THE SOUTHWESTERN NATURALIST 37(3):247-251

SEPTEMBER 1992
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AN AEOLIAN INSECT COMPONENT

JAMES HALFPENNY AND MICHAEL HEFFERNAN

Institute of Arctic and Alpine Research, University of Colorado, Boulder, CO 80309

ABSTRACT—Large quantities of non-alpine insects are blown episodically onto some alpine tundras.
These events may have return intervals as short as 3 years in Colorado. Windblown depositions of a
moth (Loxstege cerareoles, Pyralidae) from one episodic event were analyzed to determine the possible
influx of soluble nutrients to the alpine tundra. Ten chemicals were identified in or on the insect
bodies. Significant external additions of soluble phosphorus and potassium occurred to the alpine, but
additions of soluble nitrogen were probably not significant. Phosphorus additions may represent a
relatively new input source emanating from contamination by fertilizers used on alfalfa crops on the
Great Plains. Potassium inputs may originate in the soils of the Great Plains and may increase
buffering capacity in the poorly buffered tundra soils of the Colorado Front Range.

The deposition of windblown insects is an im-
portant ecological process in high alpine regions
(Swan, 1967; Mani, 1968; Edwards, 1987) with
the “aeolian zone” defined as that area of the very
high alpine, above the limit of vascular plants,
where organisms are primarily or exclusively de-
pendent on nutrients imported by the wind (Swan,
1963, 1967). In these areas, with limited or no
primary production, imported nutrients are im-
portant. However, in alpine tundra areas, below
the aeolian zone but above treeline, the impor-
tance of this insect nutrient source is less well
understood. Spaulding (1979) estimated carbon
input to the aeolian zone in California, and es-
timates of nitrogen and carbon inputs are avail-
able from the Arctic (Edwards, 1972; Edwards
and Banko, 1976). :

Windblown insects from non-alpine regions
occur on Niwot Ridge, Front Range, Colorado
(Alexander, 1950, 1951; May, 1980) as a result
of two influx processes. The first type is the fre-
quent arrival of non-alpine insects blown by strong
upslope summer winds originating on the Great
Plains east of the Rocky Mountains (Wellington,
1945). These frequent events bring live insects of
many different taxa ranging in size from small
flies to large grasshoppers and dragonflies. The
second type occurs episodically, when large quan-
tities of a single species of insect are blown onto
the Ridge. Single-species influxes may be com-
posed of insects from unusual population highs
or from dispersing swarms, i.e., migrating locusts,

blown off course. Episodic events differ from fre-
quent influxes by being composed of large num-
bers of a single species. The frequency of episodic
events is difficult to ascertain. Since 1979, we have
observed three episodic influxes to Niwot Ridge,
indicating a possible short-return interval. How-
ever, the last episodic event was in 1985. Grass-
hoppers frozen in glacial ice in Montana and
Wyoming indicate that insect influxes are a long-
term phenomenon dating back at least 600 years
(Gurney, 1953).

The role of windblown insects in the nutrient
balance of alpine tundra is not known, nor are
data available to indicate the amount of nutrients
that insects may add to an alpine ecosystem. If
the alpine tundra is functioning with nutrient
deficiencies of nitrogen, phosphorus, and potas-
sium (Faust and Nimios, 1968; May, 1976; Ir-
win, 1982; Shulls and Mancinelli, 1982), then
additions from wind-imported insects may be eco-
logically significant. Also one chemical of interest
in the alpine (DDT, dichloro-diphenyl-trichlo-
roethane) may have a wind-transported origin.
Chemical analyses of ptarmigan chicks and their
eggs conducted during the International Biolog-
ical Programme (IBP) identified insects as vectors
in the transport of DDT from the plains to the
alpine regions on Niwot Ridge (J. D. Ives, pers.
comm.). Episodic influxes of insects may trans-
port significant contributions of nutrients or other
chemicals, but amounts are hard to quantify be-
cause of the temporal rarity of the inputs.
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Large outbreaks of the moth Loxostege cera-
reolis (Pyralidae) occurred on the plains of Col-
orado in May 1985. These moths are the adult
stage of the alfalfa web worm, which infests al-
falfa crops on the plains.

During population explosions, the moth L. ce-
rareolis shifts to a dispersal behavior, often flying
at high altitudes (U. Lanham, pers. comm.). Once
airborne, dispersal aggregations may be con-
trolled by the powerful Colorado winds which
carry them to the high mountains. As live insects
encounter the cold alpine air, they tend to fold
their wings and fall to the ground (Furniss and
Furniss, 1972; Elias, 1982). By June 1985, the
episodic moth fallout was apparent on alpine
snowfields. We report, here, on the depositional
density of moths on Niwot Ridge, following the
outbreak in May 1985, and provide minimum
estimates of soluble nutrient input to the alpine
ecosystem from this episodic event.

