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ABSTRACT

Because stream fisheries are so closely associ ated
with forested watersheds, it is necessary that the streans
and forests be managed jointly under a systemof nultiple
use. This requires a know edge of the interrelationships
bet ween these resources to yield maxi mumreturns from bot h.
It is the purpose of this paper to relate |ogging practices
to fish managenent by ascertaining the effect of |ogging-
road construction on the drop of insects into a stream

On the South Fork of Caspar Creek the insects falling
into the streamwere greatly increased after a | oggi ng road
was built. A twofold increase in nunber and wei ght of insects
occurred over the entire stream In "D sturbed" areas, where
the road paralleled the stream drop insects increased three
and one half times by nunber and one and one half tinmes by
wei ght over the "Insect-Control"” area. In the "Hi ghly
Di sturbed" areas, where the road crossed the stream insect
nunbers increased by five and one half times and a threefold
i ncrease by wei ght over the "Insect-Control" area was noted.

A nore than proportionate anmount of the increase
occurred in those adult insects having aquatic inmmuature
stages. One such famly, Chironom dae, had a greater
occurrence after road construction than all insects conbi ned
before construction. This famly showed the nost significant

change of the famlies studied.
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| NTRODUCTI ON

Many studi es have been conducted on the inportance of
insects as fish food. The majority of these investigations
wer e anal yses of fish stomach contents, a few of which
conpared the ratios of terrestrial to aquatic insects. Most
i nvestigations have shown that terrestrial insects are very
inportant in the diet of streamfish, conprising from1l0 to
40 percent of the total diet of sone species. It has also
been denonstrated that terrestrial insects are nost
inmportant to the diet of a fish during the sumrer, with the
degree of this inportance varying with stream size, and type
and density of stream cover.

Denory (1961) and Chapman (1966) found that in snall
coastal tributaries, simlar to Caspar Creek, terrestria
insects made up at |east one third of the diet of small coho
sal non. Ot her researchers placed their enphasis on neasuring
the supply of aquatic insects in a stream by use of Surber and
drift sanplers. This has proven useful in describing the
ef fect of changing stream conditions, such as sedinentation
upon streaminsects and has hel ped rel ate physical changes to
changes in fish production for the lotic environnment. However,
no work has been done on how the terrestrial derived portion
of afish's diet is affected by changes in the watershed

envi ronnent, such as | oggi ng.



Thi s paper has two basic ainms: (1) To determ ne what
insects fall into a stream from an undi sturbed and
di strubed (after a |oggi ng-road has been constructed)
redwood type forest. (2) To determine the effect of the
di st ur bance upon the anmount of "drop insects"” available as

fish food at the stream s surface.



STUDY AREA

Location and Descri ption

Caspar Creek, Mendocino County, California is |ocated
about 100 miles north o San Francisco, in the heart of the
redwood region. The steamoriginates in Townships 17 and 18
North, Range 17 West Mount Di ablo Meridian, at an approxi nmate
el evation of 1,000 feet and drops rapidly to an el evation of
300 feet, then levels off, and slopes gradually for about 6
mles to the Pacific Ocean (Figure 1). Located 5 miles south
of Fort Bragg, in the Jackson State Forest, a part of
California's Lower Conifer Zone, this typical short coastal
stream drai ns approxi mately 5,000 acres of second growth
trees that are 65 to 80 years ol d.

One hundred years ago, the whole Caspar Creek watershed
and nmuch of the surrounding |land was | ogged to neet the denands
of a growi ng country. The cutover forests were then burned in
an effort to nmake pasture for donestic animals (Raynond, 1964),
but despite these efforts, the area is covered today by a
vi gorous young stand of redwood and Dougl as-fir.

The Caspar Creek watershed has two main forks. The north
fork drains 1,255 acres and served as a "control area" while
the south fork drains 1,050 acres and was the "test area"
(Figure 2). The geol ogy, topography, and soil are simlar on

these tw n watersheds, and they are representative of the
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timber growing areas in California s redwod regi on (Raynond,

1964) .

Background of the Caspar Creek Project

The Caspar Creek study was initiated in 1961 to determ ne
the effects of logging and its associated activities on a
wat ershed. It is a cooperative project involving the U S.
Forest Service (Pacific Southwest Forest and Range Experi nent
Station), the California Departnent of Fish and Gane, the
California Departnent of Water Resources, the California
Depart ment of Conservation (D vision of Forestry), the
University of California (School of Forestry) and Humbol dt
State Coll ege.
The project was divided into three segnents: First,
there was a six year control period during which initia
measur enents were nade; second, a |ogging road was constructed
in the sunmer of 1967, to be followed by a six year stabiliza
tion period; third, the area is to be logged in 1973 and a six
year post-I|oggi ng study made.
To neasure the changes occurring in the watershed,
speci al enphasi s has been placed on:
1) stream sedi nent
2) Stream fl ow
3) Watershed precipitation
4) \Water tenperatures
5) Air tenperatures
6) Sol ar radiation

7) Stream canopy



8) Mapping the area
9) Insect drop
with additional information being collected on:
a) Chem cal conditions
b) Turbidity
c) Stream dryi ng
d) Al gae abundance and di stribution
e) Sedi ment ati on areas
f) Pool and riffle ratios
g) Fish distribution and food habits
So that conparisons between north and south forks coul d
be made at specific |ocations, the entire | ength of each
stream fork was marked with permanent station markers at
intervals of one hundred feet, starting at the permanent

wei rs and goi ng upstream

Fi sh Speci es

Silver sal non (Oncorhynchus ki sutch) and steel head

rai nbow trout (Salnp gairdnerii) are the anadronous sal nonids

that inhabit Caspar Creek. At |east one sculpin (Cottus sp.),

and the three spined stickleback (Gasterosteus acul eatus),

are common. Sone of the trout in the upper part of the creek
are probably resident rather than m gratory (Kabel and

Ger man, 1967).

St ream Fl ows

Both forks of Caspar Creek becone intermttent in the

study areas. Flow below their junction is continuous,



however, and no bars formin the summer to bl ock the nouth.
Highly variable flows are typical of this stream wth | ow
sumer flows of 0.11 cfs in the south fork and 0.06 cfs in
the north fork recorded at the flowgaging wirs (P. S. F.
and Range Exp. Station, 1963-64 Prog. Rept.) and maxi num
flows of 288 cfs and 305 cfs in the south and north forks,
respectively, recorded in January 1966. Flood flows peak
and drop off very rapidly in this drainage (Kabel and

Ger man, 1967).

Loggi ng Road and Construction

Road buil ding along the south fork started on May 23,
1967. Cenerally, clearing and road work progressed downstream
fromthe uppernost part of the study area.

The road-building activity directly affected nuch of the
stream its bed and banks. Small trees, branches and | eaves,
and substantial quantities of rock and soil slid into or were
deposited in Caspar Creek. At |least 361 feet of stream bed
were conpletely altered by bull dozer operations directly in
the stream Al npbst the entire length of the study area was
directly affected in sone way by road construction activities.
By Septenber 1967, all road construction and stream cl earance
operations were conpl eted. About 100, 000 cubic yards of
mat eri al were noved during the construction of 3.7 mles of
road. The stream cl earance program renoved nuch of the coarse
organic debris in the streamand along its banks (DeWtt,

1968) .
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The change in the study area is shown in two aeria
phot ographs supplied by the California Division of Forestry
(CGossard, personal comunication). The first photo, made in
1959, shows the undi sturbed south fork (Figure 3). The second
photo, nmade in 1968, shows the sane area after |ogging road

construction (Figure 4).

Post - Constructi on Procedures

The Caspar Creek | oggi ng road construction was pl anned

to be less disruptive to watershed and stream condi tions than

aver age operations, but it proved to be nore or |less typica
(DeWtt, 1968). However, after the roads were built, two
atypi cal actions were taken to partly conpensate for the

di sruption caused. First, all coarse debris was renoved from
the south fork. Second, all banks and exposed sl opes al ong
the south fork were fertilized and seeded with rye grass. The
grass was well established before the first substantial rains

in the fall of 1967.

