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ABSTRACT

The arthropod community in a Douglas-fir forest near Blue River, 	 Lane

County, Oregon was investigated from March through August 1973. 	 Five

stands of Douglas-fir were sampled: two clearcuttings, a young-growth
(20 years old), a midgrowth (125 years old), and an old-growth (450 years

old) plot. A pole pruner was used to sample the foliar fauna on 	 the trees

in the young-growth plot. The ground fauna was sampled by pitfall traps,

and the aerial fauna by rotary nets in each of the stand types. 	 Relative

abundances and general trophic categories and species lists for each strata
are presented with comment. Trapping method efficiencies are discussed
in light of the results of this study and data presented in the literature.
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INTRODUCTION

The	 terrestrial arthropod investigation of the	 Coniferous Forest Biome in

1973 was a generalized survey of the major arthropod groups associated with
various age stands of Douglas-fir, Pseudotsuga	 menziesii (Mirb.) Franco.

Surveys in the clearcut stands, 20, 125,	 and 450 years old, were standardized
to obtain relative abundances.

Three methods were used to sample numbers of macroarthropods in selected

forest strata.

Branches of young Douglas-fir trees were captured and pruned, and

their attendant fauna collected.

Pitfall traps	 sampled the ground macroarthropod fauna.

3.	 Rotary nets sampled the aerial fauna 	 1.83 m aboveground.

Sampling was carried out weekly from March 27 to August 10, 1973. Each
arthropod collected by the various sampling methods was stored in alcohol

and	 identified later in the laboratory. 	 Each sample received both a

standardized sample number designating sampling method and plot, and a
standardized week number following the scheme of Lewis and Taylor (1967).

Original identifications were usually to	 family level, but generic or
species determinations were obtained for most of the Coleoptera, Homoptera,

and	 Hemiptera. The arthropods collected 	 during this study are now located

in the Entomology Collection, Department	 of Entomology, Oregon State University

and work is presently underway to curate and further identify the arthropods.

Trophic Categories 

The general trophic categories are based on the presumed mode of feeding of

the	 life stage in which an arthropod was captured. An exception to this

classification occurred with many wasp families, such as Ichneumonidae and

Chalcididae. These were captured in the adult 	 stage and classified as
parasitic, although the adult was likely a nonfeeder, a nectar feeder, or

perhaps a partial	 feeder on the juices of the insect on which it oviposits.

Among particular groups of flies whose feeding	 habits differ according to
sex, a 1:1 sex ratio was assumed for purposes of trophic tabulation. Thus,

half the numbers might be assigned to parasites (as in blood feeders) and

the other half to phytophages (nectar feeders) 	 or unknown feeders. The

trophic tabulation, then, is preliminary and often based on presumed feeding

habits of whole families. The general categories recognized are:

Phytophages: Defoliators, sapsucking forms, and nectarivores feed

chiefly on any portion of a plant.

Carnivores:	 Feeders on live animal 	 material. This category was

subdivided into predators and parasites.	 Parasitoids, ectoparasites,

and bloodsuckers were considered parasites.

Scavengers:	 Fungivores, omnivores, 	 and opportunistic feeders,

feeding on dead or decaying plants or animals.

Ants: Many species of ants are specific to a particular food

source. Because of their often unique community position and
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inadequate	 species indentifications,	 however, they are	 treated
separately.

Nonfeeders or Unknown Feeders: This includes arthropods that are

characterized by one or more of the following conditions: They

appear not	 to feed in the life stage sampled; their feeding habits
are unknown; they belong to families with such diverse 	 feeding

habits (depending on the actual species involved) that 	 no attempt

was made to place it in an arbitrary category.

Site Description 

Sampling was conducted in the H. J. Andrews Experimental Forest (recently
established as an Experimental Ecological Reserve) in 	 Oregon's western

Cascade Mountains (lat. 44 0 13' N; long. 122°10' W.). 	 Five plots, representing

four stand ages of Douglas-fir, were sampled.

Plot 1, a 20-year-old stand at 610-m elevation, was the young-growth plot

in this study.	 It is a low, flat, parkland area that 	 gradually sloped

northward from 0 to 25°, along the southern bank of Lookout Creek. The
site was clearcut in 1951 and reforested	 in 1953. When sampled, tree density

was estimated as 720 trees/ha. Trees were about 10 m tall. Tree density
on steeper slopes averaged 916/ha, and density on the 	 lower, more open

area was about 532/ha. This plot was crisscrossed with burned slash, and
the understory was dominated by Ribes sanguineum Pursh and Epilobium 

angustifolium L.

