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Cuticular Hydrocarbons of Glacially-Preserved Melanoplus (Orthoptera:
Acrididae): Identification and Comparison with Hydrocarbons of

M. sanguinipes and M. spretus.

Bruce D. Sutton, Davip A. CarLson', JErFFrRey A. Lockwoob? aND RicHARD A. NUNAMAKER®

Division of Plant Industry, Florida Department of Agriculture, Gainesville, Florida 32608

Abstract.—The cuticular hydrocarbons of four groups of grasshoppers
were identified and quantified by capillary column gas-liquid
chromatography (GLC) and GLC-mass spectrometry (GLC-MS),
including samples of: 1) a modern species, M. sanguinipes (Fabricius),
2) a morphologically similar extinct species, M. spretus Walsh, 3) 650-
year old fragments recovered from a receding glacier in southwestern
Montana, and 4) 140-year old whole bodies from a glacier in
northwestern Wyoming. Quantitative data from 20 n-alkanes and
methyl- and dimethyl-branched alkanes were compared using
discriminant analysis, which showed differences in cuticular
hydrocarbon patterns between the putative species M. sanguinipes and
M. spretus. The resulting discriminant model classified the glacially
preserved whole bodies as M. spretus, but the identity of the fragments
remains ambiguous [KEY WORDS: Grasshopper, discriminant
analysis, gas-liquid chromatography, mass spectrometry,
methylalkanes].

Grasshoppers of the genus Melanoplus are widespread in
North America and include species which exhibit periodic
swarming and mass migration. One species, M. spretus Walsh,
was a major agricultural pest in the western United States and
Canada through the late 1800s until a natural population crash
concentrated the species into habitats impacted by newly-
introduced and intensive agricultural practices. The coincident
population decline and anthropogenic habitat destruction ap-
parently led to its extinction in the early 1900s (Lockwood &
DeBrey 1990).

The nomenclatural histories of M. spretus and the extantand
closely related, if not conspecific, M. sanguinipes (F.) have
followed rather convoluted paths and their taxonomic status
remains in dispute (Capinera & and Sechrist 1982, Lockwood
1989, Cohn 1994, Lockwood 1996, et ante). Thomas (1865) cred-
ited Acridium spretis to an earlier unpublished manuscript by
Uhler, but in 1873 he placed A. spretum Thomas in synonymy
with Caloptenus spretus Uhler (Thomas 1873). Later workers on
the melanopline grasshoppers credited C. spretus to Walsh
(1866), apparently also based upon the nomenclature of Uhler.
Caloptenus atlantis (Riley) was originally considered distinct
from M. spretus (Riley 1875), but it was soon reinterpreted as a
dwarf form of M. spretus (Packard 1877). Later authors have
failed to reach consensus on the taxonomic status of these two
forms. Melanoplus spretus was determined to represent the
gregarious phase of M. sanguinipes by Faure (1933), Brett (1947)
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and Gurney (1953); however, Gurney and Brooks (1959) re-
turned M. spretus to full species status. A recent morphometric
analysis (Lockwood 1989) was in agreement with this. The
nomenclature was further complicated with the confusion of
M. mexicanus Saussure with M. sanguinipes by Hebard (1917)
and others, followed by the synonymy of M. mexicanus with M.
bilituratus (Walker). The nomenclatural uncertainty appears to
have been more or less resolved with the discovery by Gurney
of a Fabrician type of M. sanguinipes (F.) in Copenhagen and the
synonymy of the earlier names with that species. Gurney (1962)
provides a synopsis of the nomenclatural history of M.
sanguinipes.

Recently, fragments of specimens identified as belonging to
the genus Melanoplus were collected from a rapidly receding
glacier, Grasshopper Glacier, Park County, Montana (Lockwood
et al. 1990). These remains were radiocarbon-dated to between
650 and 850 yr before present (BP). Grasshopper Glacier, lo-
cated in the Beartooth Range of Montana, has been known for
at least a century for having particularly large quantities of
grasshopper remains. Gurney (1953) reported that large num-
bers of M. mexicanus mexicanus (= M. spretus) had been identi-
fied from Grasshopper Glacier fromas early as 1914, in addition
to smaller numbers of other Melanoplus species. Lockwood et al.
(1990, 1991a, 1992) provided a recent description of the glacial
deposits of grasshoppers from three sites in Montana together
with morphological comparisons of recovered Melanoplus frag-
ments with potential conspecifics, M. sanguinipes and M. spretus.
Other known sites of significant glacial entrapment of grass-
hoppers include the Wind River Glaciers, Fremont Co., Wyo-
ming (Lockwood et al. 1991b, 1994). As part of an ongoing study
of the glacially preserved insects of the Rocky Mountain area,
intact Melanoplus were recovered from Knife Point Glacier and
identified as M. spretus based upon morphological criteria
(Lockwood et al. 1991b, 1994). These remains were radiocarbon
dated to 140 yr BP. A description of the preserved insect fauna
of several of the Wind River Glaciers and a discussion of M.
spretus was provided by Lockwood et al. (1991b, 1994).