Ef fect of Loggi ng Roads

Sedi nent and Turbidity: Roy Silen, Forester in charge of

the H J, Andrews Experinental Forest, Oregon, stated his
observations indicate that the building and use of | ogging
roads constitutes the major source of sedinent to | ogged-over
streans (Wistenberg, 1954).

On Caspar Creek the direct felling of trees into the
streamand its tributaries increased streamturbidity slightly.

For exanple, when felling was in progress at station 47, and



Figure 3. Aerial photograph (1959) of the South Fork of Caspar Creek in undisturbed
condi tion.




Figure 4. Aerial photograph (1968) of the South Fork of Caspar Creek after a | ogging road
was built in 1967.

( CDF)
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on a tributary that entered the south fork at station 44.5,
the turbidity was 11 p.p.m in the south fork bel ow the nouth
of the tributary. However, it dropped to 2 p.p.m about 1000
feet downstream whi ch was approxi mately the | evel recorded
upstream

Construction of a stream crossing between stations 67 and
68 on August 12, 1967, resulted in high turbidity for 1000 feet
downstream but no effect was noted on the turbidity at station 4
a mle dowmstream The highest turbidity at this station the next
day was 18 p.p.m At station 60 (700 feet downstrean), turbidity
had returned to around 1 p.p.m its pre-construction |evel.
Cenerally, imedi ate effects of cutting, road building and bridge
construction on turbidity were | ocal and of short duration.

After construction the road apparently caused consi derabl e
increases in turbidity during periods of heavy rainfall. Wnter
streamconditions are very inportant to aquatic insects because
of its effect of naiads, On January 14, 1958, during a
noderately heavy rainfall, turbidities as high as 3,000 p.p. m
were recorded in the south fork study area as far upstream as
station 46, On the sane day, north fork turbidity was only 60
p.p.m (DeWtt, 1968). DeWtt al so records sone erosion and
slippage, resulting in the deposition of as nuch as two feet of

sedinent in the stream

Illum nation, Water and Air Tenperatures: ||l um nation,

wat er tenperature and air tenperature were three physica

paraneters neasured in this project to determ ne stream
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envi ronnent change. DeWtt (1968) and Dorn (1969) studied the
avail abl e information for these factors and found a dramatic
change after road construction. Because of the inportance of
these factors in determ ning insect popul ations and because of
their significant change after road construction further
di scussion is warranted.

Il lum nation at the water surface was determned with a
submari ne photoneter before and after road construction. Spot
measurenents of illum nation were made along the entire
| ength of the study and control streans on cl ear days between
1100 and 1300 hours PST.

Radi ati on data for 1965 indicated that the anmount of
| ight reaching 'noth forks was about the sanme before road
construction. Maxi mum phot onet er readi ngs of around 8, 000
m croanpers were noted at only 2 stations on the north fork
(project control) in 1968, while 29 such readi ngs were
observed on the south fork where the road was built. This was
a fivefold increase in illum nation and can be attributed to
cover renoval (DeWtt, 1968).

South fork summer water tenperature al so increased
after road construction. Before road construction, nost
sunmmrer maxi nuns were 60°F, in both forks. After road
bui l di ng, the south fork frequently experienced maxi muns
approaching 70°F. Most naxi nuns were above 60°F., and sone
stations showed increases of as nuch as 20°F. (Dorn, 1969).
Dorn was able to correlate all increases in water

tenperature with cover renoval
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Air tenperatures also increased after road construction,
but the buffering action of the large forested areas stil
remai ni ng, kept these increases substantially bel ow t hose

observed for water tenperature.

For other physical data such as precipitation, stream
flow, rate of sedi nent deposit, etc., | refer the reader to
the Pacific Sout hwest Forest and Experinental Station Progress
Reports. DeWtt in his Annual Report for 1968 gives the best
avai l abl e informati on on changes occurring since road

constructi on.



METHODS AND MATERI ALS

I nsects dropping to the stream surface of the South Fork
of Caspar Creek were collected during the summers of 1966 and
1968, The 1966 col |l ection was from an undi sturbed habit at
while the 1968 collection was nade after a | oggi ng road had

been constructed through the area the previous year.

Drop Box Insects

"Drop boxes" were used to collect the insects falling
into the stream Each box is 3 feet by 3 feet and is filled
with water and appropriate chemcals to capture all insects
that conme in contact with its surface. This appears to be
the first study in which this techni que has been used for
obtai ning quantitative results,

"Drop insect” refers to any insect entering the stream
fromair or land. Thus, while other investigators have
consi dered adult Plecoptera to be "aquatic insects", this
paper will consider themto be "drop insects", since they

are reintroduced into the streamfromthe | and.

Fi el d Procedure

The drop-boxes were placed directly in the stream
adj acent to the station marker from which the collections
were reported. If there was enough water in the streamto
nove the drop-boxes, they were placed on rocks to el evate

t hem above the water.
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Prior to each collection, the boxes were cl eaned
conpletely, and the solutions changed. In 1966 a capful of
mneral oil was added to a formalin-water solution to coll ect
insects. In 1968 the formalin was elimnated, since the
m neral oil proved adequate for the capture of all insects
falling into the drop-box. However, it was found that if the
insects remained in the mneral oil sanples |onger than a
singl e day, they becane heavily infested with a fungus

(Saprol egnia sp.).

The insects were renoved fromthe drop-box with a
smal | -mesh nyl on aquarium net, constructed so that the
i nsects could be skinmed off the collecting solution. The
i nsects were then renoved with forceps and put into
collecting jars containing a 70 percent solution of ethyl
al chohol .

The drop-box collection made prior to road buil ding
(1966) was taken opposite station markers 9, 20, 30, 44, 57,
70 and 73, The drop-box collection made after road
construction (1968) was not nade at particul ar stations,
but was taken randomy along the entire stream

The length of the collecting period varied with the
collector. In 1966, sanples generally represented one day
of collecting, while in 1968 sanples represented one to four
days of collecting. A summary of the sanpling data is

presented in Table 1.



17

Table 1. A summary of the drop-box sanpling procedures

for the south Fork of Caspar Creek

1966

1968

Drop Box Col | ection--

1) Sanpling season: VI/11 - VII1/12/66

2) Nunber of sanples collected: 69

3) Total sanpling days: 75

4) Length of sanpling periods: 1 to 2 days

Drop Box Col | ection--

1) Sanpling season: VI/24 - VII1/26/68

2) Nunber of sanples collected: 62

3) Total sanpling days: 126

4) Length of sanpling periods: 1 to 4 days
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Laboratory Procedure

Al'l insects in the 1966 and 1968 drop coll ections were
identified to fam |y, using Borror and DeLong (1964).
Confirmations were made in Curran (1965), Arnett (1968),
and Peterson (1959 and 1960).

| nsects which could not be keyed to fam |y because
di agnostic parts were mssing were keyed to order and put
under the heading "unidentifiable". Insect parts that
coul d not be keyed to order were put in a group called
"fragnments” and were nerely wei ghed.

After identification of all insect famlies in a single
sanple, the famlies were dried for two to four days and
wei ghed. Tao to four days was found to be adequate for
obt ai ni ng constant wei ghts. Wi ghings were carried out on
an anal ytical balance, to the nearest ten-thousandth of a

gram (.0001).



RESULTS

The 1966 insect collection was the result of 75 days
sanpling; the 1968 collection of 126 days sanpling. The
total nunber of keyed insects in the 1966 coll ection was
2,494, and in the 1968 collection 7,941. The average nunber
of insects collected at one | ocation for one day, known as
per sanpling day (hereafter referred to as p.s.d.), was 33.3
for 1966, and 63.0 for 1968, Thus the 1968 collection shows
a nearly twofold (1.8) p.s.d. increase over the 1966
col l ection. The average wei ght of insects p.s.d. for 1900
was 21.2 mlligrans; for 1968 it was 35.7 mlligrans. This
is again a nearly twofold (1.7) increase in weight p.s.d.
These results and other inportant information about the two

i nsect collections are summari zed in Table 2.

O der Differences Observed Between 1966 and 1968 Drop Col | ections

An anal ysis by order of the nunbers and wei ghts of insects
collected p.s.d. and their contribution to the total nunber and
wei ght of insects for the years 1966 and 1968 is given in
Table 3. Fromthis table it can be seen that in 1968 all orders
except Hymenoptera, Neuroptera and Thysanoptera differed
mar kedly from 1966 in either nunber or weight (or both) of
i nsects p.s.d.