Plot 2, a 125-year-old stand of pole-size second-growth Douglas-fir (Dyrness

and Hawk 1972),	 was the midgrowth plot.	 It was located on a hill at a

higher elevation (975 m) than the other plots and was 	 not affected by

climate associated with creekside proximity and valley-floor air movement.
Trees were about 30 m tall with an open understory, except for patches of
Rhododendron macrophyllum G. Don, Vaccinium parvifolium Smith, Rubus 
ursinus Cham. and Schlect., and Berberis	 nervosa Pursh. The litter layer

on the forest floor was thin and composed primarily of needles, small twigs,

and branches broken from the trees. Snow cover was more persistent because
of the higher elevation. The site was clearcut in 1974, the year after

sampling.

Plot 3, a 450-year-old stand along the southern bank of Lookout Creek at

474-m elevation, was the old-growth plot. Tsuga heterophylla (Raf.) Sarg.

trees were scattered in the clearings. Acer circinatum Pursh, Gaultheria 
shallon Pursh, Berberis nervosa Pursh, and Rhododendron macrophyllum G. Don

were the dominant shrubs and Linnaea borealis L., Achlys tri h lla (Smith)
DC., Oxalis oregona Nutt., and Polystichum munitum (Kaulf. 	 Presl the

dominant herbs. Much moisture was retained by the thick litter and moss

layer in this plot.

Plot 4, along the southern bank of Lookout Creek, and 	 Plot 5, along the

northern bank of McRae Creek, at 610-m elevation, were level clearcut

plots. Despite	 reforestation, few replanted Douglas-fir trees survived.

Acer circinatum	 Pursh, Epilobium angustifolium L., and Rubus ursinus Cham.

and Schlecht., trailed over burned slash, bareground, 	 and protruding rocks.
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The open and exposed nature of these plots	 resulted in higher temperatures

and lower humidity than in the more forested plots.

Air temperatures were recorded in Plots 1, 	 2, and 4 with a sheltered

Yellow Springs hygrothermograph located 1 m aboveground. Plot 4 showed

the greatest extremes in mean weekly maximum and minimum temperatures,

followed by Plot 1 and Plot 2 (Figure 1). 	 Lack of cover in Plot 4 allowed

a great deal of reradiation. The low maximum temperatures in Plot 2 were

due to the higher elevation and greater cover from the tall midgrowth

trees. The minimum temperatures at the lower elevation of Plots 1 and 4

were affected by cover (or lack of it) and	 the effects of cold-air drainage

associated with the location in the Lookout Creek canyon bottom. Thus,

the minimum temperatures experienced in the young-growth and clearcut plots
were usually lower than those of the midgrowth plot at a higher elevation.
The temperatures recorded in the three plots responded similarly to cloud

cover and precipitation (Figures 1 and 2).

Figure 1. Mean maximum and mean minimum air temper-

atures 1 m aboveground in Plots 1, 2, and 4 from

March through August 1973 in the H. J. Andrews

Experimental Forest, Oregon.
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Figure 2. Weekly precipitation (cm) recorded from

March through August 1973 by the U.S. Forest Service
at a station adjacent to old-growth Plot 3 in the
H. J. Andrews Experimental Forest, Oregon.

Precipitation was recorded by the U.S. Forest Service at a station adjacent

to Plot 3 above Lookout Creek. The amount of precipitation in 1973 was
lower than normal for this area. Only 167 cm of precipitation were recorded
from October 1972 to September 1973 compared to 307 cm the previous year
and 271 cm the year before. Nevertheless, the month of June 1973 received
twice as much precipitation as usual (8.6 cm compared to an average of
4.3 cm).

DOUGLAS - FIR ARTHROPODS

Methods

A pole pruner was constructed to sample crown branches from 20-year-old

trees.	 It was used only in Plot 1 because the 10-m tree height was within
the range of the pruner assembly. Sampling was performed in open areas to

facilitate use of the topheavy device (Mason 1969). Attached to the 4-m
pole pruner was a horizontal net 1 m in diameter and 1.3 m long that could
be closed by a drawstring from the ground level of the assembly.