It appeared worthwhile to attempt the recovery and analy-
sis of cuticular hydrocarbons from these bodies and fragments
for comparison with those of other Melanoplus taxa in light of
twoessential issues. First, we hoped that it would be possible to
resolve the question of the identity of the glacially-preserved
grasshoppers and to demonstrate the viability of a novel and
potentially valuable diagnostic method for similar material.
The male genitalia, which are hypothesized as being diagnostic
features of Melanoplus species (Gurney and Brooks 1959, Cohn
1994), are rarely preserved in glacial remains, presumably due
the small size of these structures and the preponderance of
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females in the deposits (Lockwood et al. 1994). In this context,
investigations of unorthodox approaches to taxonomic identi-
fication are essential (Lockwood 1989, Lockwood et al. 1992,
1994), and these methods may prove valuable in studies of
other poorly preserved samples (e.g., fragments recovered
from the crops of birds, ant nests, archaeological sites, etc.).
Second, it was our intention to shed some additional light on the
taxonomic relationship between M. spretus and M. sanguinipes.
Although Cohn (1994) considered the work of Gurney and
Brooks (1959) to have put an end to the controversy regarding
the taxonomic standing of M. spretus, the long and complex
history of this species’ taxonomic status and contemporary
works synonymizing this species with M. sanguinipes (Capinera
and Sechrist 1982) suggests that acridologists remain
unconvinced that a valid species, comprised of billions of
individuals, disappeared over a period of just 25 yr (Lockwood
and DeBrey 1990).

Previous analyses of the cuticular lipids of Melanoplus have
included the extant species: M. packardi Scudder and M.
sanguinipes (Soliday etal. 1974; Nelson et al. 1984); M. differentialis
(Thomas) (Nelson et al. 1984); and M. bivittatus (Say), M.
femurrubrum (De Geer), and M. dawsoni (Scudder) (Jackson
1981). In all species, the reported hydrocarbons consisted of
long-chain saturated aliphatics and have included n-alkanes in
addition to internally-branched monomethylalkanes and
dimethylalkanes. The primary dimethylalkanes in all species
were identified as 9,19-, 11,21- and 13,23- isomers.

Thus, our purpose in this research was to determine the
hydrocarbon compositions of grasshopper bodies and frag-
ments recovered from the Grasshopper (Park Co.) and Wind
River Glaciers and of museum specimens of the extinct M.
spretus. We also undertook a reanalysis of the hydrocarbon
composition of M. sanguinipes. These profiles were compared
using discriminant analysis to determine likely associations
between hydrocarbon patterns.

Materials and Methods

Specimens

The specimens examined included glacial fragments from
Grasshopper Glacier, Park Co., Montana, collected August
1987 as well as whole bodies collected from the Knife Point
Glacier, Fremont Co., Wyoming. Whole bodies of and /or legs
of adult M. sanguinipes were obtained from Platte, Niobrara,
Sheridan and Laramie Cos., WY and Lima, CO. Melanoplus
spretus originated from Lancaster Co., NE and the Turtle Mts.,
ND and were collected 1890-1901.

All glacial remains and specimens of M. sanguinipes are
deposited at the University of Wyoming, Department of Plant,
Soil and Insect Sciences, Laramie, WY. The specimens of M.
spretus are deposited at the University of Nebraska, Depart-
ment of Entomology, Lincoln, NE. _

All glacial remains consisted of more-or-less whole bodies
(Knife Point Glacier) or disarticulated exoskeleton fragments
recovered from a matrix of body parts, comprised primarily of
mandibles and whole or broken femurs and tibia (Grasshopper
Glacier). For gas-liquid chromatography (GLC) analysis, body
parts were utilized as individual samples if sufficiently large,
such as a single femur or tibia, or as a pool of several smaller
fragments. Analysis by GLC-mass spectrometry (GLC-MS)
utilized pooled samples of 50 to 100 fragments. Comparative

samples of M. sanguinipes (n=65) and M. spretus (n=15) con-
sisted of complete pinned adults in addition to pooled samples
of one to three disjointed hind legs.