A brief review of this table shows that Di ptera had the

greatest and nost significant increase (31.5 insects) in



Table 2. A summary by nunbers and wei ghts of the 1966
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(before road) and 1968 (after road) collections.

1966

1968

Conbi

Col I ection (before road)
1) Total nunber of insects: 2,494

2) Total weight (dry) of insects: 1,587.1 ng

3) Number of immature insects: 155
4) Nunmber of sanpling days: 75

5) Aver age Number of insects per sanpling day:
6) Aver age Wi ght of insects per sanpling day:

Col l ection (after road)
1) Total nunber of insects: 7,941

2) Total weight (dry) of insects: 4,497.0 ny

3) Nunber of Lx-nature insects: 211
4) Nunber of sanpling days: 120

5) Aver age Nunber of insects per sanpling day:
6) Aver age Wi ght of insects per sanpling day:

ned Col | ections (1966 and 1968)
1) Total nunber of insects: 10,435

2) Total weight (dry) of insects: 6,084.1 ng

33.25
21.16 ngy

63. 02
35. 69 ny



Table 3 Drop box collections for 1966 and 1968 summari zed to show the Order
contribution by nunbers and wei ghts.

(p.s.d.= per sanpling day = per square yard)

1966 ( BEFORE) 1968( AFTER)
ORDER Nunber Wi ght (ng) Nunber Wi ght (ng)
p.s.d. % Tot p.s.d. % Tot p.s.d. % Tot p.s.d. % Tot
COLEOPTERA 3.1 9.4% 2.3 ny 10. 9% 1.7 2.8% 3.9 ny 11. 0%
COLLEMBOLA N 2% .0 ny . 0% .3 5% .0 ny . 0%
DI PTERA 20.0 60.11 6.5 ny 30. 8% 51.5 81.7% 8.9 ny 25. 1%
EPHEHEROPTERA .5 1.4% .1 ngy . 6% 2.4 3.8 .8 ny 2. 3%
HEM PTERA 7 2.2% .5 ngy 2.2% 1.0 1.6% 6.9 ny 19. 4
HOMOPTERA 1.9 57% .7 ny 3.1% 1.1 1.8% .3 ny 1. 0%
HYMENCPTERA . 8 2.5% .5 ngy 2. 4% .5 .8% .9 ny 2. 7%
LEPI DOPTERA .3 .8% 4.1 ny 19. 5% .2 4% 1.1 ny 3. 2%
NEUROPTERA .2 6% .1 ny . 3% 1 2% .0 ny 1%
ORTHOPTERA .2 5% 2.5 ny 11. 7% .0 .0% 2.0 ny 5. 6%
PLECOPTERA 7 2.1% .5 ngy 2.3% .2 3% .2 ny . 6%



Table 3. (Con'd.)

1966 ( BEFORE) 1968 ( AFTER)
ORDER Nunmber Wei ght (ng) Nunber Wi ght (ng)
p.s.d. % Tot p.s.d. % Tot p.s.d. % Tot p.s.d. % Tot
PSOCOPTERA 2.8 8. 5% .2 ny 1.1% 1.5 2. 4% .1 ngy . 2%
THYSANOPTERA 1 4% .0 ny . 0% .2 4% .0 ny . 0%
TRI CHOPTERA .5 1.6% .2 ny . 8% 1.0 1.6% 9.8 ngy 27.8%
| NSECT FRAGMENTS .1 2% . 0 ng . 1% .4 . 6% .2 ng . 5%
NON- | NSECT
ARACHNI D 1.3 3.9% 3.1 ny 14. 6% . 8 1.3% .5 ngy 1.3%

***TOTAL 33.3 100.1% 21.2 ny 100. 3% 63.0 100.1% 35.7 ny 100. 8%
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nunbers p.s.d. Diptera also constituted 82 percent of the
i nsects keyed in the 1968 drop collection, an increase of
30 percent from 1966, However, Trichoptera showed the nost
significant change in weight p.s.d. Trichopterans in
increasing 9.6 ng. p.s.d. rose froma contribution of |ess
than 1 percent of the weight of 1966 insects to 28 percent
of the weight of 1968 insects. This change was significant
because the total weight increase of all insects from 1966
to 1968 was only 14.5 ng. p.s.d.

Anal ysis to Fanm |y Level

The conbi ned col |l ections contai ned 146 different
famlies of insects. Arachnid, D plopoda, Chilopoda,
uni dentifiable insects, and insect fragnments are al so
included in the tabulation, a listing of all famlies
identified, their nunbers and weight p.s.d., their
respective ranks by nunber and weight, and their
percent occurrence** for the 1968 and 1968 coll ections
is given in Table 4.

The 1968 col |l ection contained 109 insect famlies.
Conpared to this collection the 1968 contai ned 114 i nsect
famlies. O the insect famlies, 78 occurred both in 1968

and 1968, and 68 occurred in one year or the other.

**  The reader should not conpare the 1966 and 1968
coll ections by percentage occurrence because the | ength
of collecting periods in days was different for each
year's sanpl es.



Table 4. Fam |y analysis by nunber, weight*, and percent occurrence**, for the
1966 and 1968 insect drop-box collections.
(p.s.d.= per sanpling day = per square yard)

1966 ( BEFORE) 1968 (AFTER)
% %
FAM LY Nunber Wei ght Cccurr - Nunber Wei ght Cccurr
ence ence
p.s.d. Rank p.s.d. Rank p.s.d. Rank p.s.d. Rank
COLEOPTERA 3.1 2.3 ny 1.7 3.9 ny

Anobi i dae .07 (53) . 051 ng (53) 4.3% .01 (98) .003 My (98) 1.6%
Cant hari dae .23 (24) . 151 mg (25) 14.5% .08 (43) .040 mg (55) 9. 7%
Car abi dae - - - - - .02 (86) .006 ng (84) 3.2%
Cer anbyci dae .11 (44) . 048 ng (54) 8.7% .02 (88) .002 nmg (103) 3.2%
Chrysonel i dae .01 (88) . 063 ng (45) 1.5% .02 (74) .098 mg (33) 3.2%
G si dae .01 (88) . 003 nmg (92) 1.5% - - - - -
C eridae .01 (88) . 072 ng (40) 1.5% - - - - -
Cocci nel |'i dae - - - - - .02 (74 .043 mg (52) 4.8%
Col ydi i dae - - - - - .01 (998 .006 g (86) 1.6%
Crypt ophagi dae .16 (30) . 037 ng (57) 7.2% .02 (86) .001 mg (111) 3.2%
Cucuj i dae - - - - - .01 (998) .003 My (93) 1.6%
Cur cul i oni dae - - - - - .02 (74 .054 mg (45) 4.8%
Der nmest i dae - - - - - .01 (98 .006 g (86) 1.6%
Dr yopi dae .04 (64) . 053 nmg (51) 2.9% - - - - -
Dyti sci dae - - - - - .10 (37) 3.267 ny (3) 9. 7%
El ateri dae .09 (46) . 097 ng (34) 2.9% - - - - -
El m dae .29 (21) . 140 ng (29) 14.5% .21 (29) .045 mg (50) 11.3%

*Weighings to .1 ng. the last two figures are from mat hemati cal cal cul ati on.

**Percent occurrence (Before and After) should not be conpared due to the difference in
| engt h of sanpling periods before and after road construction.



