered to be those linear
combinations of variables that account for mor
phometric variation after PC 1 (size) has been ex-
tructed from the data. Principal components were
derived from the covariance matrix of In-trans-
formed measnrements, thereby maintaining allom-
etries and ensnring that the covariance matrix is
independent of scale (Jolicoeur 1963). Changes in
sizer or shape during ontogeny can be visualized in
PC space by connccting the centroids of each
group in proper temporal sequence to produce an
ontogenctic trajectory (Sites and Willig 1994a).
Comparisons of morphometric trajectories during
ontogeny are facilitated by simultaneous graphical
representation ol all taxa in morphological space
defined by pairs ol PC axes.

Results and Discussion

The sive of aquatic insects ot maturity depends
largely on 2 temperature-reluted phenomena: du-
ration ol development and growth rate (Sweeney
1984). Nonetheless, size also may be affected by
metabolic state and environmental factors such as
food quality and quantity (Ursin 1979, Taylor 1981)
which themsclves may differ in alternative thermal
environments. Because of its wide geographic
range, A. mormon is subjecet to a diversity of en-
vironmental conditions, and manifests a variety of
body SiZes in response lo lemperature during on-
togeny. The relationship between size and temper-
ature is strongly evident in a variety of naucorids
{especially A. thermarum La Rivers). as well as in
ather aguatic  insects, im:]uding‘ E[)hemeropteru
(Brittain 1976, 1983; Obrdlik et al. 1979), Plecop-
tera (Sweeney and Vannote 1986), Trichoptera
{Oemke 1957). and Diptera (Konstantinov 1958,
Heuvel 1963, Brust 1967, Hagstrum and Workman
1971, Mackey 1977). Few studies have addressed
the effect of temperature on shape development.

Populational and Age-Specific Variation in
Mensural Characters. A very highly significant in-
teraction (MANOVA, P < 0.001) was detected be-
tween groups and populations. Nonetheless, 2 phe-
nomena suggest that the interaction is one of
magnitude rather than direction. The main effects
(group and population) were each significant in the
MANQOVA, and the means for each morphometric
character increased with increasing age within
each population. In concert, this suggests that at
least for some characters, increases in absolute size
with age are more pronounced in 1 ur more of the
populations than in others. Alternatively, this conld
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Table 1.

Results of least-squares and linenr regression analysis (In C
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is the y-intereept, z is the slope) between In

of ench mensural chuaracter and In of wotal length for each of 3 pnpulnlu)ns of A. mormon that differ in thermal

enviranment (P < 0.05 in all regressions)

Dependent New Mexico 1dahio Nevada
i Lsametry
variable e 7 2 In € 7 2 In C z 2 ’
Body width -(1.434 10304 0.997 —{.469 1.0294 0,994 —(0.446 1.00%a 1.990 >, =
Head length —0.995 0.647a 0.994 —1.010 0.690a 0.995 —-1.043 (1695 (.993 <, <, <
Heud widih —0.873 11.503a (1.952 =(.933 {1.832a 0.997 = 1.000 (1 RAAH 0.994 <, <<
Synthlipsis 1583 0.7%4a 0.4980 —1.604 0.792a 0.985 1.69% (182682 0982 < <
Pronotum length —2.631 1.30%a 0.9%87 2.607 | 3064 0.956 —2.796 1.436h (1.983 =, >
Profemur length —1.420 0.973a 0950 1.495 (1.9934h (.992 —1.5{12 1.026L 0.9493 <, = >
Protibia length 1.547 1.065a 0,991 —1.4935 1.0892a .991 —1.974 1.126a (1.994 ==
Protarsus length -1.777 031 1a (14943 —1.572 0.541a 0.974 —1.942 (1.551a 0.953 <, <, <
Mesofemur leagth —-1.581 1.078a (L5496 - 1.654 1. 100a 0.966 -1.661 1.105a 0.985 =
Mesotibia length -1.761 1.OK6a L9495 —1.856 1.124ab 0994 1.919 1.1536h (1894 =, >
Mesotarsus length —2.167 0.85% (.954 2196  0.903a 0945 —-2312 0.4938a 0.977 < <
Metatermur length ~1.257 1.051a (1.995 -1.3535 1.085a (0.946 1.41( 1LO8Ta 0097 R
Metatibia length —1.142  1.036a 0997 ~1.246  1.0u5h 0947 —1.286  1.095b  0.996 > > >
Metatarsus length —1.640 (83512 0.958 =1L.706  (.879a 0.993 —1.583 0.928b 0987 A