Three branch samples about 1 m long were sampled each from five different
trees each week. Weekly densities of arthropods captured were estimated
from the 15 branch samples. Each branch was weighed and measured as an
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indication of live weight and swept or surface area of 	 the foliage (Mason

1970). Sample sites on each tree were located 3.5-6.0 m aboveground, a

height limitation imposed by the operating capabilities of the pruner
assembly. Lower branches were sampled first	 to prevent disturbance of the

foliage and arthropods higher in the tree. The three samples from each
tree were representative of all sides of the tree and were assumed to be

characteristic of the arthropod populations at the midcanopy level (I. W.

Varty, personal communication). Once the selected branch had been caught

in the net, the net was closed, the branch clipped, and the device lowered

to the ground. The enclosed branch was vigorously beaten and shaken inside

the net to dislodge clinging arthropods before the branch was removed,
weighed, and measured. No search was made for internal branch or needle

arthropods. Many of the smaller arthropods, 	 such as Collembola, mites,

and smaller adelgids, probably fell through the 0.5-mm 2 mesh, causing

underestimated densities of smaller arthropods.

Densities of arthropod populations on the Douglas-fir branches were estimated
by determining the number of arthropods collected per weight and per swept
or surface area of sampled branches. Wet weight was recorded in grams,
but foliage area was determined by multiplication of length by maximum
width of each branch sampled. Based on the destructive sampling of two

trees in Plot 1 and the estimated density of 	 720 trees/ha, the live weight

of foliage in this plot was estimated at 50.34 x 10 6 g/ha, and the total

foliage area was estimated at 1056.35 x 10 6 cm 2 /ha. The ratio of the

total foliage weight/ha to the total weight of the fifteen sampled branches

each week yielded a weekly foliage weight multiplier. 	 This multiplier

times the number of arthropods of each species or taxon collected each

week gave the population density estimates. 	 Likewise,	 a weekly foliage

area multiplie r was derived, which was multiplied by the number of arthropods

collected, to yield a population density estimated from foliage area sampled

rather than weight. The mean of the two estimates based on foliage weight
and foliage area was used as the density estimate in this study.

Results and Discussion

Species Composition. Appendix 1 lists the number of specimens of each

species or taxon collected on Douglas-fir. The	 total of 3,767 arthropods

collected over the 20-week sampling period was composed mainly of Hemiptera

(Heteroptera and Homoptera), which made up 57.5% of the arthropods (Table 1).
Coleoptera made up nearly 11%, and spiders (Araneida) 13.5%. The composition
of captures on young Douglas-fir are compared with those from a red pine

plantation in Ontario (Martin 1966) (Table 1). 	 Considering that the pruning

method did not effectively sample smaller arthropods and that Martin's
insecticidal technique possibly overestimated the Diptera actually on the

trees, the faunal compositions are relatively similar.	 Exceptions are the

low number of Psocoptera and higher relative numbers of 	 Hemiptera on Douglas-

fir as compared to red pine.
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Table 1. Comparison of arthropods collected on 20-year-old Douglas-fir

by pole pruner, and arthropods collected on red pine by Martin (1966)
with an insecticidal spray technique.

Douglas-fir Red pine

No.
% of
total

% of
total

% of
total

Noninsecta
Araneida 510 13.5 4.3 6.9
Acarina

lnsecta

16 0.4 30.8

Collembola 7 0.2 10.1
Hemiptera 2,165 57.5 22.7 36. 1

Heteroptera 74 2.0
Homoptera 2,091 55.5

Psocoptera 174 4.6 9.9 15.8
Coleoptera 399 10.6 2.3 3.7
Neuroptera 63 1.7 1.1 1.8
Lepidoptera 19 0.5 0.5 0.8
Diptera 232 6.2 14.2 22.6
Hymenoptera 172 4.6 3.5 5.6
Others 10 0.3 0.9 1.4

Total Arthropods	 3,767

a
Percentage without inclusion of Acarina 	 and Collembola.

