Insect abundance and colonization rate in Fontinalis neo-mexicana (Bryophyta)
in an Idaho Batholith stream, U.S.A.!

M.A. Maurer & M.A. Brusven
Water Resources section, Alaska Division of Geological and Geophysical Surveys, Eagle River, AK, U.S. A.
Department of Entomology, University of Idaho, Moscow, I1D. U.S.A.

Keywords: insects, benthos, moss, sediment, stream, colonization

Abstract

Insect colonization rate and abundance in the aquatic moss, Fontinalis neo-mexicana were examined in the
South Fork Salmon River, Idaho, June 1978-August 1979 to determine the importance of moss as a habitat
for insects. The insect communities in moss as well as in the underlying and adjacent mineral substrates were
examined. Insects were sampled with a nylon organdy net in moss and with a Hess bottom sampler in mineral
substrate.

Insects colonized insect-free moss clumps to carrying capacity within one week. In a man-made stream
channel where flow, depth and substrate were controlled, insect densities were S to 30 times greater in moss
than the mineral substrate; insect biomass was approximately two times greater. Insect densities in pebble
substrates underlying moss and in adjacent mineral substrate were comparable. Moss cover did not apprecia-
bly alter insect densities in the underlying hyporheic zone composed of screened pebbles (1-2 cm diameter).
Insect ordinal and functional group composition was greater in moss than in the mineral substrate, however,
species richness was similar. Chironomids were the most abundant insects in moss.

Introduction tebrate faunas among aquatic plants. In Ireland,

Frost (1942) and Went (1940) indicated that Fonti-
nalis spp. increased insect production and provided
food and habitat for fish.

The aquatic moss Fontinalis neo-mexicana is
abundant in the upper reaches of many natural and

perturbed Idaho Batholith streams. High levels of
sedimentation is evident in many of these streams
because of erodible granitic parent material. En-
hanced sedimentation has resulted from man-caus-
ed disturbances such as road construction, logging,
mining and cattle grazing. Sediments degrade the
 habitats of insects and fish in these streams (Bjornn
et al. 1977); however, moderate amounts of moss
cover may offset some of the adverse effects of
sedimentation by providing a suitable habitat for
aquatic organisms. Rosine (1955) reported that va-
riations in leaf surfaces resuited in different inver-

{Published with the abproval of the Director of the Idaho Agri-
cultural Experiment Station as Research Paper No. 8169.

Because little is known of the insect-moss rela-
tionships in sedimented streams, especially in the
Idaho Batholith, this study was undertaken to de-
termine the rate of insect colonization in moss
clumps and to compare insect densities and diversi-
ties in moss clumps with the underlying and adja-
cent mineral substrates.

Study area

The upper reach of the South Fork Salmon River
(SFSR) in Idaho, was intensively studied during
1978 and 1979. The SFSR lies in the ldaho Batho-
lith, an area underlain with granitic parent material
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which readily decomposes into coarse sand. The
SFSR isslightly acid and noncalcareous. The study
area was 17 km from the river's source. Two sites
were selected for investigation, one in an oxbow of
the SESR, the other in a man-made channel that
cuts across the oxbow. The oxbow site had a sub-
strate of unembedded cobbles (63.5 127 mm) and
moss clumps averaging ca. 0.3 m2. Moss made up
ca. 25% of the total streambed cover. The channel
was built and previously used for spawning Chi-
nook salmon. It is 3m X 160 m long and drops”
0.5 minelevation overits length. A headgate at the
upper end of the channel permitted regulated flows
which were set at 0.09 m?/s. Studies were conduct-
ed in two 15 m reaches covered with small cobbles
(65-80 mm) and pebbles (15-32 mm), respectively.

Methods and materials

A block quadrat was set up at the SFSR oxbow
site to determine the colonization rate of insects in
moss clumps. All insects were removed from 30
moss clumps by multiple rinsing and handpicking.
The moss clumps were trimmed to approximately
40 X 15cm and placed on the streambed in five
staggered, horizontal rows with three clumps per
row. Insects were sampled weekly by analyzing the
three lowermost moss clumps (test) and three un-
disturbed moss clumps (control) on each sampling
date over five consecutive weeks.