Analytical Methods

Each specimen was extracted by immersion in hexane and
the hydrocarbons isolated from other cuticular components
using silica gel mini-columns as described by Carlson et al.
(1984). Analysis of cuticular components involved separation
and quantitation of eluents by GLC utilizing a 0.20 mmi.d. x 30
m fused-silica capillary column having a 0.20 pm 5% diphenyl
dimethyl siloxane stationary phase (SPB-5, Supelco Inc.,
Bellefonte, PA) fitted to a Tracor 540 gas chromatograph (Aus-
tin, TX) with a cool on-column injector (OCI-3, Scientific Glass
Engineering, Austin, TX) and Tracor flame-ionization detector.
H, carrier was used with a linear flow velocity of 60 cm/s. Each
sample was re-constituted in hexane as necessary to maintaina
consistent stationary phase loading, and 1 to 2 ul was injected.
Each chromatographic run was temperature-programmed as
follows: initial hold at 60°C for 2 min, ramp 20°C / min from 60°C
to 230°C then 2°C/min to 365°C, with a final hold at 365°C as
necessary to ensure elution of all components. Data acquisition
and peak integration utilized a PE Nelson 900 Interface and
Model 2100, Rev. 5.0 software (Perkin Elmer Nelson Systems,
Inc., Cupertino, CA). A small number of samples was re-
analyzed using a 0.22 mm i.d. x 25 m aluminum-clad fused-
silica capillary column having a 0.10 um carborane-dimethyl
siloxane stationary phase (HT-5, Scientific Glass Engineering,
Austin, TX) temperature-programmed to 400°C in order to
determine if higher boiling point compounds were present. N-
alkane standards used to establish Kovats’ Indices (KI) (Kovats
1965) included C,, - C,, (PS-12-60D, SUPELCO Inc., Bellefonte,
PA) and Polywax 655 (SUPELCO Inc., Bellefonte, PA). The
latter provided even carbon-number n-alkanes to beyond C,,.
Standards and sample, in toluene preheated to approximately
30°C to reduce precipitation of the higher boiling point alkanes,
were co-injected at an initial temperature of 100°C. The run
parameters were otherwise as above. Kovats’ Indices for the
methylalkane peaks were determined by cubic spline interpo-
lation from the n-alkane retention times with fully cubic ex-
trapolation at the end points. Electron-impact (EI) mass spectra
were obtained using a Hewlett-Packard 5988A Mass Spectrom-
eter (MS) (Hewlett-Packard Co., Atlanta, GA) interfaced to a
HP 5890 gas chromatograph fitted with an OCI-3 injector. The
column and chromatographic parameters were as above, ex-
cept for the use of He carrier at a linear velocity of 40 cm/s. The
MS interface was maintained at 315°C, electron voltage at 70eV,
and the system parameters manually optimized in order to
enhance the El spectra in the critical region of m/z 200 to 500.
The mass spectral scan range extended from m/z 70 to 750 with
a scan rate of approximately one scan per sec. MS scans were
manually background subtracted prior to interpretation.

The identification of cuticular methylalkane components
based upon EI mass spectra followed the conventions for the
interpretation of such compounds established previously
(Nelson & Sukkestad 1970; Nelson et al. 1980; Carlsonet al. 1984;
Nelson & Carlson 1986; Nelson et al. 1988). The use of Kovats’
Indices provided a means to narrow the range of possible
methyl-branch configurations in cases of ambiguous or insuffi-
cient EI spectra.

Discriminant analysis utilized linear, quadratic and kernel
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density estimate (KDE) models (Silverman 1986) with brute-
force optimization of model parameters using the jack-knifed
classification error as the decision criterion. The peaks selected
for analysis included the predominant isomers of the three
dominating homologous series: n-alkanes, monomethylalkanes
and dimethylalkanes. Eachindividual peak area was expressed
as a percentage of the total peak area for that sample and a
dissimilarity matrix of normalized Euclidean distances was
constructed from the resulting matrix. Peak subsets were also
evaluated as part of the discriminant model optimization. The
SAS System, version 6.01, (SAS Institute Inc., Cary, NC) was
utilized to construct the discriminant models and for the
univariate statistics. Multivariate analysis and plotting for vi-
sualization utilized Systat, version 5.03, (SYSTAT Inc., Evanston,
IL). Monotonic multidimensional scaling (MDS) using Kruskal’s
stress formula 1 (Kruskal 1964) was used to reduce the data
dimensionality to allow two-dimensional plotting for visual-
ization. Shepard diagrams (Shepard et al., 1972) of distances in
the final configuration against input dissimilarities were used
as the measure of goodness-of-fit.

Results

The hydrocarbons from the glacial fragments and the two
Melanoplus species exhibited similar chromatographic patterns
(Fig. 1) consisting of an overall bimodal distribution of peaks
ranging from KI 2000 to KI 5350. No higher boiling point
alkanes were observed beyond this region up to nC,. All
hydrocarbons detected consisted of long-chain saturated ali-
phatic n-alkanes and methyl-branched alkanes. There was no
evidence for unsaturated components in the glacial specimens,
M. spretus or M. sanguinipes.

The n-alkanes and methyl-branched alkanes identified by
GLC-MS are presented in Table 1. Each GLC peak is identified
by a nominal KI, and the predominant isomer in co-eluting
mixtures is noted when it was possible to do so with certainty.
The slow MS scan rate together with overlapping diagnostic
ions, particularly primary and secondary carbonium ions re-
sulting from fragmentation of co-eluting isomers differing only
in the number of methylene units between the methyl-branch
points, madeidentification and reconstruction of relative ratios
of methyl-branched isomers subject to uncertainty. Inaddition,
the specification of a Kovat’s Index for a specific chromato-
graphic peak was complicated by relative shifts in isomer
composition between individuals, particularly when the peak
components, though unresolved, exhibited slight differences in
retention times.

In all samples, n-alkanes were dominant and formed com-
plete even- and odd-backbone homologous series from nC, to
nC,, or, perhaps, nC,.. The odd carbon-number series was
predominant with a series mode at either nC,, or nC,,. Methyl-
branched alkanes occurred as homologous series of
monomethylalkanes, dimethylalkanes, and trimethylalkanes
having backbones of 25 to 53 carbons. The odd carbon-number
backbone monomethylalkanes formed a complete bimodal
homologous series from 25 to 49 carbons consisting of isomers
having methyl-branch positions from the 3- to the 17-carbon.
The predominant isomers at a specific carbon-number was
either 11- or 13-branched and coeluted with the 9-, 15- and 17-
methylalkane isomers. The series modes were at 31 or 33
carbons and at 43 carbons. An analogous series of even-back-

bone homologs was also present, albeit at a much reduced
concentration. There was an overall trend with increasing chain
length towards a reduction in the overall number of isomers
present, but the predominant isomers remained consistent.