Table 2 shows a preliminary trophic composition for the arthropods found

on Douglas-fir. Phytophagous species accounted for 670 of the arthropods

captured, and most of these were sapsucking Homoptera. The Cooley spruce
gall aphid, Adelges cooleyi (Gillette) accounted for about 81% of the
phytophagous numbers. Population numbers of adelgids may reach outbreak
proportions in particular Douglas-fir stands, but this did not happen in

Plot 1 during 1973, even though the estimated abundance was at least 2.5
million/ha during late July (Figure 3). 	 This number is underestimated
because of the insect's tenacity in the early instars and its small size
in relation to the capture equipment method.
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Table 2. General trophic composition of arthropods collected on Douglas-
fir.a

of
Category
	

No.	 total
	

Major taxa and % of trophic category

Phytophages 2,537 67.3 Adelges cooleyi	 (Adelgidae) 81%

4.6%Scythropus	 ferrugineus	 (Curculionidae)
Diprionidae	 1.9%

Carnivores 842 22.4

Predators 827 22.0 Araneida	 (spiders)	 61.60
Syrphid	 larvae	 10.4%
Podabrus	 sp.	 (Cantharidae) 9.30
Neuroptera 7.6%

Parasites 15 0.4

Scavengers 223 5.9 Psocoptera 78.0%

Ants 115 3.1
Unknown and

nonfeeding 50 1.3

Total 3,767 100.0

a
Trophic categories explained in Introduction.
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Figure 3. Weekly density estimates of the Cooley

spruce gall aphid, Adelges cooleyi (Gillette), on
20-year-old Douglas-fir from pole-pruning samples,

March through August 1973, H. J. Andrews Experimental

Forest, Oregon.
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The phytophagous weevil,	 Scythropus ferrugineus Casey, was most abundant
in early spring when sampling began and the population was already on the
decline (Figure 4). These weevils comprised about 5% of the phytophagous

forms present on the trees and attained a relative abundance of at least
166,000/ha in late March.

Sawfly larvae of the Diprionidae accounted for about 2% of the phytophagous
insects on Douglas-fir.	 Infestation was minimal, and no diprionid adults
were collected by this method or by rotary net sampling. Most larvae were
collected in late May and late June, and numbers declined thereafter. The
maximum abundance was estimated to be about 70,000/ha in late May (Figure 4).

Figure 4. Weekly density estimates of the weevil,
Scythropus ferrugineus Casey and diprionid larvae

on 20-year-old Douglas-fir from pole-pruning samples,

March through August 1973, H. J. Andrews Experimental
Forest, Oregon.

Predaceous species made up about 22% of the arthropods collected (Table 2).

The 3:1 ratio of phytophages to predators on the trees is similar to the

ratio of (2.8-3.2):1 observed by Martin (1966) on red pine.	 Hunting spiders
of the Salticidae and Thomisidae were the most abundant spiders. Predaceous

cantharid beetles, syrphid fly larvae, and Neuroptera also were prominent.

Adelgids were probably the most abundant and accessible prey, but to what

extent predators utilized these prey is unknown. Cumming (1959) stated
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that, in spite of high mortality in adelgids, predatory effects seemed to
be minimal in the population she studied.	 In our study, spiders reached
combined densities of over 250,000/ha in mid-May (Figure 5), and syrphid
larvae and cantharid adults (Podabrus sp.) 	 reached densities of 92,000/ha
and 136,000/ha in early June (Figure 6).

Figure 5. Weekly density estimates of spiders of

the Araneidae, Salticidae, and Thomisidae on 20-

year-old Douglas-fir from pole-pruning samples,
March through August 1973, H. J. Andrews Experimental
Forest, Oregon
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beetles, Podabrus sp., and syrphid fly larvae on

20-year-old Douglas-fir from pole-pruning samples,

March through August 1973, H. J. Andrews Experimental
Forest, Oregon.

Scavengers were represented mainly by Psocoptera (Table 2). Depending on

exact species present, however, some or all of these might actually be
phytophagous.	 For lack of species identifications, whether ants collected
were scavengers, phytophages, or predators was impossible to ascertain.

Capture Efficiency. Whether 15 branch samples per week from only five trees

adequately sampled the arthropod fauna present on Douglas-fir branches is

debatable. Varty (personal communication) mentioned, in connection with

sampling techniques for the balsam twig aphid, that single branch samples
from 40 trees per collection date would yield less than 20% standard error.
Mason (1970) calculated that to sample larval populations of the tussock moth,
three branch samples each from 11 or 12 trees would give a density estimate
with a standard error within 20% for medium to heavy populations of 	 larvae.
Interpolation from his Table IV (p. 843) shows that the sampling technique
followed in our study might be within 309 standard error if we were 	 sampling

for tussock moth larvae. The error factor for other taxa is not known.