Table 4. (Con’ d.)
1966 ( BEFORE) 1968 ( AFTER)
% %
FAM LY Nurber Vi ght Cccurr - Number Vi ght Qccurr
ence ence
p.s.d. Rank p.s.d. Rank p.s.d. Rank p.s.d. Rank

Erotyl i dae .01 (88) .011 ng (74) 1.5% - - - - -
Eucnem dae .03  (72) .340 mg (12) 2. 9% - - - - -
Eugl eni dae - - - - - .01 (98) .000 mg (119) 1. 6%
Gyri ni dae - - - - - .01 (98) .033 ng(58) 1.6%

Hydr ophi | i dae .03  (72) .085 nmg (37) 2. 9% - - - - -
Lat hri di i dae .13 (38) .011 nmg (74) 10.1% .04 (59) .005 ng (89) 8.1%
Lei odi dae .03 (72) .016 ng (68) 2. 9% - - - - -
Lept odi ri dae .07  (53) .028 ng (61) 5.8% .04 (59) .006 ng (84) 8.1%
Li mebi i dae .01 (88) .000 ng (108) 1.5% .44 (16) .026 mg (65) 22. 6%
Lyci dae .01 (88) .070 mg (41) 1.5% - - - - -
Mel andryi dae .01 (88) .019 ng (65) 1. 5% - - - - -
Mor del | i dae .03 (72) .016 ng (68) 2.9% .05 (53) .024 mg (67) 6. 5%
Ni tidulidae .04 (64) .011 nmg (74) 4.3% .01 (98) .000mg (119) 1.6%
Ot hoperi dae .01 (88) .000 ng (108) 1.5% - - - - -
Psel aphi dae .01 (88) . 000 ng (108) 1. 5% - - - - -
Psepheni dae .01 (88) .004 nmg (87) 1. 5% - - - - -
Ptiliidae .12 (41) .001 ng (97) 5.8% - - - - -
Rhi zophagi dae .01 (88) .001 mg (97) 1. 5% - - - - -
Scar abaei dae .04 (64) .378 nmg (10) 2. 9% - - - - -
Scol yti dae .03 (72) .043 ng (56) 2.9% .15 (33) .145nmgy  (26) 19. 4%
Si | phi dae .03 (72) .017 mg (67) 2. 9% - - - - -
St aphyl i ni dae 1.39 (7) .354 nmg (11) 42.0% .38 (19) .060 ng (41) 38. 7%
Tenebri oni dae .01 (88) 176 mg (22) 1.5% - - - - -
Thr osci dae .03 (72) .016 ng (68) 2.9% .04 (59) .027mg  (64) 8. 1%



Table 4. (Con’ d.)

1966 ( BEFORE) y 1968 ( AFTER) y
0 0
FAM LY Nunber Wi ght Cccurr - Nunber Wei ght Ccceurr
ence ence
p.s.d. Rank p.s.d. Rank p.s.d. Rank p.s.d. Rank
Uni dentifiable Col . - - - - - .04 (59) .003 ng (93) 8. 1%
COLLEMBOLA 21 .0 ng .3 .0 ng
Ent onobryi dae .07  (53) .000 ng (108) 7.2% .27 (27) .002 ng (99) 33. 9%
Podur i dae .01 (88) .000 ng (108) 1.5% - - - - -
Sm nt huri dae - - - - - .02 (86) .000 nmg (119) 1.6%
Dl PTERA 20.0 6.5 51.5 8.9
Agronyzi dae .01 (88) .005 mg (84) 1.5% - - - - -
Ant honyi i dae .08 (50) .201 ng (19) 7.2% .02 (86) .070 ng (37) 3. 2%
Asi | i dae .03 (72) 137 mg (30) 2.9% .05 (53) .306 ng (17) 6. 5%
Bi bi oni dae .17 (26) .168 ng (23) 10.1% .02 (86) .013 ng (75) 3. 2%
Bonbyl i i dae - - - - - .01 (98) .005 mg (89) 1. 6%
Canacei dae .01 (8h) .004 mg (87) 1.5% - - - - -
Ceci donyi i dae 3.99 (2) .036 ng (58) 69.6% 2.87 (2) .052 ng (46) 79. 0%
Cer at opogoni dae .15 (33) .019 mg (65) 15.9% .72 (11) .047 mg (48) 58. 1%
Chanmaenyi i dae - - - - - .05 (53) .002 nmg (103) 9. 7%
Chi ronom dae 2. 17 (4) .055 ng (49) 79.7% 34.53 (1) 2.127 ng (4) 98. 4%
Chl or opi dae .04 (64) .005 mg (84) 1.5% - - - - -
Coel opi dae .12 (41) .053 nmg (51) 8.7% .04 (5H9) .010 ng (79) 8. 1%
Cul i ci dae - - - - - .03  (69) 011 mg (77) 6. 5%
Di xi dae - - - - - .14 (35) .043 ng (52) 22. 6%
Dol i chopodi da 1.37 (8 1.991 nmy (8) 24.6% .68 (12) .176 ng (20) 58. 1%
Enpi di dae 1.72 (5) .405 ng (9) 58.0% 2.50 (4) . 923 ng (7) 91. 9%



Table 4. (Con’ d.)

1966 ( BEFORE)

%

1968 ( AFTER)

%

FAM LY Nunber Wei ght Qcceurr - Nunber Wi ght Cccurr
ence ence
p.s.d. Rank p.s.d. Rank p.s.d. Rank p.s.d Rank

Ephydri dae 4.31 (1) .999 mg (6) 65.2% 2.68 (3) .840 ny (8) 80. 6%
Musci dae 1.17 (10) 1.005 mg (5) 50.7% .28 (26) .719 nmg (11) 37.1%
Mycet ophi | i dae . 60 (14) .185 nmg (20) 39.1% .44 (17) 174 mg  (21) 53. 2%
Phori dae . 60 (14) .069 nmg (43) 31.9% .46 (15) .033 mg (58) 43. 5%
Pi puncul i dae .05 (57) .025 ng (63) 5.8% .01 (98) .002 ng (103) 1.6%
Psychodi dae .27 (22) .005 ng (84) 24.6% .02 (74) .001 ng (111) 4. 8%
Rhagi oni dae .17 (26) .152 nmg (24) 15.9% .25 (28) 577 mg (12) 27. 4%
Sar cophagi dae - - - - - .02 (74) .133 mg (27) 4. 8%
Scat opsi dae .03 (72) .012 mg (72) 2.9% .01 (98) .002 mg (99) 1.6%
Sci ari dae 1.72 (5) .077 nmg (38) 76.8% 2.07 (6) .153 nmg (23) 80. 6%
Sinuliidae .16 (30) .003 nmg (92) 11.6% .42 (18) .017 mg (71) 45. 2%
Sphaer oceri dae .08 (50) .012 mg (72) 8.7% .17 (31) .039 mg (56) 24. 2%
Strationyi dae - - - - - .03 (69) .124 mg  (29) 4.8%
Syr phi dae .04 (64) .150 ng (25) 4.3% .01 (98) .017 mg (69) 1.6%
Tachi ni dae 11 (44) .297 nmg (13) 5.8% .06 (51) .420 mg (14) 11. 3%
Ti pul i dae .79 (11) .440 nmg (8) 49.3% 2.50 (4) . 791 ny (6) 85. 5%
Trichoceri dae .01 (88) .004 ng (87) 1.5% - - - - -

Uni dentifiable Dip.03 (72) .001 ng (97) 4.3% .37 (20) .042 mg (54) 33. 9%

EPHEMEROPTERA .5 .100 ng 2.40 .800 ngy

Baet i dae .37 (19) .060 ng (47) 27.5% 1.17 (8) .235 ng (18) 72.6%
Epheneri dae - - - - - .06 (46) .057 mg (43) 9. 7%
Hept ageni i dae .08 (50) .067 ng (44) 7.2% .37 (20) .376 nmg (15) 30. 6%
Uni denti fiabl e Eph. - - - - - .76  (10) .160 mg (22) 62. 9%



Table 4. (Con’d.)