The dimethylalkanes also formed a complete bimodal ho-
mologous series of even- and odd-backbone isomers from 27
carbons to 53 carbons. The series modes were at 33 carbons and
49 or 51 carbons, respectively. The identified isomers ranged
from 3,x- to 17,x-, with either the 13,x-, 11,x- or, rarely, 9,x-
isomers predominant. The number of methylene units between
themethyl-branch points (I) for the 3,x-dimethylalkanes ranged
from I=3 to I=11 with I=7 or 9 most prevalent. The 5,x- isomers
ranged from 1=3, 5, 7 or 9 with I=5 or 7 dominant. The 7x-
isomers were generally I=3 or I=5. The 9,x- through 17,x-
dimethylalkanes exhibited a more complex pattern in which
there was a bimodality in the distribution of methylene units
between the methyl-branch points at a given carbon-number.
Isomers were identifiable with I=3 and I=9, 11 and 13; however,
intermediate numbers of methylene units between branch points
did notappear tobe present at detectablelevels. The constraints
inherent in interpreting mass spectra of such complex
dimethylalkane mixtures precluded any absolute declarations;
however, if the isomers having intermediate numbers of meth-
ylene units existed they were present at much lower levels than
the 1=3, I=9 and higher isomers. Internally-branched
dimethylalkanes having I=3 were predominant below 35 car-
bons. With increasing chain length there was a tendency to-
wards a reduction in the number of isomers present at a given
carbon-number, particularly isomers having I=3, and the even-
tual loss of all but the isomers of the 11,x- and 13,x-
dimethylalkanes having I=9 or higher. In most individuals
analyzed, the shift in dominance between the I1=3 and =9, or
greater, dimethylalkane isomers occurred at 35 carbons. EI
mass spectra from the front of the partially resolved peak at KI
3555 (Fig. 2) showed major fragmentsatm/z 196 /197,224 /225,
252/253, 267,295, 323, and 351. Successive scans in this region
showed that the larger fragments at m/z 224 /225, 252 /253,295
and 323 were strongly correlated. The predominance of the
even-numbered ions at m/z 224/225 and 252/253 indicated
that these resulted from fragmentation internal to the methyl-
branched carbons. This was consistent with a 35 carbon back-
bone dimethylalkane having a 15,19- methyl-branching se-
quence. Theremaining fragments were interpreted as the 13,17-
homolog. EI-MS scans at the rear of this peak showed major
fragments atm/z 168/169,196/197,224 /225,323, 351 and 379.
Successive scans in this region indicated that the m/z 196 /197
and 351 fragments were strongly correlated. The lack of a
second even/odd pair with the even-ion dominant indicated
that the methyl-branching is symmetric. This was consistent
with the 13,23- isomer. The remaining major fragments were
also correlated in successive scans and were identified as the
11,21-homolog. EI-MS scans from the central region of the peak
showed only the fragments expected from the overlap of the 1=3
and I=9 isomers. There was no evidence for homologs having
intermediate numbers of methylene units between the methyl-
branch points. The even-backbone dimethylalkanes showed
similar patterns of even and odd methyl-branch position ho-
mologs.

Trimethylalkanes were far less abundant than either the
mono- or dimethylalkanes and consisted primarily of 9,x,y-,
11,x,y-, 13)x,y- and 15,x,y- isomers having three methylene
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Melanoplus sanguinipes

29 Melanoplus spretus
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(Grasshopper Glacier, Montana)
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Fig. 1. Gas chromatographic profiles of cuticular hydrocarbons from Melanoplus grasshoppers: M. sanguinipes, WY, Platte Co.,
Wheatland, VII126 1937 (adult). M. spretus : NE, Lancaster Co., Lincoln, ca 1900 (adult). Glacial remains, MT, Park Co., Grasshopper
Glacier, August 1987 (pooled femurs and tibia). Peaks used in quantitative analysis labeled by peak number.
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branch points. M. sanguinipes, WY, Platte Co., Wheatland, VII 26 1937 (adult); peak no. 74.
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Point Glacier.

JournAL oF ORTHOPTERA ResearcH No. 5, Auc. 1996




Table 1. N-alkane and methyl-branched alkane isomers of Melanoplus sanguinipes, M. spretus and Grasshopper Glacier specimen fragments.

KI- Methyl-Branching M. sanguinipes M. spretus Glacial Fragments
2000 nC20 + + +
2100 nC21 + + +
2200 nC22 + + +
2300 nC23 + + +
2400 nC24 + + +
2500 nC25 + + +
2533 9-,11-, 13- -+ + - t
2571 3- + t -
2600 nC26 + + +
2632 9-,11-,13- -+ - ? t
2663 2- + + +
2671 3- ? ? -
2700 nC27 + + +
2729 9-,11-, 13- + + + + + + + + +
2735 7- + + +
2748 5- + + +
2758 11,x-, 1=3 1=3 ?