For each dependeut variable, indistinguishahle s]ul)l‘.\ share a common alphabetic superscript, based on overlapping 95% CIL.. Codes

{or isonetry (Hy: .ﬁl(lpi‘ =
is statistically indistinguishable from 1 and >

be viewed as constant size rankings among popu-
lations within instars, with the size differential
among populations changing throughout ontogeny.

Multivariate F-tests (12I'A} between all possible
pairs of groups within pupulations and between all
possible pairs of populations within groups result-
ed in very highly significant differences (P < 0.001}
for all contrasts. Clearly, populations can be
distinguished at each instar and each instar is dis-
tingnishable within a population based on the se-
lected suite of morphometric characters. The sub-
sequent classificatory phase of DFA appropriately
assigned each individual te the correct group (in-
star and sex) and population for 98.9% of the cases.
The 2 classificatory errors involved an incorrect as-
signment of sex within adults of the correct pop-
ulation. Not only are group centroids distinguish-
able, but the multiditnensional di'ipt"rﬁinn of the
group chisters are essentially nonoverlapping, with
the 2 minor exceptions unul\nng misclassifications
with respect to sex.

Allometry. The allometric growth equalion sig-
nificantly accounted for at least 94% of the varia-
tion in linear dimensions regardless of morpho-
metrie character or populdtion (Table 1). Isometric
relationships were detected in emly 2 of 42 regres-
sion analyses (body width in the Nevada popula-
tion, plofemur length in the ldaho population);
moreover, when allometry was exhibited consis-
tently, all 3 populations deviated from isometry in
the same direction for corresponding characters
(Tuble 1). In general, linear attributes of the head
and tarsi increase less rapidly, whereas the prono-
tum and components of the femora and tibiae in-
crease more rapidly, than does body length. More
specifically, head length, head width, synthlipsis,
protarsus lﬁngth, mesotiarsis length, and metatar-
sus length each increase more slowly than does
body length during ontogeny. In contrast, prono-
tum length, protibia length, mesotibia length, me-

1} relate in sequence to New Mexico, Idaho, and Nevada populations. <
. slope s statistically ==

N sl()p(- is statistically << 1. = | slope

sofemur length, and metafemur length cach in-
creases more rapidly during ontogeny than does
body length.

For 8 of the 14 characters, no interpopulational
differences in allometry (slope) were deteeted (Ta-
ble 1). In cases where significant differences in
slope existed among populations (head width, pro-
notumn length, profenmur length, mesotibia length,
metatibia length, and metatarsus length), differ-
ential growth of characters with respect to body
length was greater in the Nevada population than
in the New Mexico population. The Tdaho popu-
lation differed from the New Mexico pupu]dh'on
for only a single character: metatibia length in-
creased more rapidly in the Idaho population than
in the New Mexico population.

Because slopes differed from 1 for maost mor-
phometric characters within a population, shape as
well as size changed during ontogeny. Moreover,
temperature or geographic correlates had a sclec-
tive effect on shape in that only a subset of all
characters experienced accelerated allometric
growth in different populations. We hypothesize
that temperature responses may exhibit a thresh-
old below which developmental effects are not
manifested, perhaps because ol homeostatic buf-
fering or because the effects are too small to be
detected by anr analyses.