At the SFSR channel site two moss clumps (ca.
42 X 31 X 11 cm) were positioned on each of three
transects on pebble and cobble substrates during
1978 and 1979, respectively, to determine insect
densities and diversities in moss vs mineral sub-
strate. Thirty additional moss clumps were placed
in the test reach to simulate moss cover conditions
in the SFSR, and allowed to colonize for three
weeks. Moss clumps and the underlying and adja-
cent mineral substrates were sampled monthly dur-
ing the summer,

Four canister samplers, similar to those des-
cribed by Gilpin & Brusven (1976) were used to
examine the verticale distribution of insects in the
hyporheic'zone with and without overlying moss
cover. Each canister was filled with 1-2 c¢m pebbles
and embedded flush with the substrate in the pebble-
sand reach. The canisters were equally divided into
three sections by perforated plates having 1.24 cm

holes. thereby allowing horizontal and vertical in-
sect colonization. Two canisters were covered with
moss clumps trimmed to ca. 0.0015 m?. the other
two canisters were left uncovered. The two moss
clumps and the four canisters were removed and
sampled after a three-week colonization period. In-
sects were rinsed from the pebbles with a wire sieve
(6 mm meshsize)intoanorgandy net (250 um mesh)
and preserved in 70% ethanol.

Moss clumps were collected by placing theminto
nylon organdy net (250 um mesh) while in the
stream in order to minimize inscct loss. Each moss
sample was washed three times and filtered through
a nylon organdy net. The moss was then visually
examined and the remaining insects were removed
by handpicking. A Hess sampler (750 um mesh)
was used to sample insects to a depth of 7.5 cm in
mineral substrates. Samples were preserved in 700,
ethanol and later sorted and identified to species or
morphospecies; chironomids were identified only
to the family level.

An area of 0.093 m? was used to standardize the
number of insects in moss clumps in the insect
colonization phase of the study. Moss clumps hav-
ing similar height or ‘loft’ were selected for sam-
pling. A noncompressed volume of 0.01 m3 and
0.0015 m?* was used to standardize insect numbers
in the moss vs mineral substrate comparison study
and the insect vertical distribution study, respec-
tively. Moss clumps having a height of 7.5 cm were
selected for comparison with mineral substrate
samples, and 10 cm for comparison with canister
sections in the vertical distribution study.

The insect community was described in terms of
species richness, species diversity (H’) and evenness,
The functional description of insects was based on
the classification of Merrit & Cummins (1978).

Results and discussion

Insect density, species richness, species diversity
(H’) and evenness in test and control clumps were
relatively similar over a five-week colonization pe-
riod(Table 1). Insect densities approached carrying
capacity at the end of one week. An exponential
increase in insect density in moss clumps was ex-
pected during the initial weeks of colonization, but
was not apparent. The data suggest that coloniza-
tion tending toward carrying capacity occurred
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Table I. Mcan number of species. mean number of insects. 0.093 m?:, species diversity (H') and evennessin three test(T) and control(C)
Fontinalis neo-mexicana moss clumps during a five-week colonization period. 19 July 16 August 1978, in SFSR. Chironomidac
(Diptera) included as a single taxon for species richness, diversity (H') and evenness computations.

, | 2 3 4 S
. T C T C T C T C 1 C
X no. of :spccics 18 20 18 IS 14 13 14 17 17
Density; 0.093 m? 1771 1868 2159 4568 2251 2493 1906 2566 2540 1610
Diversity (H”) 2.62 2.85 2.37 2.1 2.54 2.50 2.33 2.86 2.78
Evenness 0.61 0.64 0.55 0.53 0.65 0.66 0.60 0.69 0.66

during the initial days of the first week, therefore,
increasing densities were not reflected during the
subsequent weeks. The caddisfly Micrasema sp.
and the mayfly Baetis parvus Dodds were particu-
larly prevalent during the time of the study and
were the principal contributors to density varia-
tions among clumps. Mean species richness ranged
from 13 to 20 over the five-week period, diversity
(H") from 2.11 to 2.86, and evenness from 0.53 to
0.69. The evenness values suggest a fairly even dis-
tribution among species in test and control moss
clumps since a value approaching zero indicates a
preponderance of a single or few species and a value
near 1.0 a highly equitable distribution in abun-
dance among the species.

Ordinal insect composition was similar in test
and control moss clumps and did not change appre-
ciably over the first, third and fifth weeks of the
colonization period (Fig. 1). Ephemeroptera was
the most abundant order of insects in both test and

control clumps, followed by Diptera, Trichoptera,

Coleoptera and Plecoptera. Baetis parvus was the
most abundant mayfly, Micrasema sp. the most
abundant caddisfly; chironomids comprised = 949
of the dipterans in both test and control clumps.
The riffle beetle Cleprelmis ornata (Schaeffer) was
the only species that was slow to colonize test
clumps, attaining carrying capacity after 4 to 6
weeks.