1966 ( BEFORE)

%

1968 ( AFTER)

%

FAM LY Nunber Wi ght Cccurr - Nunber Wei ght Ccceurr
ence ence
p.s.d. Rank p.s.d. Rank p.s.d. Rank p.s.d. Rank
HEM PTERA T .5 ng 1.0 6.9 ny
Ant hocori dae .03 (72) .033 mg (59) 2. 9% - - - - -
Ar adi dae . 07 (56) .063 nmg (45) 7.2% - - - - -
Gel ast ocori dae - - - - - .01 (98) .002 mg (103) 1.6%
CGerri dae .03 (72) .241 mg (17) 2.9% .34 (23) . 387 ng (2) 37.1%
Lygaei dae .05 (57) .020 nmg (64) 5.8% .01 (98) .009 mg (80) 1.6%
M ridae .39 (18) .096 mg (35) 36.2% .15 (33) .099 mg (32) 24. 2%
Pent at om dae .01 (88) .001 nmg (97) 1.5% .02 (86) .004 mg (91) 3. 2%
Sal di dae .01 (88) .008 ng (81) 1.5% .34 (23) .331 ng (16) 27. 4%
Vel i i dae - - - .06 (46) 011 mg (77) 11. 3%
Uni dentifiable Hem .I5 (33) .001 ng (97) 14.5% .10 (41) .016 ng (73) 16. 1%
HOVOPTERA 1.9 .7 ng 1.1 .3 ny
Achi |l i dae - - - - - .01 (98) .033 nmg (60) 1.6%
Aphi di dae . 63 (13) .032 ng (60) 43.5% .54 (14) .017 ng (69) 59. 7%
Ci cadel | i dae .71 (12) .123 mg (31) 49.3% .34 (23) . 117 mg (30) 46. 8%
G xi i dae .05 (57) .143 nmg (27) 4.3% .05 (53) .146 mg (25) 9. 7%
Del phaci dae - - - - - .10 (37) .032 mg (61) 16. 1%
Mar gar odi dae - - - - - .01 (98) .000 mg (119) 1.6%
Menbr aci dae .01 (88) .073 mg (39) 1.5% - - - - -
Phyl | oxeri dae - - - - - .04 (99) .000 mg (119) 8.11%
Psyl | i dae .45 (17) .279 mg (14) 27.5% - - - - -
Uni dentifiable Hom .04 (64) . 000 ng (108) 4.3% .02 (74) .000 nmg (119) 3. 2%



Table 4. (Con’ d.)

1966 ( BEFORE)

%

1968 ( AFTER)

%

FAM LY Number Wi ght Ccecurr - Nurber Vi ght Ccecurr
ence ence
p.s.d. Rank p.s.d. Rank p.s.d. Rank p.s.d. Rank

HYMENOPTERA . 8 .5 ng .5 .9 ngy

Api dae .01 (88) .256 ng (16) 1.5% - - - - -
Br aconi dae .09 (46) .009 ng (78) 10.1% .06 (46) .028 ng (63) 12. 9%
Cer aphr oni dae .01 (88) .001 mg (97) 1.5% - - - - -
Cyni pi dae .03 (72) .009 ng (78) 2.9% .01 (98) .002 ng (103) 1.6%
Di aprii dae .03 (72) .003 mg (92) 2. 9% - - -
Dryi ni dae .01 (88) .001 ng (97) 1.5% .02 (86) .001 ng (111) 3. 2%
El asm dae .01 (88) .000 ng (108) 1.5% - - - -

Encyrti dae .13 (38) .007 ng (82) 13.0% .05 (53) .002 ng (103) 9. 7%
Eul ophi dae .04 (64) .001 ng (97) 4.3% .04 (59) .000 ng (119) 8. 1%
Eur yt om dae - - - - - .04 (59) .003 mg (93) 4. 8%
Form ci dae .12 (41) . 111 mg (32) 7.2% .07 (44) .093 nmg (34) 11. 3%
| chneunoni dae .19 (25) .071 ng (41) 15.916 .11 (36) .062 ng (40) 19. 4%
Mymar i dae .01 (88) .000 ng (108) 1.5% .02 (74) .002 nmg (99 4. 8%
Proct ot rupi dae .01 (88) .003 mg (92) 1.5% .01 (98) .002 mg (103) 1. 6%
Pt er onal i dae .05 (57) .003 nmg (92 5.8% .07 (44) .006 ng (86) 12. 9%
Torym dae .05 (57) .001 mg (97) 5.8% .01 (98) .001 ng (111) 1.6%
Vespi dae - - - - - .02 (74 . 737 mg (10) 4. 8%
Uni dentifiable Hym 03 (72) . 000 ng (108) 2. 9% - - - - -

LEPI DOPTERA .3 4.2 ny .2 1.1 ny

Arctiidae .02 (74) .031 ng (62) 4. 8%
Ci theronii dae - - - - - .01 (98) .125 mg (28) 1. 6%
Geonetri dae .09 (46) .543 mg (7) 8.7% .06 (51) .075 mg (35) 8. 1%
A yphi pt erygi dae - - - - - .01 (98) .003 mg (93) 1.6%



Table 4. (Con’ d.)

1966 ( BEFORE) o 1968 (AFTER) o
0 0
FAM LY Nunber Wei ght CQcceurr - Nunber Wi ght Cccurr
ence ence
p.s.d. Rank p.s.d. Rank p.s.d. Rank p.s.d. Rank

G acil ariidae .01 (88) .027 nmg (62) 1.5°% .03 (69) .017 mg (71) 6. 5%
Noct ui dae .05 (57) 3.293 mg (1) 5.8% .02 (86) . 772 ngy (9) 3. 2%
Qecophori dae - - - - - .01 (98 .001 mg (111) 1. 6%
Pyral i dae .09 (46) .259 ng (15) 10.1% .04 (59) .069 ng (38) 8.1%
Pyr onor phi dae - - - - - .01 (998 .013 mg (75) 1.69%
Thyri di dae - - - - - .01 (98 .000 mg (119) 1.6%
Tortricidae .01 (88) .004 ng (87) 1.5% .01 (98) .007 ng (82 1.6%
Unidentifiable Lep. - - - - - .02 (74 .007 mg (82) 4. 8%
NEUROPTERA .2 1 Ny 1 .0 ny

Coni opt er ygi dae .04 (64) .004 nmg (87) 4.3% .02 (86) .002 mg (99) 3.2%
Hener obi i dae .15 (33) .055 mg (49) 13.0% .10 (41) .044 mg (51) 14. 5%
ORTHOPTERA .2 2.5 ny .0 2.0 ny

Gyl lacridi dae .16 (30) 2.471 mg (3) 15.9% .02 (86) 1.980 ny (5) 3. 2%
PLECOPTERA 7 .5 Ny .2 .2 ny

Chl oroperl i dae .52  (16) .212 ng (18) 33.3% .10 (37) .056 ng (44) 11. 3%
Nenmour i dae .15 (33) .088 ng (36) 11.6% .05 (53) .063 ng (39) 4. 8%
Perl i dae .01 (88) .181 ng (21) 1.5% - - - - -
Per | odi dae - - - - - .01 (998 .102 mg (31) 1. 6%
Unidentifiable Ple. - - - - - .01 (998 .002 nmg (103) 1.6%



Table 4. (Con’ d.)

1966 ( BEFORE)

%

1968 ( AFTER)

%

FAM LY Number Vi ght Ccecurr - Nurber Vi ght Ccecurr
ence ence
p.s.d. Rank .d. Rank p.s.d. Rank p.s.d. Rank
PSOCOPTERA 2.8 .2 ng 1.5 .1 ng
Mesopsoci dae .17 (26) .011 mg (74) 15.9% .03 (69 .004 nmg (91) 6
Pol ypsoci dae .24 (23) .060 mg (47) 17.4% .04 (59) .003 mg (93) 8
Pseudocaeci | fi dae 2. 40 (3) .107 mg (33) 76.8% 1.35 (7) .060 ng (41) 80.
Psoci dae .17 (26) .045 ng (55) 14.5% .10 (37) .013 g (74) 19.
Uni dentifiable Pso .01 (88) .000 ng (108) 1.5% - - - -
THYSANOPTERA 21 .0 ng .2 .0 ng
Phl oeot hri pi dae - - - - - .06 (46) .001 ng (111) 8
Thri pi dae .13 (38) .001 mg (97) 13.0% .17 (32) .001 ng (111) 22
TRI CHOPTERA .5 .2 ny .0 9.8 ny
Brachycentri dae .03 (72) .007 ng (82 2.9% .01 (998) .009 ng (80) 1
Cal anocer ati dae - - - - - .03 (69) .196 mg (19) 6
Hydroptil i dae .35 (20) 016 ng (68) 21.7% .63 (13) .046 nmg (49) 53
Lepi dost omat i dae .15 (33) .141 mg (28) 13.0% .06 (46) .036 mg (57) 8
Li mephi | i dae - - - - - .18 (30) 9.402 ng (1) 27
Phryganei dae - - - - - .02 (86) .051 nmg (47) 3
Rhyacophi | i dae - - - - - .02 (74) .075 mg (36) 4
Uni dentifiable Tri.- - - - - .02 (74 .018 ng (68) 4
| NSECT FRAGVENTS . 05 (57) .009 ng (78) 7.2% .36 (22) .149 ng (24) 77