GROUND-DWELLING ARTHROPODS

Average densities of ground-dwelling arthropods in forest soils have been

enumerated elsewhere (Gill 1969, Huhta et al.1967, Wallwork 1976). 	 However,



little investigation has been conducted on the wandering macroarthropod

fauna of forest floors as collected by pitfalls (Huhta 1971, Uetz 1975).

Methods

The pitfall traps were No. 10 steel cans, 15 cm in diameter and 18 cm deep.
Each can was buried below the litter, flush with the soil surface. 	 Square

pieces of 1/3-inch hardware cloth, placed about 5-8 cm below the rim of the
can, prevented both the capture of small mammals and reptiles and their

consumption of the trapped arthropods. An aspirator was used to collect
the smaller arthropods. Rainwater and debris, which had accumulated between
sampling periods, was removed with a sponge before and after each collecting

period.

Pitfall locations sampled the previous year were re-used in Plots 2, 3, and

5.	 Each plot contained 15 pitfalls, spaced 10 m apart and radiating from
a central trap along the four compass coordinates. Plots 1 and 4 each
contained 25 traps arranged in a 5 x 5 grid, each trap 10 m apart. 	 The
increased number of traps in these plots was an attempt to more intensively
trap the ground-dwelling arthropods in these specific stands.

All	 pitfall traps were left open for 48 consecutive hours each week, resulting
in 30 trap nights per week (1 trap night = 24 hours) for Plots 2, 3, and
5, and 50 trap nights per week for Plots 1 and 4. As thorough collection
of Collembola and Acarina was not possible with this trapping method, no

attempt was made to assess these populations. However, preliminary counts
indicated that these two groups would have been the most numerous arthropods

in most of the sampling periods and plots.

To compare the numbers of arthropods collected in each of the stands and to

compensate for the greater number of traps in plots 1 and 4, the numbers
collected in these two plots had to be reduced by multiplying by a factor
of 0.6. For purposes of this analysis, we assumed that use of either the
grid pattern or radiating pattern in the plots did not significantly affect

number or pattern of arthropod captures.

Results and Discussion

Species Composition. Appendix 2 lists the number of specimens of each

species or taxon collected in the pitfall	 traps. Table 3 summarizes
the numbers of arthropods collected by taxonomic order. The greatest

numbers of arthropods were collected from the clearcut Plots 4 and 5,
where large populations of wandering spiders and ants were encountered.
Young-growth Plot 1 retained much of the clearcut fauna, but had additional

species inhabiting the young understory.	 Despite the more intensive

sampling in Plots 1 and 4, data suggest that clearcut Plots 4 and 5 and
young-growth Plot 1 had a greater species diversity than mid- and old-growth

Plots 2 and 3 (Appendix 2).
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Clearcut Plots 4 and 5, with their high temperatures and burned slash,

were ideally suited to wandering spiders of the Lycosidae and Gnaphosidae.

Large populations of ants, mostly Camponotus spp. (carpenter ants), occurred

within the slash. The carabid beetles, Harpalus sp., were relatively common

ground dwellers in these clearcuttings and were not found in the forested

stands.

Young-growth Plot 1 had a thick growth of secondary shrubs and trees, and

concomitant with this undergrowth was a large phytophagous arthropod

population. Large numbers of the phytophages, such as chrysomelid beetles,

Pyrrhalta carbo LeConte, and the weevils, Dyslobus sp., were collected in

this plot. Ants were common, but not as abundant as in the clearcuttings.

Isopods were found almost exclusively in this plot. The carabids,

Promecognathus crassus LeConte and Pterostichus herculaneus Mann., also

were common in Plot 1.

Midgrowth Plot 2 had increased numbers of curculionids, mostly Steremnius 

carinatus Boh., and decreased numbers of Heteroptera and Homoptera, especially

ants, compared to the other plots. The carabid, Pterostichus herculaneus 

Mann., was especially numerous in this plot.

Old-growth Plot 3 had a large unestimated population of Collembola and

Acarina in its thick, damp layer of litter and mosses. The predaceous

carabid, Promecognathus crassus LeConte, which feeds on slugs and snails,
was abundant in this habitat. The number of wandering spiders, however,

was less than in the other habitats sampled.

When the sampled populations are divided into trophic categories, habitat
variation is expressed by the faunal composition. The composition of the

ground-dwelling arthropods is related to the herbaceous vegetation and

available litter and, at least indirectly, to the climate that produced

that habitat. Table 4 describes the trophic composition of the various

habitats as a percentage of the collected population. This trophic class-
ification is preliminary and generalized, often based at the family level.