The functional group composition was relatively
similar in test and contro! clumps over the five-
week colonization period (Fig. 2). Collector-gath-
erers were most numerous followed by shredders,
collector-filterers, engulfers and scrapers. Collec-
tor-gatherers made up ca. 74% of the total density.
The emergence of the collector-filterer Brachycen-
trus sp. (Trichoptera) and the scraper Hydroptila

sp. (Trichoptcra) after three weeks (3 August) de-
creased the percentage of those two functional
groups.

We believe that the presence of fine particulate
organic matter (FPOM) and epiphytic algae may be
responsible for the rapid recolonization of insect-
denuded moss. Moss clumps act as sieves in the
water column to strain out suspended mineral, or-
ganic particles and algae. Coarse particulate organ-
ic matter (CPOM) settles out in the eddies behind
moss clumps and serves as a source of food for
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Fig. 1. Ordinal insect composition in test (T) and control (C)
Fontinalis neo-mexicana moss clumps in SFSR after one. three
and five weeks of colonization. 19 July-16 August 1978. E =
Ephemeroptera, D = Diptera, T = Trichoptera, C = Colcopte-
ra, P = Plecoptera.
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Fig. 2. Functional group composition in test (T) and control (C)
Fontinalis neo-mexicana moss clumps in SFSR after one, three
and five weeks of colonization, 19 July-16 August 1978. CG =
collector-gatherer, CF = collector filterer, SH = shredder, SC =
scraper, E = engulfer, T = trace representation of collector-fil-
terers (CF) and scrapers (SC).

certain insects. The many-branched moss allows
insects to occupy numerous microhabitats and to
function in different food gathering tactics (Glime
& Clemons 1972). In a lake study, Petr (1968) re-
ported the aquatic macrophyte Ceratophyllum
dermersum L. to be heavily silted and covered with
periphyton, but provided an abundance of feeding

opportunities for grazing and filter-feeding orga-
nisms.

We propose that moss may serve as a ‘reservoir’
for primary and secondary consumers when a river
is experiencing moderate levels of perturbation
from sediments. However, heavy moss cover in
reaches experiencing heavy bedload movement
may be counterproductive because deposition
fine sediments into and around the moss clumps
cause changes in channel geometry and overall hab-
itat quality.

At the SFSR channel site, insect densities were S
to 30 times greater in moss clumps than in the
underlying and adjacent cobble and pebble sub-
strates (Table 2). Densities in moss clumps were
greatest in the cobble reach during 1979; densities in
the underlying and adjacent mineral substrates
were comparable. Species richness in moss and ad-
jacent mineral substrate was similar and averaged
18 species; substrate underlying mos. averaged 13
species. Species diversity (H’) and evenness were
slightly higher in the adjacent mineral substrates
than in moss due primarily to the preponderance of
chironomids and three species of mayflies in moss.
The mean insect biomass (i.e. as dry weight) at the
channel site was 0.32 g/0.01 m? in moss clumps,
0.21 g/0.01 m? in underlying mineral substrate and
0.14 g/0.01 m3 in adjacent substrate. The moss
clearly increased insect biomass at the channel site.

Ordinal composition was highly variable among
moss and underlying and adjacent mineral sub-
strates (Fig. 3). Although Plecoptera, Coleoptera
and Trichoptera were not graphically shown be-
cause of very low densities from some minerai sub-
strates, they were often present. Chironomids were
the dominant insects making up over 82% of the

Table 2. Mean number of species, mean number of insects/0.01 m?, species diversity (H’) (pooled data for 12 clumps) and evenness in(C),
under{U) and adjacent(A) to Fontinalis neo-mexicana moss clumps from pebble and cobble covered reaches at the SFSR Chanrel site
during summers of 1978 and 1979. Chironomidae (Diptera) included as one taxon for number of species, diversity and evenness

computations.