Autadaptations Versus Exadaptations. Changes
in the linear dimension of a trait with respect to
some general measure of size (for example, body
length) may be a consequence of antadaptations or
excldaptatmns Autddaptdtlons re prcsunt chdngt‘s in
the trait that are coupled to changes in size per se
(trait-to-size adaptations), whereas exadaptations
represent externally driven changes in the trait as-
sociated with the environment (trait-to-environ-
ment adaptations) (Gould 1977, Parker and Larkin
1959). This adaptive framework was used by Jan-
der and Jander (1994) to elucidate the significance
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Table 2. Factor loadings for each principal component
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Principal component factor

Character
1 2 3 4 5 4]

Body length 0,998 —0.032 -0.022 0.014 —0.014 —0.007
H()dy width 0.996 (1.040 -0.062 0.007 —0.031 0.017
Head length 0.997 0.004 —0.027 0.002 —0.024 --0.031
Head width 0.997 —-0.015 -0.028 0.037 —0.007 —0.034
Svnthlipsis 0,993 0.013 0.070 0.029 -0.091 0.043
Pronctum length 0.4991 —0.106 0.053 0.008 0.031 0.020
Profemur length 0.996 —0.061 {1146 0.02¢ 0.002 Q.4008
Pratibia length 0.997 —0.038 1.035 n.018 -0.015 0.000
Protarsus length 0.580 0.178 0.072 0.046 Q007 0.002
Mesofemur length 0.999 —0.027 1.000 0.008 -0.016 0.014
Mesotibia length 1999 —0.023 0.007 0.007 -0.019 — (10
Mesotarsus length 0.593 0.002 (.037 0077 0.024 —0.046
Metafermur length 0.999 0.014 ~0.019 —-0.013 -0.024 (L0135
Metatibia ]engtll 0.999 0.042 -0.018 —0.006 0.018 .012
Metatarsus length .594 0.044 —0.001 —0.0K6 0.012 0.027
% variance (total) 99.13 0.36 0.16 0.13 0.09 (104

% variance (shape) - 41.38 18,39 14.94 10.34 4.60

of morphometric growth patterns in the greater
milkweed bug, Oncopeltus fasciatis Dallas (Ly-
gaeidae), cspecially with regard to differences be-
tween observed traits of adults and those extrapo-
lated from allometric equations developed for
instars and adult females. Inherent in their ap-
proach was the assumption that the ecological and
physiological demands associated with adulthood
{for example, reproduction and dispersal) require
niche-shifts beyond those generated by autadap-
tations. Indeed, they documented that some traits
{for example, number of sensillac on the 3rd and
4th antennal segments) are markedly different
from those expected based on nymphal allome-
tries. For methodological reasons, we included
adult males and adult females in the elucidation of
trait-size allometries and consider the coefficient
of determination (r?) and significance (P} of the
regression to be measures of autadaptation. The
deviation between the value of a trait for any par-
ticular instar and that predicted by the allometric
equation represents unique instar-specific niche
adaptation {exadaptation).

The situation in A. mormoen is dilferent from
that in Q. fasciatus. Consistent significance and
high coefficients of determination suggest that in
all 3 populations of A. mormon, none of the instars,
as well as adult males and adult females, experi-
ence sufficiently novel ecological demands beyond
those for which size-driven changes in morphology
provide adaptive success. Exadaptation is not an
obvious or predominant evolutionary force mold-
ing the morphology of A. moermon.

Ontogenetic Trajectories. The first 6 PCs ac-
counted for 99.8% of the morphometric variation
among individuals regardless of population, instar,
or sex (Table 2). The 1st PC may be considered to
be a size component (all character loadings are
positive, and between 0.98 and 1.00) that accounts
for most (99.1%) of the interindividual variation;
whereas the subsequent 5 axes embody aspects of

shape (each contains positive and negative char-
acter loadings) and account for a small proportion
of the total variation among individuals (0.9%).
Nonctheless, PCs 2 through 6 account for at least
89% of the shape variation.