. 5%
. 1%

6%
4%

. 1%
. 6%

. 6%
. 5%
. 2%
. 1%
. 4%
. 2%
. 8%
. 8%
. 4%



Table 4. (Con’ d.)
1966 ( BEFORE) 1968 ( AFTER)
% _ %
FAM LY Nurber Vi ght Cccurr - Number Vi ght Qccurr
ence ence
p.s.d. Rank p.s.d. Rank p.s.d. Rank p.s.d. Rank
NON- | NSECT
ARACHNI D 1.28 (9) 3.079 ng (2) 63.8% .84 (9) . 475 mg  (13) 74. 2%
CHI LOPCDA .01 (88) .001 mg (97) 1.5% .01 (98) .001 ng (111) 1.6%
DI PLOPODA - - - - - .01 (98) .026 ng (65) 1.6%
** TOTAL 33.3 21.2 ny 63.0

35.7 ny
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A brief analysis of the main "fam|ly" changes as
reflected by the two collections follows. It deals
principally with those famlies constituting a substantia
part of the collections by either weight or nunbers.

The Col eoptera (beeltes), in general, can be characterized
as having a large nunber of famlies represented, each of which
occurred a fewtinmes; the famlies collected changed markedly
from 1966 to 1968. The nbst inportant changes are:

(1) "Dytiscidae" did not occur in 1966 but were thirty-seventh
nunerically and third on the weight listing of the insects
collected in 1968. They constituted over 80% of the weight of
Col eopterans in 1968. (2) "Limmebiidae" increased nore than
forty fold in nunber and weight from 1966 to 1968, but because
they are very small, this large increase resulted in only a
small addition to the total weight. (3) "Staphylinidae" showed
a decline in inportance froma rank of seventh by nunber and
el eventh by weight to nineteenth and forty-first respectively.

The only famly of Collenbol a appearing consistently
in the sanples was "Entonobryi dae". It showed over a
fourfold increase by nunber and weight from 1966 to 1968.

The greatest nunber of changes occurred in the | arge
order, Diptera. In both years Dipterans constituted nore
than 600 of the insects by nunber and nore than 25% of
their weight. O the inportant changes occurring in this
order from 1966 to 1968, the principal increases by nunber

and weight were found in the famlies "Ceratopogoni dae",
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" Chi ronom dae", "Enpididae", and "Tipulidae". Chironom ds
were fourth in abundance and forty-ninth in inportance by
wei ght classification in 1966. They increased fifteen fold to
beconme the nost abundant fam |y and fourth nost inportant by
weight in 1968. In 1968 this famly occurred at the rate of
34.5 insects p.s.d., accounting for over half of that year's
total nunber of insects; it was nore abundant than al
famlies conbined (33.3 insects p.s.d.) for 1966. The
tipulids (crane flies) also showed a significant change, from
a nunber rank of eleventh to fourth. The fam |ies Enpidi dae
and Cer at opogoni dae showed | ess striking but still highly
significant changes.

Decreases in abundance al so occurred in this order,
notably in the famlies "Cecidonyiidae", "Dolichopodi dae",
"Ephydri dae" and "Musci dae". The greatest decline was seen in
t he ephydrids, the nost abundant famly in 1966 when they
occurred at 4.3 insects p.s.d. They dropped to third rank in
1968, occurring at ony 2.7 insects p.s.d. Cecidonyiids,
dol i chopodi ds, and nuscids all decreased by about one insect
p.s.d.

Al famlies of Epheneroptera (rmayflies) increased in
abundance from 1966 to 1968. The baetids are the nost
not ewort hy because they increased by alnost a full insect
per sanpling day, and showed a change from nineteenth to
eighth in nunerical rank.

The increased i nportance of the order Hemi ptera, after

the road was constructed, can be attributed to increases in
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two sem -aquatic famlies, "Gerridae" and "Sal di dae". The
gerrids (water-striders) increased over tenfold in nunber to
beconme the twenty-third nost abundant famly. They al so
becane second in inportance by weight analysis. Salidae
(shore-bugs) increased to twenty-five tines their fornmer
nunbers and were twenty-third in famly abundance. Mridae

(1 eaf - hoppers) which were the npbst abundant hem pteran famly
in 1966, decreased to only one-half their previous abundance
in 1968. They were replaced as the nost abundant hem pteran
by Gerridae and Sal di dae.

Many famlies in the order Honoptera show decreases in
nunbers and weight while a few famlies show increases, these
i ncreases being very small. The nost striking declines are
di spl ayed by the famlies "Ci cadellidae" and "Psyl|i dae".

Psyl lids were seventeenth in abundance and ranked fourteenth
by wei ght in 1966, but no nenbers of this famly appeared in
the 1968 col |l ections.

The order Hynenoptera showed insignificant change after
road construction.

There are only two notabl e changes occurring in the
Lepi doptera (noths). Both the "Noctui dae" and "Pyralidae"
decreased. Noctui dae are especially notable since they
experienced a fourfold decrease in weight, sinking fromfirst
rank in 1966 to ninth rank in 1968.

Only two famlies of Neuroptera were present in the
col l ections. Both showed decreases in abundance in 1968, but

because their presence was of mnor inportance originally,
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t hese decreases are not significant.

Gyllacrididae, the only famly of Othoptera present,
showed a marked, tenfold, decrease in abundance.

The order Pl ecoptera showed a general decrease in
abundance. The two nost prevalent famlies "Chloroperlidae" and
"Nenouri dae" had nunerical decreases of fivefold and threefold
respectively.

All famlies of Psocoptera decreased in abundance, the
decline ranging fromtwo to six-fold. The Pseudocaecilii dae,
whi ch was the third nost abundant famly in 1966, with 2.4
i nsects occurring p.s.d., dropped to seventh in abundance in
1968 with a rate of occurrence of 1.3 insects per day.

The order Thysanoptera showed very little change before and
after road construction.

The Trichoptera (caddis-flies) tended to increase in
abundance after road construction. The greatest change occurred
in the famly "Limephilidae". This famly was not present in
the 1966 drop collection but was the | argest contri butor by
wei ght to the 1968 col |l ecti on.

Arachni ds dropped from second in weight contributions in
the 1966 drop collection to thirteenth in the 1968 col |l ecti on.

The nunber of unidentifiable insects increased considerably

in the 1968 collection due to a white fungus (Saprol egnia sp.),

whi ch attacked many preserved speci nens.
A brief summary of the three nost inportant nunerically

occurring insect famlies in each collection shows interesting
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changes. I n 1966, Ephydridae (1), Cecidonyiidae (2), and
Pseudocaeciliidae (3) were nost nunerous. In contrast,
Chi ronom dae (1), Cecidonyiidae (2), and Ephydri dae (3)
were nost inportant nunerically in 1968. A summary by
wei ght for 1966 shows, Noctuidae (1), Arachnids (2), and
Gyllacrididae (3) nost inportant while 1968 figures show,
Li mephilidae (1), Gerridae (2), and Dytiscidae (3) as the
out st andi ng wei ght contri butors.

When the 1966 and 1968 col |l ections are conpared with
regards to those famlies constituting over 2% of a year's
collection, an interesting result is observed. Thirteen
famlies had over 2% occurrence by nunber in 1966 while only
seven famlies had this occurrence in 1968. This result tends
to indicate that the 1968 di sturbance due to road construction
caused large increases in a few famlies but that the vast
majority of famlies were less well represented. Al but one
of the famlies in the 1968 coll ection appearing at a 2% or
greater occurrence were in the order Diptera, the order which

showed the | argest increase in nunbers of insects.