Channe!l
Pebble Cobble
C U A C U A
Diversity 1.32 1.76 2.73 1.59 2.50 2.80
Evenness 0.23 0.33 0.48 0.27 0.45 0.49
X no. species 18 10 16 18 15 20
X no. insects/0.01 m? 3531 344 371 6954 339 663




6044 4763 7298 10442
30.0- a o o
~
R 0
20.04 -
= ) D ] P
o - -
= ]
;—/ p—y .
& 16.0 u ‘
=3
\ -1 . P .
“ —
-I:-l ] . ] ——
";'12.0' . ) 0 _:.
ax ) ¢
a “ = __L
- 0 ] [T ]
; 80" ] b - 1
s | 7] 1,
= 1 »
— 1 E £ 0 —
404 L 7] J )
T = L
4] ' o ’ —1 n R o|® [] § —
0 = 4 £Elp —1 =] = €
CUA C UA C UA CUA C U A CU A C UA CUA
P.R. P.R. P.R. C.R. P.R C.R. PR C.R.
8-2 8-23 7-12 7-12 8-1 a-1 8-17 8-~-17
1978 1979 DATE 1979

Fig. 3. Mean numbers of insects/0.01 m? of five aquatic insect orders in Fontinalis neo-mexicana moss clumps and the underlying and
adjacent mineral substrates in the pebble (P.R.) and cobble (C.R.) reaches, during August 1978 and July & August 1979 SFSR Channel
site. E = Ephemeroptera, T = Trichoptera, C = Coleoptera, P = Plecoptera, D = Diptera, C = moss clump, U = mineral substrates

under moss, A = mineral substrate adjacent to moss.

insects in moss'clumps in the channel site. The
mayflies Baetis tricaudatus Dodds, Ephemerella in-
frequens McDunn., Paraleptophlebia heteronea
(McDunn.) and the stonefly Cultus sp. were also
common in both moss and mineral substrates.

Functional group diversity was higher in moss
than mineral substrates (Fig. 4). Collector-gather-
ers were the most abundant functional group in
both moss and mineral substrates and were repres-
ented primarily by chironomids and mayflies. The
stonefly Hesperoperla pacifica (Banks) was the
dominant enguifer, Lepidostoma spp. (Trichopte-
ra) the dominant shredders and Simulium spp.
(Diptera) the dominant collector-filterers.

Moss cover did not appreciably alter insect densi-
ties in the hyporheic zone (Fig. 5). Densities in moss
clumps and the upper level of pebble-filled canisters
without moss cover were comparable with means of
143 and 126 insects/0.0015 m3, respectively. Canis-

ters with overlying moss cover had slightly lower
insect densities in the upper and lowermost canister
levels, but comparable in the middle canister level.
The significance of these findings is that moss does
not apparently attract or repel insects from a clean
pebble-sand hyporheic zone immediately beneath
the moss and alter the subsurface insect communi-
ty.

There was considerable similarity in ordinal and
functional group composition between sites. How-
ever, we believe the insect densities were higher at
the channel site because the low flows and depths
produced an accumulation of FPOM which pro-
moted collector-gatherers. Species richness was
greater at the channel site for probably the same
reason. Chironomids were by far the most abund-
ant insects in moss. Hynes (1961) reported that
chironomids are the ‘key industry’ organisms and a
major and constant food source for carnivores.
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Fig. 4. Mean insect functional group densities/0.01 m* in Fontinalis neo-mexicana moss clumps and the underlying and adjacent
mineral substrates in the pebble (P.R.) and cobble (C.R.) reaches, during August 1978 and July & August 1979, at the SFSR Channel
site. CG = collector-gatherer, CF = collector filterer, SH = shredder, SC = scraper, E = engulfer, C = moss clump, U = mineral
substrate under moss, A = mineral substrate adjacent to moss.
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These insects along with other moss-dwelling orga-
nisms may be an important food source for Chi-
nook Salmon fry in these streams. In Ireland, Frost
(1939) and Frost & Went (1940) found that trout
and young salmon stomachs contained a large pro-
portion of moss-dwelling organisms. The greater
standing crop of insects in moss likely contributes
to higher fish production in fish-rearing areas
which otherwise may be food limited. We contend
that at least a moderate amount of moss cover
promotes habitat diversity and production of ben-
thic invertebrates in the SFSR.

Fig. 5. Mean number of insects/0.0015 m* for three depths(U =
0 10cm, M = 10-20cm, L = 20-30cm) in two pebble filled
canisters with and without moss cover after a three-week coloni-
zation period, July 1978, SFSR Channel site. Bars indicate
insect density ranges for moss clumps and canister levels. C =
moss clump.
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