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ABsTRACT: Four species of aquatic insects (Hesperoperla pacif-
ica, Rhyacophila acropedes/R. vao, Drunella doddsi and Rhithro-
gena robusta) were subjected to suspended ash concentration of ca.
2000 mg/1 in laboratory streams for 48 hr. Macro- and microscopic
examination revealed substantial ash accumulation on the exo-
skeleton; however, acute toxicity was not noted. Ash-impacted
aquatic insects placed in a clean water environment voided appre-
ciable amounts of ash within 24 hr. We conclude that the four
species studied had high short-term exposure tolerances to ash and
that behavioral attributes allowed for the removal of exoskeletal
ash deposits once the perturbation ceased.

Volcanic activity in the Cascade Mountain Range of western Washington
during 1980 represented a potentially detrimental influence on aquatic eco-
systems within regions of ash fallout. Areas in northern Idaho were impacted
by the primary ash plume from Mt. St. Helens 18 May and subsequent
eruptions. Ash deposition within the effected area ranged from a few mil-
limeters to five or more centimeters (Cook et al., 1981).

The mineralogical properties of volcanic ash have been studied by Fruchter
et al. (1980) and Hooper et al. (1980). Cook et al. (1981) reported ash acting
as an abrasive on the epicuticular wax layer on terrestrial insects causing
rapid desiccation and death.

Information concerned with the effects of volcanic ash on aquatic insects
is poorly known. Aquatic insects are integral components of stream ecosys-
tems and serve as an intermediate link in the plant-to-fish food chain. Ad-
verse effects of volcanic ash on the lower levels of the food chain could
ultimately influence higher trophic levels and affect overall stream ecosystem
stability.

Because of the general lack of information on the effects of ash on aquatic
insects, we conducted a series of laboratory studies to: 1) examine the location
and deposition of ash on the exoskeleton, especially respiratory structures,
and 2) examine ash-voiding mechanisms of insects.
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Fig. 1. Macroscopic dorsal views of Hesperoperla pacifica (A) and Drunella doddsi (B).
(1 = ash-impacted, 2 = control, 3 = ash-voided).

Methods and Materials

Oval plexiglas streams described by Brusven (1973) were used. Insects
were collected in the field and placed in 20 X 20 X 15 cm aluminum screened
cages in control (ash-free) and test (ash-impacted) streams maintained at
8.0 &+ 2.0°C and mean current velocity of 0.18 m/sec. The cages were sus-
pended =~3.0 cm above the stream bottom. Suspended ash in the impacted
stream was maintained at 2000 + 200 mg/l. The ash was collected imme-
diately after the May 18 eruption and conformed to physical properties
characterized by Hooper et al. (1980).

Fifteen late instar naiads or larvae of four insect species were examined
for exoskeletal ash accumulation after 48 hr exposure to an ash and non-ash
impacted stream. The four species studied were the stonefly Hesperoperla
pacifica (Banks), the caddisfly complex Rhyacophila acropedes Banks/R. vao
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Fig. 2. Macroscopic dorsal views of Rhyacophila acropedes/vao (A) and Rhithrogena robusta
(B). (1 = ash-impacted, 2 = control, 3 = ash-voided).

Milne and the mayflies Drunella doddsi Needham and Rhithrogena robusta
Dodds. These species were chosen because of their common occurrence in
streams impacted by ash, availability and functional status. After 48 hr, five
insects were removed from each stream and preserved. The remaining insects
from the ash-impacted stream were removed and placed in an ash-free
stream for 24 hr to observe and evaluate ash-voiding behavioral mecha-
nisms. Mobility and other body movements (e.g. leg flexing) were the primary
behavioral mechanisms examined.

The dorsum of insects taken from ash-free and ash-impacted streams was
photographed using standard macrophotography techniques for purposes of
documenting regions of ash deposition and ash-voiding properties.

The distribution and effects of volcanic ash on external respiratory struc-
tures of selected aquatic insects were investigated by scanning electron mi-
croscopy (SEM). Insects used in this experiment were those previously cited
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Fig. 3. Scanning electron micrographs of external gill structures of Hesperoperla pacifica
(A = ash-impacted; B = control 360X) and Drunella doddsi (C = ash-impacted, D = control
220X).

except the caddisfly Cheumatopsyche sp. was substituted for Rhyacophila
arcopedes/vao because of availability.

Results and Discussion

EXOSKELETAL CHARACTERIZATION AND ASH ACCUMULATION: Exoskeletal
characterization and ash deposition on the insect bodies are given in Table
1. Insects exposed to an ash-impacted stream for 48 hr had substantial ash
accumulations (Table 1, Figs. 1, 2). All four species exhibited heaviest ash
deposits on the dorsum of the head, thorax and abdomen. The antennae,
mouthparts, legs, intersegmental membranes and gills exhibited appreciable
ash coatings. In all cases, a very light ashing was observed on the venter of
the head and thorax. The venter of the abdomen was also lightly ashed with
the exception of Rhyacophila arcopedes/vao and D. doddsi. The large ventral
suction disc of D. doddsi and the moderately pubescent, deep membranous
abdominal folds of R. acropedes/vao were heavily coated with ash. Aquatic
insects possessing prominent exoskeletal sculpturing, body armature and
pubescence had the highest ash retention properties.