ANALYSI S AND DI SCUSSI ON

Conpari son of 1966 and 1968 Col |l ections for Variations Due

to Presence of a Logging Road

Initially the North Fork of Caspar Creek was to serve
as a control for conparison of insect collections between
1966 and 1968. However, no insect collection was nmade in 1968
on the north fork. Another problemencountered in analysis
was that insect collections were not nade at the sanme station
on simlar dates between years, thus elimnating the
possibility of conparing collections on a station by station
basi s. However, conparison between years is possible through
"total" stream data, and those parts into which it may be
subdi vi ded. To serve as a control, stations 3 - 9 on the
south fork were designated as an "Insect-Control" area
because this area was not directly affected by | oggi ng-road
construction.

The remai ning stations on the south fork were divided
into categories based on the anmount of disturbance caused by
| oggi ng-road construction. The two categories show ng the
nost di sturbance, "Disturbed" and "Hi ghly D sturbed", were
then conpared to the 1966 and 1968 "I nsect-Control" areas.

The "lInsect-Control" is an area where neither the road
nor any disturbing activity associated with it, conmes cl oser
than 300 feet to the stream (Figure 4). The "Di sturbed" areas
are stations where nost of the vegetation has been renoved in

at least a 100 foot radius of the stream "Hi ghly Di sturbed”
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areas are bridge locations (Figure 4 and 5) and are
characterized by conplete renoval of all vegetation in at
| east a 300 foot radius of the bridge.

The 1966 "Insect-Control" area was conpared to the 1968
"I nsect-Control"” area. The data in Figure 6 and Table 5
i ndi cate an approxi mate one-quarter decrease in nunber (30%
and weights (209 of insects p.s.d. in 1968. The "l nsect-
Control "™ area information thus indicates a decrease of
i nsects due to annual fluctuation while the entire study area
had a twofol d increase.

"Di sturbed" and "Hi ghly D sturbed" areas had | arge
i ncreases in weights and nunbers over the "lInsect Control™
area. The "Disturbed" areas exhibited alnost a fourfold
(3.7) increase in nunbers p.s.d. over the "lInsect-Control™
area and an increase of 1.6 tinmes by weight. The "Highly
Di sturbed"” areas had over a fivefold (5.5) increase in
nunbers p.s.d. when conpared with the 1968 control area, and
a threefold (3.2) increase by weight.

Table 5 shows that the order nobst responsible for the
change in nunbers was Diptera while D ptera, Hem ptera and
Trichoptera were all inportant in the weight increase.

Tests were al so performed on these categories to find
the likelihood of their being simlar and to eval uate bias
i ntroduced by differing sanpling tinmes. An analysis for
conparability of the areas was nmade by a Wl coxon's two
sanple test, nodified for unequal -sized sanpl es by Mann and

VWhitney (Steel and Torrie, 1960). The "Insect-Control s",



Figure 5. Photos before and after construction of a bridge crossing above Station #44.
This is classified as a “H ghly D sturbed” area.
(DeWtt, personal conmunication)
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1966 | NSECT- CONTROL ( Before Road)
a) No, of sanpling stations: 1
b) No. of days sanpled: 11

1968 | NSECT- CONTROL (After Road, unaffected by road)
a) No. of sanpling stations: 7
b) No, of days sanpled: 16

1968 DI STURBED
a) No. of sanpling stations: 11
b) No. of days sanpled: 22

1968 HI GHLY DI STURBED (Bridge crossings of stream
a) No. of sanpling stations: 2
b) No. of days sanpled: 4

Number/sampling day

Weight / sampling day
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Figure 6. D agram showi ng a decrease in nunbers and wei ghts
of insects per sanpling day in Insect-Control
area (1966 to 1968), but an increase in the
D sturbed areas after the | ogging-road was built.



Table 5. An Order sunmary of the 1966 Insect-Control area, 1968 Insect-Control area,
Di sturbed area, and Hi ghly Di sturbed area.

**Al'l nunbers and weights are expressed as p.s.d.-per sanpling day**
this is equivalent to drop per square yard of stream surface

1966 1968 DI STURBED H GHLY

ORDER | NSECT- CONTROL | NSECT- CONTROL DI STURBED
Number Wi ght ny Nunmber Wei ght ng Nunber Weight ng Number Wi ght nyg
COLECPTERA 2.1 3.7 ny .0 .0 ny 1.1 .8 ny 1.0 . 6 ny
COLLEMBOLA 1 .0 g 0 .0 g 2 .0 g .2 .0 ny
Dl PTERA 17.8 4.5 ngy 16.5 4.9 ngy 60.8 10.1 ng 97.8 8.2 ngy
EPHE14EROPTERA .3 .0 ny 4 1 ny 2.0 9 ny 1.0 1 ngy
HEM PTERA .9 .2 gy 2 U ny 1.2 4.1 ny 8 4.8 ny
HOMOPTERA 1.4 .3 gy 3 3 ny 1.3 1 ny 8 1 ny
HYMENOPTERA .6 1 g 2 2.8 ny 4 2 nmy 0 0 ny
LEPI DOPTERA 1 .2 ny 1 .0 ny 5 .8 ny 8 .3y
NEUROPTERA 1 .0 ny 0 .0 ny 1 1 ny 0 .0 ny
ORTHOPTERA 1 1.7 my 0 .U g 1 .9 gy 0 .0 ny
PLECOPTERA L9 42 my 0 .0 ny 1 .2 ny 0 .0 ny



Table 5. (Con'd.)
CORDER I NSEC':IL' ?gg\ITRO_ I NSEC'Il' 9?2%\ITRO_ D STURBED DI STl[lJlR%_ElILI)Y
Nunber Wei ght ng Nunber Wei ght ng Nunmber Wei ght ny Nunber Wei ght ng

PSOCOPTERA 1.2 .2 ng 7 .0 no 1.4 .1 ny 2.0 2 ny
THYSANOPTERA 3 .0 ny 1 .0 ny 1 0 ngy 0 .0 ngy
TRI CHOPTERA 7 .6 gy 1 5.0 ny 1.0 2.8 ny 1.3 27.7 ny
| NSECT FRAGVENTS 1 .0 ny 5 .0 ny .3 .2 ny .3 1 ny
NON- | NSECT
ARACHNI D 1.1 4.1 ngy .4 1 ny .9 4 ny 8 .0 ny
*** TOTAL 27.6 16.2 ng 19.4 13.1 nmy 71.3 21.7 ng 106.5 41.9 ny
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1966 and 1968, showed a high probability (when conpared by

nunmber and wei ght) of comng fromthe sane type area, while the
"Di sturbed" and "Hi ghly Di sturbed” areas when conpared to the
1968 "I nsect-Control" area showed negligible probability. Wen
grouped and tested by nonth the Wl coxon's test showed simlar
results, indicating the variation between categories was not
due to bias introduced by sanpling tine.

Thus, the probabl e explanation for the |arge differences
in nunbers and wei ghts of insects p.s.d., is road construction
and the associ ated di sturbance of the environnent. These
envi ronnental changes resulted in a great increase in nunbers
of insects present at the surface of the South Fork, Caspar

Cr eek.

Aquatic Derived | nsects

The famlies of insects represented in the drop
coll ections can be grouped, on the basis of life history of
menber species, as follows: 1) famlies whose species pass
through all life stages on land (Terrestrial habitat
i nsects), 2) famlies whose species pass their immature life
stages in or on water (Aquatic habitat insects), and 3)
famlies in which sone species are terrestrial in all stages
whi |l e ot her species have aquatic i mature stages (Unspecified
habitat insects).

The nunbers and wei ghts of Aquatic and Terrestria
insects for the years 1966 and 1968 are plotted in Figure 7.
The 1968 collection was found to contain five tines the nunber

of Aquatic insects p.s.d. as that collected in 1966. Likew se,
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in the 1968 collection, Aquatic insects were found to be ten
times :pore inportant by weight. Terrestrial insects were
found to show a one-third decrease in nunbers and a one-half
decrease in weight fromthe 1966 to 1968 coll ection.

The 38 groups plotted as Aquatic habitat insects, when
conpared to the 107 groups plotted as Terrestrial habitat
i nsects, showed an interesting reversal. In 1966 there were
twice as many Terrestrial insects as Aquatics, but in 1968
this reversed and Aquatics were three and one half tinmes nore
preval ent .