MATERIALS AND METHODS—The Saddle study site
(3,525 m above sea level) was located on Niwot Ridge,
Colorado Front Range, 50 km west northwest of Boul-
der. The ecological background of this area was sum-
marized by Halfpenny (1982) and Ives (1980).

A permanently marked grid, the Saddle Grid,
stretched 550 by 350 m from West Knoll across the
Saddle to East Knoll. Six plant communities formed a
topoclimatic gradient from the east end of the grid to
the west end of the grid: fellfield, dry meadow, moist
meadow, shrub tundra, wet meadow, snowbed (May
and Webber, 1982). The east end of the transect blew
free of snow in the winter and was relatively dry, while
the west end was in the snow depositional zone and
could be covered by up to 7 m of snow.

On 5 June 1985, we collected moths on the snowfield
of the east-facing slop of West Knoll. Collections were
made on the snowfield because moths were highly vis-
ible on the snow surface. However, moth deposition
was also noted on bare ground and in the snow-free
plant communities. Samples were taken at 10-m in-
tervals starting at grid marker number 35 on the Saddle
Grid and proceeding west toward the top of West Knoll.
Twenty sampling stations with an area of 0.25 m? each
were established.

Moths were first carefully picked from the snow
surface. Next, the snow was excavated to a depth of
10 cm, and all moths were separated from the snow.
Most moths were found near the surface. Next, we
visually selected five areas on the snow where density
of moths appeared to be especially high and sampled
these areas using the same method. Random samples
of moths were frozen for later chemical analysis.

Two solutions containing moths were prepared for
chemical analysis at the University of Colorado Long-
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Term Ecological Research Water Quality Laboratory.
Moths in each solution were ground into a fine paste
using a mortar and pestle to break apart any visible
pieces. A subsample of 11 moths (total weight of 0.173
g) was soaked in distilled, deionized water for 18 h. A
second set of 10 moths (total weight of 0.1650 g) was
soaked in distilled, deionized water for 2 h. Water was
used to extract soluble nutrients. Two different time
periods were used to estimate a minimum time nec-
essary for soaking. Mean individual moth weight for
21 moths was 0.0161 g. Both solutions were stirred
and filtered with a 0.45-um membrane filter. For fur-
ther analysis, the volume of filtrate was increased to
200 ml by adding deionized water. Cation analysis was
performed with a Perkin-Elmer Model 2280 flame
atomic absorption spectrophotometer. Anion analysis
was performed by a Dionex 20101. Each solution was
sampled and analyzed three times.

The following formula was used to calculate the
amount of each compound input to a square meter of
the alpine system: (ion in ug/g)(21 insects/m?)(0.0161
g/insects) = X in ug/m? The letter X is the unknown
compound being calculated.

RESULTS—Density of moths on the snow sur-
face was 11.0/m? (SD = 2.81, n = 20); while
those melted into the snow down to 10 cm below
the surface had a density of 10.2/m? (SD = 2.59,
n = 20). Total density was 21.2 moths/m? of
surface area (SD = 4.31, n = 20) with the number
ranging from 4 to 168 moths/m2 Three areas
selected for their especially high densities had
100, 132, and 168 moths/m2. All values should
be considered as minimums because some moths
were removed by birds foraging on the snowfield,
an effect we were not able to estimate.

Results of the anion and cation analysis are
shown in Tables 1 and 2. For most ions, the
solution made by the 2-h soaking period showed
the highest concentrations. This was not true for
Ca**, K*, and SO, . The smaller concentrations
in 18-h solution may represent adsorption to the
glass wall of the beakers. For the remainder of
the analysis, we used the highest concentration
figure to determine if nutrient amounts might
reach minimum levels to be of biological impor-
tance.

Our laboratory soaking crudely simulated
leaching that occurs to insect bodies during de-
composition in the field (note rain water is not
deionized). It would not disassociate chitin since
chitin is a very resistant substance, insoluble in
water, alcohol, or dilute acid and only broken
down only by Bacterium chitinivorum (Borror et
al., 1981; Schelvis and van Geel, 1989). Moths,
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TABLE 1—Results of anion and cation analyses. So-
lution 1 was soaked for 18 h, and solution 2 was soaked
for 2 h. Each value is the mean of three tests run on
a solution. Significant differences between solutions
(P < 0.05) was found for each compound except F-.

Solution 1 Solution 2

Compound ug/g +SD  pg/g  *SD
F- 12.83  0.61 29.33  0.86
ol 4173 0.42 5358  0.49
PO,-P 818.57 7.46 846.39  3.25
SO, 75.18 3.05 2970  0.29
(NO,” + NOy) 1322 037 2957  0.51
CA** 54.55 1.21 46.06  0.97
Mg+ 59.52  0.81 65.05  0.44
Na* 4315 124 6558  0.40
K* 480.00 3.03  421.09 10.42

however, have a relatively small amount of chitin
compared to other insects such as ants, beetles,
and grasshoppers, so we do not believe eventual
degradation of chitin, C;,Hs,N,O,,, will add sig-
nificantly to nitrogen input. Bound nitrogen from
chitin will eventually be added to the ecosystem,
and amounts shown from the moth fallout should
be considered as minimum estimates. Our labo-
ratory process may imitate what actually occurs
in nature, because most of the soluble chemical
compounds would be released by initial leaching
of soft parts of the body and exoskeleton.