Presentation of accurate Collembola and Acarina counts would have changed

Table 4 substantially.

The greatest numbers of predators were collected in clearcut Plots 4 and 5.

They composed only 30%-36% of the epigeal arthropods captured in these two

plots, compared to 48% and 40% in Plots 2 and 3 (Table 4). The heavy

litter and moss layer in Plot 3 supported large populations of scavengers

and detritivores, which composed about 240 of the arthropods in this plot,
compared to 4%-15% for the other four plots. As light intensity, temperature,

and humidity changed in the litter layer with increased stand age (Figure 1),
the population of detritivores and scavengers inhabiting that niche increased

proportionately (Table 4) (Gill 1969, Pedigo 1970).
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Table 3 indicates some large differences in the compositon by Order in
clearcut PLots 4 and 5. For example, Hymenoptera (mostly ants, Appendix 2)
were 56.7% and 36.2%, and Coleoptera were 11.7% and 21.2% in Plots 4 and 5.
It is difficult	 to ascertain if these numbers reflect physical variation
within stand type, such as vegetational or slope variability or both, or

variation in pitfall trap spacing, i.e., grid pattern compared to radiating

pattern. Acceptance of the second possibility would only justify comparisons

between the grid traps on Plots 1 and 4 and, separately, among the radiating
traps of Plots,	 2, 3, and 5.

Martin's (1965)	 4 -year pitfall	 study of the ground-dwelling arthropods
in a red pine plantation showed an increase in the number of spiders 	 collected

with increasing	 stand age. His mean values ranged from 31% to 54% of the

fauna, excluding Acarina and Collembola, in the "establishment" to "young

forest" stage.	 In our study, however, the greatest number of spiders comprised

about 22% and 21% of the fauna	 in clearcut Plots 4 and 5, but forested Plots
1, 2, and 3 had	 only about 6%,	 10%, and 7% spiders (Table 3).

Midgrowth Plot 2 showed the greatest percentage of Coleoptera, 59%, and
clearcut Plots 4 and 5 showed the least, 12%-21% (Table 3). The large
numbers of Carabidae and Curculionidae in most plots, and Chrysomelidae in

Plot 1, resulted in	 larger populations of Coleoptera than the 22%-27%

reported by Martin (1965) in red pine stands. Ants also were more abundant
in our study sites than in plantations Martin investigated.

Capture Efficiency. The effectiveness of pitfall traps has been debated

in the literature.	 Greenslade	 (1964) and Southwood (1966) criticized this

method to quantify populations, and Luff (1975) discussed some factors

that make pitfall traps unacceptable for population quantification. 	 Banerjee

(1970) concluded that "a direct relationship does not exist between densities

and number trapped...for sample surveys designed to assess relative popula-
tion densities in different habitats". When practical, mark-recapture

techniques, used in 	 conjunction with pitfall trapping, appear to be useful,

but a small number of recaptures and the problems Luff (1975) describes

present sources of error. Thomas and Sleeper (1977) discussed this problem
and the equations used for estimating densities of tenebrionid beetle

populations in a desert community.

Gist and Crossley (1973) described the use of fenced extinction plots and

the quantifications	 possible.	 Mispagel (1977) extensively followed the

extinction plot concept in a desert community for larger beetles with

excellent results.	 Nevertheless, to totally eradicate all ground-dwelling

arthropods in a	 100-m 2 plot within a single year's time, was extremely

difficult, if not impossible.	 With adequate maintenance and the use of

drifts or attractants for quick capture, extinction plot trapping was

considered an adequate method to quantify epigeal arthropods.

In this study, pitfalls were widely scattered in Plots 2, 3, and 5 and
concentrated in a grid pattern	 in Plots 1 and 4. Among other factors,
captures can be	 influenced by slope exposure (Tolbert 1975) and the low
probability of sampling an adequate proportion of the area utilized by the

existing populations because of the number or location of traps, or both.
Assuming the same error factors in each study plot, a knowledge of the
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number of individuals and the biologies of the species groups captured
in each plot can be used to describe the differences in vegetation, cover,
and climate of those plots as reflected by the arthropod fauna adapted to

those conditions.