The "I nsect Controls", "Disturbed" and "Hi ghly D sturbed"
areas were enployed to determne if this Aquatic increase was
conparable to the degree of disturbance. Figure 8 shows that
the 1966 and 1968 "Control" areas had simlar nunbers and
wei ghts of Aquatic habitat insects, while the "D sturbed" and
"Hi ghly Di sturbed" areas showed | arge increases.

Thus, Aquatic habitat insects were nmuch nore abundant on
the surface of the south Fork of Caspar Creek after road
construction. The amount of disturbance al so seens to affect

t he degree of this abundance.

Chi ronom d | ncrease

The nost outstandi ng characteristic of the 1968 drop
collection is the appearance of |arge nunbers of chironom ds.
In 1966 they were present in the drop-collection at the rate
of 2.2 individuals p.s.d., while in 1968 this increased to
34.5 chironomds p.s.d. This increase is very significant

because this single famly in 1968 contri buted nore insects
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p.s.d. to the collection (34.5 per day) than the total of al

insect famlies in the 1966 collection (1966 rate 33.3
p.s.d.). In 1968 Chironom dae al so exhi bited nunerica
dom nance over all famlies in both collections, having an
ei ghtfol d advant age over the second hi ghest occurring famly,
Ephydri dae in 1966.

The reason for this dramatic increase seens to be the
di sturbance to the | and surface, caused by building the
| ogging road in 1967. The road construction caused i medi ate
turbidities up to 4,000 p.p.m during actual construction and
turbidities in excess of 3,000 p.p.m curing the follow ng
winter (DeWtt, 1968). | believe silting of the streamkill ed
nost aquatic insects, except the nore hardy D pterans,
especially chironom ds, which thrive best in polluted, highly
turbid conditions. Table 6 (Kopperdahl, persona
comuni cation), shows that during the summer of 1967 all
aquatic insect orders increased in the "Undi sturbed" North
Fork of Caspar Creek while in the south Fork where the | ogging
road was being built, only Diptera increased in the norna
fashion, all other orders decreasing markedly. Therefore, by
the end of road-building disturbance in 1967, the South Fork
of Caspar Creek showed a greatly decreased insect popul ation
fromwhat was expected, with the D ptera having a normal or
somewhat greater popul ati on because of their ability to
wi thstand high turbidities.

Chi ronom ds, one of the best suited dipteran's for

highly turbid conditions, have a short life cycle.



Table 6. California Fish and Gane "Bent hos Sanpl es” fromthe Undi sturbed North
Fork and Di sturbed South Fork of Caspar Creek. The June coll ections
represent a pre-road sanple while the Cctober collections were made
after south fork road conpletion.

SOQUTH FORK CASPAR CREEK NORTH FORK CASPAR CREEK
ORDER Nunbers per ft2 Nunbers per ft2
June 1967 Cct. 1967 Difference June 1967 Cct. 1967 Difference
(Cct.-June) (Cct.-June)
COLEOPTERA 13.7 2.9 -10. 8 3.6 4.6 + 1.0
Dl PTERA 40. 1 104. 2 +64. 1 4.4 8.4 + 4.0
EPHEMEROPTERA 38.9 15.4 -23.5 13.9 32.2 +18. 3
PLECOPTERA 28. 8 13.6 -15.2 13.3 26.9 +13. 6
TRI CHOPTERA 28. 3 6.6 -21.7 12.0 38.1 +26. 1
M SCELLANEQUS 1.8 0.3 - 1.5 0.3 0.5 + 0.2
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Therefore, with increased turbidities, chironomds were
doubly favored because the South Fork was an open habitat in
that nost other insects had been elimnated by the silt, and
their short life cycle enabled themto capitalize on this
advantage. | presune chironom ds increased by filling the
niches left by the organisns driven out by pollution and by
benefiting fromthe | ack of normal conpetition and
predati on. The | ack of conpetitors and predators is a highly
significant factor for this famly since it is on the bottom
of many food chains. Thus, chironom ds occuppi ed t he nost
prom nant position when the 1968 drop box collections were
taken. The 1968 California Fish and Gane Departnent’'s South
Fork "benthos sanples” also contain a |arge nunber of |arval
chi ronom ds ( Kopperdahl, personal comrunication).

O her hypot heses, however, have been offered to explain
t he above condition. Charles Warren (1964), in a paper on
experinmental streamenrichnment inplies that if renoval of
"forest canopy"” can increase production of the bacterium

Sphaerotilus natans, the principal food of chironomd |arvae,

chironomds in turn could increase phenonenally.



CONCLUSI ON

I nsect popul ations, like fish, deer, rabbit and al
ot her popul ati ons except nman's, are constantly being affected
by two forces, maxi mum carryi ng capacity of the habitat and
habi t at change.

An area, such as Caspar Creek, will support a certain
bi omass of insects, represented by a certain nunber of those
i nsects. This nunber and biomass will fluctuate each year, but
in an unaltered environnment will eventually approach and
maintain itself near a maxi num carrying capacity. In the case
of insects this habitat is conposed of a nunber of niches each
filled by a single species.

A | oggi ng road was constructed through this study area
(1967), after which (1968) new neasurenents were nmade on the
carrying capacity. The abundance of insect fauna in this area
coul d have increased, decreased or renai ned unchanged. O the
ni ches that were present before the road was built, sone
remai ned unchanged and sone have been altered or have even
di sappeared. Did the change in niche conposition of the
habitat al so cause a change in insect conposition? Wile this
study dealt only with insects falling into a stream definite
changes can be seen in popul ation conposition within the
scope of the study.

Anal ysed data fromthe entire "study area"” show a two-

fold increase in insects by nunber and wei ght after the
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| oggi ng road was built. The "D sturbed" areas show a
fourfold increase by nunber and a 1.5 tinmes increase by
wei ght over the 1968 "lInsect Control" area. The "Hi ghly
Di sturbed" areas showed a fivefold increase by nunber and
a threefold increase by weight over the "lInsect Control”

A fivefold increase p.s.d. from 1966 to 1968 occurred in
those adult insects that as i matures were associated with an
aquatic environnent.

If food was the limting factor working upon the fish
popul ation, it is possible that the south fork would now
support a larger population of fish due to the increase of
drop insects.

It is probable that the changes summari zed above are
maxi m zed at this point. As vegetation returns to this area,
sedi nent flow decreases and the area starts its process of
nat ural succession back to the undisturbed (original) state, the
drop of insects into the South Fork of Caspar Creek shoul d
progressively decrease both by nunber and wei ght until a new

bal ance i s reached.
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** APPENDI X | **

Val ue of Drop Box Sanplers
in Caspar Creek Study
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The Caspar Creek study is the first recorded instance
wher e drop-boxes have been used in any project of this type.

Drop- boxes as used in this project were designed to
catch all insects and detritus falling on one square yard of
stream surface. In this project drop-boxes were used only to
eval uate insects dropping into a stream Such boxes coul d
al so be used to evaluate terrestrial detritus or | eaf
enrichnment of a stream or noved away fromthe stream and
used to predict insect drop, leaf fall, etc. under forest
canopi es.

Dr op- boxes nust not be confused wth Surber sanplers, drift
sanpl ers, or other stream sanplers. Drop-boxes catch adult
insects plus those inmature terrestrial insects that would
normally fall onto a stream surface. On the other hand the above
menti oned sanplers catch imature aquatic insects and those
i nsects which drop into the streamand float in the water
Dr op- box sanplers thus deal with adult insects of both aquatic
and terrestrial origin while other aquatic sanplers dea
principally with i mmature aquatic insects. Fish stomach anal yses
show a conbi nati on of the above two types of insects.

In the Caspar Creek study, investigators observed that
dr op- boxes were very efficient and caught all insects com ng
in contact with their surface. For nethod of placenent,
catching solutions, size of box etc. the reader is referred
to the nmethods section of this paper.

| nportant facts were discovered on drop-box use during

the study. It was found that drop-boxes should be placed
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hi gh enough above the stream surface to prevent contam nation
fromthe stream due to increased streamflow. Furthernore,
coll ecting solutions should contain formalin in addition to
m neral oil because of its superior preserving qualities.
Lastly and nost inportant, all inner liners should be trinmed
even with the drop-box which allows no overhang of the liner
into the stream If this condition exists contam nation of
sanpl es can occur froma noisture gradient transport over the

i ner.
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