DiscussioN—The two soaking periods used
for anion and cation analysis yielded different
results perhaps because of adsorption to the glass
wall of the beakers. For future tests, we recom-
mend the use of teflon-coated beakers to prevent
adsorption. Alternatively, the difference may rep-
resent real differences in the two samples, and it
is regrettable that additional samples were not
analyzed for each time interval when the event
occurred.

Moth fallout was not uniform on the alpine
tundra. Some high-density depositional areas that
appeared to have resulted from flocking behavior
of moths deposits were located on flat snow areas.
Other dense concentrations of moths occurred be-
cause wind re-deposition and snowmelt runoff
concentrated moth bodies in depressed areas. Lo-
calized areas with dense concentrations of moths
had nutrient concentrations increased about eight-
fold, 168 moths/m? compared to the mean of 21.2
moths/m?.
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TaBLE 2—Nutrient inputs from moth fallout. The
largest value from the test solutions was used to cal-
culate the nutrient inputs on an areal basis. Three
solutions were analyzed for (NO,” + NO;~) whereas
two solutions were analyzed for the remaining com-
pounds.

Test . .
. Nutrient input
solution

Compound (18/8) (ug/m?)  mg/m?)
F- 29.33 9.92 0.010
Cl- 53.58 18.12 0.018
PO,-P 843.39 285.15 0.285
SO,— 75.18 25.18 0.025
(NO,” + NO;y°) 29.57 10.01 0.010
CA*+ 54.58 18.44 0.018
Mg+ 65.05 21.99 0.022
Na+ 65.58 22.17 0.022
K+ 480.00 162.29 0.162

In addition to moths serving as a food source,
external additions to alpine ecosystems of nitro-
gen and phosphorus compounds are important
because of their potential limiting effect on pri-
mary and secondary production, However, nitro-
gen addition from the moth influx did not appear
to be significant. Soluble nitrogen from moths
(0.010 mg/m?) was 500-fold less than the mean
annual amount of nitrogen fixed biologically on
Niwot Ridge, 5 mg/m? (Wojciechowski and
Heimbrook, 1984). Even on a community-by-
community basis, soluble nitrogen from moths
appears insignificant. The dry meadow com-
munity fixes the least nitrogen per year, but 66
times more (0.66 mg/m?) than moth input. Data
are still needed on the cumulative effect of the
continual influx of all windblown insects during
a summer.

Estimates for phosphorus and potassium in-
dicate potentially important additions to the tun-
dra. Soluble phosphorus (PO,-P = 0.285 mg/
m?/event) from the moth infux was unexpectedly
high (Irwin, 1982). Loading rates for bulk pre-
cipitation near our sample site averaged 5.5 mg/
m?/year for soluble PO,-P (Grant and Lewis,
1982). Phosphorus input from moths was 5% of
the annual atmospheric input and represents an
external, therefore possibly important addition to
the alpine nutrient budget.

The PO,-P carried by the moths may originate
from fertilizers used on the Great Plains. In gen-
eral, farmers in Colorado use nitrogen-based fer-
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tilizers. However, since alfalfa is a legume which
can fix nitrogen, the main fertilizer used on alfalfa
is Super Phosphate (F. Pierce, pers. comm.). Since
fertilization in Colorado is <100 years old, we
do not know if this new source of phosphorus has
influenced primary production in the alpine.

We could not determine if phosphorus was on
the insect or contained within its body. Winds,
which blew the moths up to Niwot Ridge, may
have deposited phosphorus-rich soil on moth bod-
ies.

Soluble potassium, also detected at raised levels
in our samples, is not a component of fertilizers.
Larvae feeding on alfalfa grown on potassium-
rich soils may have an increased potassium con-
tent when they molt to moths (F. Pierce, pers.
comm.) or potassium soils may be deposited on
their bodies.

Acid precipitation is a relatively new phenom-
enon in the Front Range which is poorly buffered
against the effects of decreasing pH (Lewis and
Grant, 1979, 1980; Kling and Grant, 1984). Li-
taor (1987) suggested that wind-borne calcium
may serve to increase buffering capacity. Potas-
sium from insects could have an additive effect
on buffering capacity.

Episodic transport of insects to the alpine pos-
sibly creates important additions of PO,-P and
K*. The phenomenon of PO,-P enhancement may
be relatively new to the alpine and may result
from insects serving as vectors of agricultural
practices on the Great Plains. Future episodic
and continual influxes should be tested for soluble
and insoluble nutrient inputs.
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