AERIAL ARTHROPODS

Little work has been done to describe aerial populations or their diversity

through various strata of a community (Duviard and Pollet 1973). We used

a rotary net to describe the aerial component of the forest arthropod
fauna at a single height in different age stands of Douglas-fir. This

method has been followed primarily to estimate the population structure
and flight patterns of scolytid bark beetles (Daterman et al. 1965, Gara
and Vite 1962).

Methods

Arthropods were sampled by a 	 rotary net device developed by Gara and Vite
(1962).	 It consisted of a nylon mesh net, 38 cm in diameter and 70 cm
long, rotated in a horizontal plane 1.83 m aboveground. The net was rotated
at 60 rpm by a 0.25 horsepower electric motor, powered by a portable gasoline
generator, located at least 15 m from the net assembly.

Sampling was continuous for a single 2-hour period each week in Plots 2 and

3, and for two 2-hour sampling periods on different days each week in Plots
1 and 4. The majority of samples were taken between 10:00 A.M. and 4:00 P.M.
To standardize the sampling time, we excluded early morning and late evening
crepuscular flying insects.	 Limited manpower and equipment made impossible

standardization of sampling time to a particular 2-hour period of the day.

Results and Discussion

Species Composition. Appendix 3 lists the numbers of specimens of each
species or taxon collected by rotary net during the sampling periods

in each stand type. Table 5 summarizes the totals by taxonomic order.
The greatest numbers were collected in clearcut Plot 4 followed by young-
growth Plot 1. Although the sampling effort was twice as great in these
two plots as in the older stands, the greater numbers of arthropods possibly

reflect the greater diversity of the herbaceous understory and the vertical

limitation of habitat.	 In other words, stands with tall trees, as Plots 2
and 3, probably have more vertically dispersed aerial fauna than a stand
with short trees or a clearcut plot. Plots 2 and 3 contain arthropods in
the canopy that might not be expected to be present at the lower 1.83-m
level of sampling.

Diptera were the most commonly captured insects and composed 63%-82% of the
aerial fauna captured in all stand types (Table 5).	 Flies of the families
Mycetophilidae, Chironomidae, Empididae, and Cecidomyiidae were most
numerous, comprising 56% of all flies and about 41% of all arthropods
found in all stands (Appendix 3).
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Table 5. Arthropods collected in rotary net traps over 20 weeks in 1973.

Plot

1	 2	 3	 it

	

Young growth	 Midgrowth	 Old growth	 Clearcut 

% of	 % of	 % of	 % of

	

No. a total	 No.	 total	 No.	 total	 No.a	 total

Noninsecta

Araneida	 34	 0.7	 1	 0.0	 4	 0.1	 16	 0.3
Acarina	 37	 0.8	 6	 0.2	 2	 0.1	 6	 0.1
Others	 0	 -	 1	 0.0	 0	 -	 1	 0.0

Insecta

Plecoptera	 3	 0.1	 0	 -	 1	 0.0	 8	 0.1
Thysanoptera	 0	 -	 19	 0.5	 1	 0.0	 307	 5.4
Heteroptera	 12	 0.2	 10	 0.3	 4	 0.1	 33	 0.6
Homoptera	 122	 2.5	 334	 9.5	 208	 6.6	 801	 14.0
Psocoptera	 11	 0.2	 0	 -	 3	 0.1	 1	 0.0
Coleoptera	 192	 4.0	 298	 8.5	 270	 8.6	 166	 2.9
Neuroptera	 3	 0.1	 8	 0.2	 2	 0.1	 3	 0.1
Lepidoptera	 15	 0.3	 14	 0.4	 13	 0.4	 56	 1.0
Diptera	 3,926	 81.9	 2,625	 74.9	 2,456	 78.3	 3,611	 63.0
Hymenoptera	 438	 9.1	 189	 5.4	 160	 5.1	 713	 12.4
Others	 2	 0.0	 2	 0.1	 11	 0.4	 6	 0.1

Total arthropods	 4,795	 3,507	 3,135	 5,728

a
Because of the increased sampling effort in Plots 1 and 4, the numbers
collected are halved to simulate trapping intensity equal to Plots 2 and 3.

Coleoptera comprised 3%-9% of the aerial fauna and were more abundant in the
forested areas (Table 5). Members of the Scolytidae, Scraptiidae, Elateridae,
and Cantharidae were most numerous.	 In	 spite of the more intensive sampling
in Plots 1 and 4, indications were that	 Coleoptera species composition was
more diverse in clearcut Plot 4 than	 the other three plots (Appendix 3).