When viewed from the perspective of ontogeny
{Fig. 1), PC 1 scares gradnally increase with each
molt for cach population, adult females in each
population having slightly higher scores than do
corresponding adult males. Becanse PC 1 accounts
for size-rclated variation, the relationship among
instars and populations is clear: specimens for each
instar of the New Mexico (cold water) population
are larger than corresponding instars of each of the
other 2 populations. The size (PC 1) of Idaho spec-
imens is intermediate between those of the New
Mexico and Nevada populations (Fig. 1). In gen-
eral, this is true of C, the hypothetical linear di-
mension of a character when body length equals
zero in the allometric equation. Specimens from
Nevada (warmn water) exhibit the smallest overall
size. consistent with thermal effects found in other
aquatic organisms. Nonetheless, morphological tra-
jectories during ontogeny are not parallel for the
three populations (Fig. 1), a fact corrcborating the
significant interaction hetween group and popula-
tion detceted by the MANOVA,

Principal component 2 accounts for 46.4% of
the shape-related variation among individuals.
Within groups, scores on PC 2 were consistently
largest for the New Mcxico population and lowest
for Nevada, whereas Idaho was intermediate (Fig,
1). Among the 5th instars, the relationship be-
tween the Idaho and New Mexico populations was
reversed. The largest loadings on PC 2 were as-
sociated with pronotum length (—0.106) and pro-
tarsus length (0.178); hence, individuals with rel-
atively long protarsi and a short pronotum exhibit
high scares. Because In-transformed characters
were analyzed, this relationship may be viewed as
In of the ratio of protarsus to pronotum length (In
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Fig. 1. Ontogenetic variation in size (PC 1) and shape
(PC: 2 and PC 3} for cach of 3 populations of A. mormon.
A consistent size pattern among populations (New Mex-
ico > Idaho > Nevada) for each instar corresponded to
differences among streams in water temperature (New
Mexico << Idaho < Nevada); a similar pattern did not
obtain for aspects of shape.

A + In B = In[A/B]). Principal component 3 ac-
counts for 20.6% of the shape-related variation
among individuals; high scores arc associated with
hody width {—0.062), synthlipsis {(—0.070), prono-
tum length (0.053), and protarsus length (0.072).
This relationship may be viewed as the In of the
ratio of the product of protarsus and pronotum to
the product of body width and synthlipsis. The re-
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2 1 0 1 2
PC2

Fig. 2. Morphalagical relationships among popula-
tions (squares, Nevada; circles, Idaho; triangles, New
Mexico} and groups (numbers refer to corresponding in-
stars, M and T to adult males and lemales, respectively)
based on size (PC 1) and shape {PC 2). For each group
{instars 1 through 5, adult males, and adult females), lines
conneet centroids of the different populations.

lationships among populations differed depending
on instar, the Nevada or New Mexico populations
exhibiting the highest scores and Idaho usually ex-
hibiting the lowest scores.

Finally, the changes in shape that accompany
ontogeny do not produce trajectories that consis-
tently change in a particular direction, like those
that result from changes in size (Figs. 1 and 2). In
part, this is a product of the dissimilar allometries
that typify many of the morphometric characters.
Twu characters could consistently increase be-
tween insturs, but if the amount of increase in a
negatively loaded character was greater than that
of the positively loaded character, the overall PC
score could decrease. Hence, cyclic or semicyclic
changes in the magnitude of PCs 2-6 with instar
number could be obtained even with continual in-
erecascs in all characters,

Because intraspecific differences in allometric
development (z) were detected, morphometric dif-
ferences among populations (or species) could re-
sult from phenotypic plasticity or modulated on-
togeny rather than from genetic-based differences,
per se. Further, if intraspecific variation is signifi-
cantly less than interspecific variation, then devel-
opmental trajectories may be valuable as specific
descriptors.
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