JOURNAL OF THE KANSAS ENTOMOLOGICAL SOCIETY

294

poyse poyse Apysy payse Apysi
Apy31 uswopqe XBIOY} JO ISJUSA— Py JO IO1UOA — PazZnoIs[Os
JO IMUIA— payse payse A[1aedy AQaeay ousosaqnd 13—
payse Aiaeay s3a] peay Jo doy 0] 31BISpPOW uswopqe
Aiaeay S[[i8 pue pue wnjourdw pue suedyinows uswopqe udwWopqe Y} pue xeioy) DIsSngos
©313] [eurwIOpqe— ‘osowr ‘oxd— ‘9BUUIIUBR— DUE XBIOU) ‘pedy— U0 S[13 dej[oure]— ‘peay yloowrs— vuasoLYIYy
pause payse Apysi| poyse Apysy
Ap1aeay osIp XBIOY] JO JOJUSA — peay JO 19UdA— PazZnoIa[os ouddsaqnd 1ydi—
uonons [BIUIA— poyse payse Ajiaeaq Aiaeoy uswopqe
payse Apiaeay 391 peay jo doy 0] 9JBIpOW pue xeroy)
Aniaeay s[i3 pue Ppue WnouBRW pue suedyinow uswopqe uawopqe ay} ‘peay painidnos 1sppop
©319] [eUTWIOPqR— ‘osaut ‘o1d — ‘OpuUd]UB— pUE XBIOY) ‘PBIY— UO S[[I3 dje[[ouIe]— A19rerspowr — pjjauniq
PAaZNoIPOS
poyse Apysiy payse Apyd  Apysdy uewopqe
XBIOY} JO IOJUdA — peay JO ISJUsA—  PUB XBIOYjejowW
payse payse AJ1aeay XBIOY}0SU —
payse Afiaeay s39] peay jo doy xeloyloid pue uswopqe dy} uo oudosaqnd 13—
Anaeay sqi3 pue wnjouew pue suedyinow Ppeay PaZnoIdds S[[13 snojudwe[y xeloyqiord pue ova/sapadooy
pue udwopqe— ‘osawr ‘o1d— ‘oeuudlue— Afiaeay— pa1aisnpo— pesy yloows— pyydoovdyy
payse Apysy oudosaqnd
payse payse Apysn peay JO I9IUdA— usuopqe Aaeoy
Apysy uswopqe XBIOU] JO IQIUSA— yse yim Jo dn pue 0] eIdpOW —
JO I2udA— payse Pa1e0d AfIABIY udwopqe XBIOY} 3y} uo uswopqe
payse Aqiaeay s[ii3 pue peay jo doy pue xeIoy) S[[13 SnojuswIe[y pue xeioy)

A[iA®oY 1010 pue $39] ‘wrmoueldw pue suedyinow ‘PrAY PIZN0IIIS payouriq ‘peay painidnos voytond
©310) [eUTWIOPQR— pue osowr ‘oxd— ‘druudIUR— Apiaeoy— Apsnyord — Ay8nor— pjadosadsay
wWwWopqQy xeloy] PesH UONBZNOII[IS ad4y pue s[o uoTjezIORIRYD Apog saradsg
Jo 9a13ag

SUOTIB20] uonNIS0dap,, 103sul pasodxa-ysy 1095Ul RY-YSY
*$100sul onjenbe INOJ UO UOCTIB[NWINOOE USB PUB UORZLINORIRYD [BI3[SOX] '] JqBL



VOLUME 55, NUMBER 2 295

Fig. 4. Scanning electron micrographs of external gill structures of Cheumatopsyche sp.
(A = ash-impacted; B = control 2700X) and Rhithrogena hagenii (C = ash-impacted, D = control
1300X).

Previously ash-exposed insects, H. pacifica, D. doddsi and R. robusta,
voided the majority of ash within 24 hr in an ash-free stream (Figs. 1, 2).
The only ash found on these insects was a small quantity on top and beneath
the wing pads and on the thoracic gill filaments of H. pacifica. Rhyacophila
acropedes/vao, however, retained appreciable quantities on the abdominal
gills.

Microscopic examination (SEM) of insects exposed to high concentrations
of ash revealed substantial accumulations of ash on respiratory structures
(Table 1, Figs. 3, 4). In no instance did we observe lesions or abrasions on
these delicate structures.

While short-term acute ash effects were not noted, long-term chronic
effects are possible, particularly if insects were subjected to long periods of
ash perturbation.

INSECT BEHAVIOR AND ASH-VOIDING MECHANISMS: Selected aquatic insects
subjected to ashed and ash-free conditions exhibited no appreciable behav-
ioral differences. Mobility during daylight hours in test and control envi-
ronments was greatest for H. pacifica and R. robusta followed by D. doddsi
and R. acropedes/vao. In both environments, the insects resided on the sides
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and bottoms of the cages, with the exception of R. acropedes/vao which was
found in the corners of the cages.

Ash-voiding behavior was observed for H. pacifica, R. robusta and D.
doddsi but not for R. acropedes/vao. After ash-covered nymphs were placed
in an ash-free stream they demonstrated higher levels of activity than control
insects for approximately the first two hr. The majority of the test insects
were found on the sides of the cages and oriented upstream. Except for R.
acropedes/vao ash-covered insects were largely successful in eliminating the
ash within 24 hr.

We conclude that the insects studied showed considerable short-term tol-
erance to external ash accumulations and that behavioral attributes, espe-
cially involved with increased activity contributed to the elimination of ash
from exoskeletal structures once the perturbation ceased.
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