Homoptera were most plentiful in clearcut Plot 4 where over 65% were Adelges 
cooleyi and 24% were aphids (Table 5).	 In contrast, aphids composed about
700-90% of the Homoptera collected in the three forested plots. Aerial
Thysanoptera were collected almost exclusively in the clearcut plot.

The spiders collected by rotary net (Table 5, Appendix 3) were usually
immature forms that may have dropped	 from the trees and were ballooning
on the wind.

Hymenoptera were somewhat more abundant 	 in Plots 1 and 4, 9%-12% of the
totals, than the 5% in Plots 2 and 3	 (Table 5). The parasitic Braconidae
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and Ichneumonidae comprised 60%, 41%, and 49% of the Hymenoptera in Plots
1, 2, and 3. Miscellaneous Chalcidoidea and Proctotrupoidea were the
most abundant Hymenoptera in clearcut Plot 4, comprising about 41% of the
total compared to only 2%-14% in the other three plots. The apoid bees,

such as the Andrenidae, Apidae, 	 and Megachilidae, comprised 20%-23% of
the Hymenoptera found in the midgrowth and clearcut plots and only 1l%-14%

in the young- and old-growth plots. High numbers would have been expected

in the clearcut and young-growth plots if one considers only the availability

of nectar and pollen sources. 	 If some of the bees were inquilines, however,

host and nest requirements must be considered when explaining the numbers

of pollinators.

Ants collected in the clearcutting by aerial net further verifies the

large formicid population previously indicated by pitfall trapping.

Table 6 shows the habitat variation indicated by the trophic composition
of the aerial arthropod fauna. 	 Many of the most common flies do not feed

in the adult stage, have unknown feeding habits, or belong to a family

with variable feeding habits. 	 Chironomids, mycetophilids, cecidomyiids,

phorids, and sciarids are examples. Therefore, between 480-67% of the
arthropods in each plot were categorized as Unknown/Nonfeeding. Doubtless,

many of these actually belong to the Scavenger/Detritivore or Phytophage

categories. Because of the substantial numbers of rotary net arthropods

classified as Unknown/Nonfeeding, we reserve any comments about the trophic

composition of the aerial fauna. A shift of part or most of the Unknown/

Nonfeeding category of Table 6	 into the other categories would drastically
change the numbers and the percentages relative to the different stand

types, possibly contradicting any preliminary remarks that relate stand

structure to faunal composition.

Table	 6.	 General	 trophic composition of	 arthropods	 collected in	 rotary	 nets.a

Category

Plot

1

Young growth

2
Midgrowth

3
Old growth

4

Clearcut

No.
% of

total No.

% of
total No.

% of

total No.

% of

total

Phytophages 885 9.2 627 17.9 410 13.1 3,057 26.7
Carnivores 3,156 32.9 575 16.4 540 17.2 2,696 23.5

Predators 2,148 22.4 340 9.7 264 8.4 1,297 11.3
Parasites 1,008 10.5 235 6.7 276 8.8 1,399 12.2

Scavengers 75 0.8 63 1.8 87 2.8 98 0.9
Ants 3 0.0 3 0.1 2 0.1 70 0.6
Unknown and nonfeeding 5,462 57.0 2,239 63.8 2,096 66.9 5,529 48.3

Total 9,581 99.9 3,507 100.0 3,135 100.1 11,450 100.0

a
Trophic categories explained in Introduction.
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Capture Efficiency. Although	 primarily limited to qualitative analyses,

we feel that the rotary net	 sampling device can be effective in determining

faunal composition and relative abundance of adult	 forms of flying insects

if care is used	 in	 standardization of sample timing and equipment. Never-

theless, its effectiveness for particular species is debatable. 	 For example,

the motion of	 the net easily distracts adult Lepidoptera, 	 which may avoid

the swinging net.	 Furthermore, the mesh of the net may be too large to
adequately sample the smallest arthropods. Therefore, a solid piece of

material sewn	 in	 the bottom of the net is advisable. The assumption that

the proportion of the fauna 	 flying one day is the same as 	 that flying the

next day is not	 necessarily	 valid in detailed analyses of	 rotary	 net data.

Insect flight	 activity is	 dependent	 upon prevailing climatic and	 microclimatic

factors in addition to season and time of day. Wind velocity, cloud cover,

precipitation, and	 barometric	 pressure can all affect the 	 flight	 response

of certain	 insects	 (Johnson	 1969).
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