9,x- =3 - -
2764 2- - ?
2775 7,X-, 1=3/5? 1=3 -

3- + + +
2786 5,x- 1=3/5/7 1=3/5/7 t
2800 nC28 + + +
2810 3,x- 1=3/5/7/9 t t
2830 9-,10-, 11-, + 4+ + ++ + t

12-, 13-, 14- + 4+ + +? ? t
2858 11,x-, 1=3? t t

12,x- 1=3? t t
2863 2- + + +
2900 nC29 + + +
2926 9-,11-, 13-, ++ + +++ +++

15- + + +
2935 7- + + +
2942 5- + + +
2959 13,x-, =3 ? -

11,x-, I=3 =3 1=3

9,x- 1=3 1=3 1=?
2964 2- + ? t
2971 7,X-, =3 1=3?/5 1=3?

3- + + +
2983 5,x- 1=3/5/7/9/11 1=3/5/7? 1=5
3000 nC30 + + +
3011 3,x-, 1=3/5/7/9/11 =7 1=32/5/7/9

5,x,y- 1=3,3/3,5? t? 1=3,3?
3031 9-,10-, 11-, + + + + + + + + +

12-,13-, 14-; + + + + + + + + +

15- + +? +?
3039 3,x,y- 1=3,3 - -
3042 8- ? - ?
3045 7- + + -
3050 6- + - -
3052 5- ? + -
3060 13,x-, - - 1=3

12,x-, 1=3 1=3 1=3

10,x- =3 ? -
3063 2-, + + +

9,x-, - 1=3 -

8,x- 1=3 - -
3070 3-, ? - -

6,x- 1=3 - -
3100 nC31 + +

Table 1 continues
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Table 1 continued

KI- Methyl-Branching M. sanguinipes M. spretus Glacial Fragments

3129 9-,11-, 13-, + + 4+ + 4+ + 4+
15- + - ?

3141 7- + + +

3152 5- + + +

3160 13,x-, 1=3 1=3? -
11,x-, 1=3/9 =9 1=9
9,x- 1=3/11/13? 1=11?/13 1=9?/11/13

3163 2- ? ? ?

3172 7,x-, 1=3/5 - -
3- + + +

3185 5,x- 1=3/5/7 1=3/5/7 1=5/7

3200 nC32 + + +

3209 3,x-, 1=5/7/9/11 1=7/9? t
5x,y- 1=3,3? 1=3,3 t

3230 9-,10-, 11-, 13-, + + + + + + + + -+ + 4+
13-, 14-, 15-, 16~ + + ?7? + + 2?7 +? - -

3242 8-, + + -
3,x,y- 1=3,3 ? -

3250 6- + - -

3260 13,x-, 1=9 I=? -
12,x-, ? ? -
11,x-, 1=9 =9 1=9
10,x- 1=3/11 I=11 I=11?

3264 2- ? ? +

3300 nC33 + + +

3332 9-,11-, 13-, + + + + + + + + +
15-,17- + + + + ??

3343 7- + + +

3361 13,x-, I=? 1=9? -
11,x-, 1=32/9/11 1=9/11 1=9/11
9,x- - 1=13? -

3371 7,x-, 1=3?/(large?) ? 1=3/5?
3- + ? ?

3383 5,x- 1=3?/5/7 1=5/7? 1=5/7?

3400 nC34 + + +

3411 3,x- 1=5?/7/9 - -

3431 11-,12-, 13-, 14-, + + + + + + + ? + 4+ + 7
15-, 16-, 17- +7?7? 27?7 2?7

3460 15,x-, I=3 - t
14,x-, 1=3 - -
13,x-, - - -
12,x-, 1=32/9 - =9 -
11,x-, 1=32/9/11 1=9 -
10,x- 1=37/9/11 - -

3500 nC35 + + +

3530 9-,11-, 13-, + + + ? + + -+ +
15-,17- + + + + ?2?

3556 15,x-, 1=3 - -
13,x-, 1=3/9 1=9 ?
11,x-, 1=9/11/13 1=9/11/13? I=/9?/11
9,x- I=110or 13? - -

3571 7,x- 1=3/5 - -

3580 13,x,y-, 1=3,3 t ?
11,x,y-, 1=3,3 - -
9,x,y- 1=3,3? - -

3600 nC36 t - -

3612 3,x- 1=9/11? - -

3630 9-,10-, 11-, 12-, 2+ + + - -+ + t
13-, 14-, 15-, 16-, + + + + ?2+27?
17-,18- + + ?7?
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Table 1 continued

KI- Methyl-Branching M. sanguinipes M. spretus Glacial Fragments

3655 16,x-, =3 - t
15,x-, =3 -
14,x-, 1=3 -
13,x-, 1=3 -
12,x-, 1=9/11 ?

11,x- 1=9/11? 1=11

3678 14,x,y-, 1=3,3 - -
13,x,y-, 1=3,3 - -
12,x,y- 1=3,3 - -

3700 nC37 ? -

3728 11-, 13-, 15-, + + + + + ? + + -
17-,19- + + - - -

3754 17 ,x-, I=3 - -
15,x-, 1=3 - -
13,x-, 1=3/9 =7 ?
11,x- I=9/11 1=9/11 1=9/11

3778 15,x,y-, 1=3,3 t? -
13,x,y-, 1=3,3 -
11,x,y- 1=3,3 -

3827 12-,13-, 14 + + + - -

3853 17,x-, 1=3 t -
16,x-, 1=3 -
15,x-, 1=3? -
14,x-, ? -
13,x-, 1=9 -
12,x- 1=9 -

3877 14,x,y-, 1=3,3 - -
13,x,y-, 1=3,3 - -
12,x,y- 1=3,3 - -

3925 11-,13-, 15-, + + + + + - + + +
17-,19- + + - - - -

3951 17,x-, 1=3 - -
15,x-, 1=3 - -
13,x-, -1=9/11? 1=9 -
11,x-, 1=92/11 1=9/11? -
9,x- =3 =3 =3

3973 15,x,y-, 1=3,3 - -
13,x,y- 1=3,3 - -

3980 9,x,y- =33 - -

4028 11-, 12-, 13- + + + - t

4050 11,x-, . 1=9/11? t t
9,x- 1=3

4127 11-, 13- + + + + + +

4150 13,x-, 1=7/9 1=9 1=?
11,x-, 1=9/11 1=9/11? 1=9/11
9,x- =3 1=3 1=3

4171 7,x- 1=3/5 ? -

4227 11-, 12-, 13-, 7+ + -+ + + + +
14- ? - -

4249 13,x-, 1=9 1=9 1=9?
12,x-, 1=9 1=9 1=9?
9,x- I=3 - -

4327 11-, 13- + + ? + + +

4347 13,x-, 1=9 1=9 1=9
11,x-, 1=9 1=92/11 1=9/11
9,x-, =3 1=3 =3

4366 9,x,y- 1=3,5? - 1=3,5?

4427 11-,12-, 13-, 14- + + + + - -+ ? o4 -

4445 13,x-, 1=9? t t
12,x- 1=9?

4524 11-, 13- + + + + + +
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Table 1 continued

KI- Methyl-Branching M. sanguinipes M. spretus Glacial Fragments
4544 13,x-, 1=9/11? 1=9/11 1=9/11?
11,x-, 1=9/11 1=9/11 1=9/11
9,x- 1=3 1=3 1=3
4581 9,x,y- 1=3,3? t t
4624 11-,12-, 13-, + + + 7?7+ + + +
4645 11,x- 1=9 1=? t
4723 11-, 13- + + + + + +
4746 13,x-, 1=? - -
11,x- 1=9/11? 1=9/11 1=9/11?
4824 11-, 12-, 13- + + + t + + +
4846 13,x-, 1=9 - -
12,x-, ? ? ?
11,x- 1=9 1=9? 1=9
4923 11-, 13- + + ? + + +
4945 13,x-, 1=9? 1=9? 1=9?
11,x- 1=9/11 1=9/11? 1=9/11?
5045 13,x-, 1=9? 1=? -
12,x-, ? I=? 1=9?
11,x- 1=9 I=? 1=9?
5146 13,x-, 1=9/11 1=9 1=9
11,x- 1=9/11 - 1=9/11
5244 11,x- t t t
5340 13,x- t t t

NOTES: t=peak present at trace quantities but identification of isomers presentambiguous. +=isomer present. _=predominant isomer. -=isomer

not present at detectable levels. ?=identification ambiguous.

units between the branch points. Less common were 3,x,y-,
5,x,y- and 7,x,y- isomers and trimethylalkanes having greater
than three methylene units between the methyl-branch points.
The more internally-branched trimethylalkanes occur only at
the higher carbon-numbers and always as minor components.
There is no evidence for methylalkanes having more than three
methyl-branches.

Twenty of the largest peaks representing the three major
homologous series of n-alkanes, methylalkanes and
dimethylalkanes were chosen for quantitative analysis (Table
2). Discriminant analysis results based upon these peaks are
presented in Table 3. Melanoplus sanguinipes and M. spretus
exhibited jack-knifed classification errors of approximately 6%
and 15% respectively for the kernel density model (KDE) with
an Epanechnikov kernel and a support radius of 8.0. In order to
evaluate the potential for bias due to unequal sample sizes, a
series of ten KDE models based upon random subsampling of
the M. sanguinipes with n=15 was carried out. The classification
errors for the KDE with equalized sample sizes ranged from 5
to 8% for M. sanguinipes and 10 to 13% for M. spretus. The
quadratic model resulted in similar classification errors. The
linear discriminant model performed poorly and was not uti-
lized. None of the peak subsets used improved the discriminant
scores. The n-alkanes by themselves resulted in the poorest
separation of the taxa; however, the n-alkanes in combination
with the methylalkanes exhibited the lowest classification er-
rors.

The two-dimensional scatter plot of the data after dimen-
sion reduction by multidimensional scaling (MDS) (Fig. 3) is
consistent with the results of the discriminant analysis. The
fragments from Grasshopper Glacier were found to form a

relatively tight cluster near the region of overlap in cuticular
hydrocarbon patterns for M. sanguinipes and M. spretus. The
bodies from the Knife Point Glacier clustered within the overall
M. spretus cluster. The configuration seen in the MDS plot was
essentially invariant with respect to subsetting of the M.
sanguinipes, and the Shepard diagrams exhibited no evidence
for degenerate solutions. Classification of the Grasshopper
Glacier fragments was ambiguous. The KDE resulted in an
identification of all but one of these latter samples as M.
sanguinipes; however, this classification was found to be sensi-
tive to the relative sample sizes for the two species used to
construct the model. With random subsetting of the M.
sanguinipes to equalize sample sizes, it was found that the
number of fragments identified as M. spretus varied from one to
ten. The Knife Point Glacier specimens were classified using the
KDEas M. spretus and this remained consistent under subsetting
of M. sanguinipes. The addition of the Knife Point Glacier
material as M. spretus resulted ina KDE model that consistently
classified the Grasshopper Glacier fragments as M. spretus. It
can be seen from the MDS plot that the Grasshopper Glacier
specimens have cuticular hydrocarbon patterns that are close to
or within the range of overlap between M. sanguinipes and M.
spretus, which is consistent with the discriminant model behav-
ior.

The Melanoplus legs exhibited the same hydrocarbon com-
position as the complete body in both taxa and the MDS plots
and discriminant models failed to show any consistent quanti-
tative differences between the legs and bodies.
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Table 2. Major hydrocarbons of M. sanguinipes, M. spretus and glacial specimens (mean percentage of total peak area+S.D.)

M. sanguinipes M. spretus Grasshopper Glacier Knife Point Glacier

Peak #KI N=65 N=15 N=16 N=9

1 2300 2.5%1.5 0.940.6 1.6+1.5 1.1+1.1
2 2500 4.242.7 2.4+15 3.3£2.3 3.1%2.6
3 2700 16.916.7 13.5+7.5 17.0+4.9 14.315.2
4 2900 29.245.4 34.5+8.4 25.116.2 31.5+3.3
5 3100 8.312.7 8.612.5 9.5+2.7 9.1+2.0
6 3129 4.612.8 7.5£5.6 2.110.7 3.5£1.2
7 3300 1.5+0.9 1.140.6 1.6+0.4 1.3+0.9
8 3332 4.842.8 6.0£3.2 2.5£0.9 5.7+1.3
9 4127 1.540.8 0.640.2 1.310.6 0.9+0.3
10 4150 2.0£0.9 1.4+0.6 1.3+0.5 1.5+0.7
11 4327 4.0+1.7 3.5+1.1 6.711.1 2.840.8
12 4347 2.5+0.8 2.9+0.9 3.611.1 3.1+0.7
13 4524 1.740.5 1.520.5 2.8+0.6 2.140.3
14 4544 1.120.7 1.0+0.3 1.4+0.4 0.740.2
15 4723 21409 2.0+0.8 3.240.9 1.740.5
16 4746 2.410.6 2.4+0.7 3.540.9 2.240.6
17 4923 0.4£0.2 3.940.1 0.8+0.3 2.110.1
18 4945 4.0£0.9 3.610.9 5.0£1.1 3.710.7
19 5146 4.9+1.5 4.9£1.2 5.9+0.9 4.7140.3
20 5340 1.4+0.5 1.310.5 1.8+0.4 1.120.1

Table 3. Discriminant analysis of Melanoplus species and glacial fragments using a kernel density model with Epanechnikov
kernel: percentage correctly classified using a jack-knifed estimator.

Into Taxa- M. sanguinipes M. spretus

From Taxa

M. sanguinipes 94 6

M. spretus 15 85

Grasshopper Glacier 94 6

Knife Point Glacier 0 100

Discussion usually I=9 for backbone carbon-numbers above 35. The distri-

Results of the GLC-MS analysis of the methyl-branched
alkanes of M. sanguinipes are generally consistent with those
previously reported for this species (Nelson et al. 1984), as well
as for other Melanoplus species (Soliday et al. 1974; Jackson
1981). However, the specimens examined here suggest that the
diversity of methyl-branched compounds in this species, and in
Melanoplus in general, is much greater and more complex than
previously indicated. The report of nine methylene units be-
tween the methyl-branch points for the internally-branched
dimethylalkanes in M. sanguinipes represents an overly sim-
plistic interpretation of a complex mixture of isomers. Exami-
nation of consecutive MS scans over each dimethylalkane peak
and correlation of diagnostic ions indicates that each peak
consisting of 9,x-, 11,x-, 13,x-, and higher dimethylalkane iso-
mers involves a mixture of isomers with the earlier eluting
isomers (KI xx50-55) having I=3 and the later eluting isomers
(KI xx60-65) 1=9 to I=11 or 13, with the dominant isomers

bution of isomers at a given carbon-number is generally bimo-
dal for dimethylalkanes having backbones in the range of 33 to
41 carbons and results in a partially split peak on non-polar
chromatographic columns having > 120,000 theoretical plates.
This peak splitting is seen in the chromatograms for the glacial
specimens as well as those from M. sanguinipes and M. spretus.
The relative proportions of the I=3 versus I=9 and higher
isomers found in a specific peak exhibits considerable intra-
specific variation and does not appear to be species specific.
Previousreports of Melanoplus cuticular methylalkane com-
position have not included trimethylalkanes. The overall simi-
larity inhydrocarbon patterns between all species of Melanoplus
examined to date suggests that this reflects analytical differ-
ences, particularly with respect to chromatographic resolution,
between this and earlier analyses rather than taxonomic or
individual variation. Internally-branched trimethylalkanes con-
sisting of mixtures of 9,x,y-, 11,x,y-, 13,x,y-, and 15,x,y- isomers
have been reported from four species of Schistocerca (Lockey &
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Oraha 1990; Grunshaw et al. 1990) and are likely to be a com-
mon, albeit minor, component of acridid cuticular hydrocarbon
patterns.

There are no clear qualitative differences in hydrocarbon
composition between M. sanguinipes and M. spretus. Unfortu-
nately, previous reports of cuticular lipids of other Melanoplus
species (Soliday et al. 1974; Jackson 1981; Nelson et al. 1984) are
difficult to compare with the present analysis because of poor
resolution, and it is not yet possible to fully elucidate the range
of variation in hydrocarbon composition that exists within this
genus.

Quantitative differences in hydrocarbon patterns between
gregarious and solitary phases of the migratory locust Locusta
migratoria cinerascens have been reported (Geninet al. 1986). The
proportion of long chain n-alkanes was found to be lower in
solitary phase locusts than in the gregarious phase. This shift in
hydrocarbon composition has not been verified for other grass-
hoppers having similar phase changes. The discriminant analy-
sis resultsindicate that quantitative differences in hydrocarbon
patterns exist between M. sanguinipes and M. spretus. Hebard
(1917) suggested that M. spretus was the migratory phase of M.
sanguinipes (Hebard 1917). However, specimens of M. sanguinipes
collected from natural outbreaks differ morphometrically from
M. spretus (Lockwood 1989). Early attempts to induce M. spretus
from M. sanguinipes by altering conditions in the laboratory
(e.g., crowding, food quality, temperature, and humidity) met
with partial success (Faure 1933, Brett 1947). Although the
evidence for conspecifity was considered generally lacking
(Gurney & Brooks 1959), some acridologists still consider M.
spretustobe the gregarious or migratory phase of M. sanguinipes
(Capinera & Sechrist 1982).

The kernel density and quadratic discriminant models for

M. sanguinipes and M. spretus exhibited similar classification
errors for the n-alkanes in combination with the methylalkanes
as for the methylalkanes alone. The observed differences in
hydrocarbon patterns for these two putative species is not
simply defined by proportional shifts in the n-alkanes. In
addition, the n-alkanes by themselves resulted in poor dis-
crimination with all of the discriminant models. Without fur-
ther investigation, it is not possible to rule out a phase correla-
tion with hydrocarbon pattern in Melanoplus that involves the
methylalkanes.

The methylalkane composition of the Grasshopper Glacier
fragments is similar to that of the two species of Melanoplus
examined, and it is not possible to unambiguously refer the
glacial fragments to either taxon based upon n-alkane and/o:
methylalkane compositions only. Thus, the identification of the
Grasshopper Glacier fragments remains ambiguous. The cu-
ticular hydrocarbon patterns of these fragments are within the
range of overlap between M. sanguinipes and M. spretus and
cannot be identified as either with certainty.

The Knife Point Glacier specimens can be more confidently
classified as M. spretus. The degree of sampling bias in this
study is difficult to evaluate. Melanoplus spretus is poorly repre-
sented in collections both in overall numbers and geographical
representation and thus may be insufficiently sampled to re-
flect the actual variation. Neighborhood-defined discriminant
models such as the KDE can be expected to exhibit sensitivity
to sampling bias; however, the KDE results were identical to
that of the space-partitioning quadratic model. In addition, the
classification results were robust with respect to random

—

subsampling of the M. sanguinipes to equalize sample sizes.

We were quite pleased to be able to successfully recover,
analyze and describe saturated hydrocarbon compounds from
600 year-old insects, although their preservation in ice was
doubtlessly helpful. The remarkable similarity between the
glacial fragment composition and that of the modern speci-
mens suggests that these compounds are subject to little degra-
dation due to weathering and that the hydrocarbon composi-
tion of Melanoplus has been relatively stable for at least half a
millennium.

Although the methylalkane composition of Melanoplus has
remained relatively invariant atleast since the deposition of the
glacial fragments, the degree of temporal stability in the cuticu-
lar hydrocarbon patterns remains unknown and the possibility
that quantitative shifts have taken place cannot be ruled out.
Melanoplus sanguinipes collected from a single locality over a
period of years did not exhibit clear temporal shifts in pattern,
but the small sample size precludes definitive conclusions.

The degree of differentiation in hydrocarbon pattern be-
tween M. sanguinipes and M. spretus is consistent with their
presentstatus as distinct taxa. Further analysis of phase- related
variation in patterns within the melanopline grasshoppers will
be necessary to determine to what degree this differentiation is
influenced by phase shifts.
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