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@ vironmental conditions., A maijor
ig climate., Optimum climatic conditions
exist for all s, dncluding aguatic animals. Agquatic
1ife is exposzed 'Q a narrower range of temperatures than
terrestrial, but. nevertheless, each species inhabits a select
range along the temperature gradient such as in a river.

Thig paper investigates the zonation of aguatic insects

relative to temperature in the Yellowstone River. The river
provides a unigue study situation because it possesses a natural
temperature gradient. It is not exposed to external influences
that could alter the temperature regime such as water impound-
ments or significant heated effluents. Although only temperature
is addressed, it is recognized that other environmental factors
such as turbidity and nutrients may influence the distribution

of insects.

The major objective of this study is to locate the transition
zone or zones, if any, for aquatic insects. Peterman and

Haddix (1875) describe a transition zones for fish of the
Yellowstone dividing the cold water salmonids of the upper river
and warm watey fishes of the lower river. The middle river or
transition zone contains individuals common to cold and warm
waters, although the numbers in some populations may be rela-
tively low because temperatures of the middle river ars outside
the optimum range for some species.

Zonation of aguatic insents h&s received 1little attention to
date because the climatic limitations for most species have not
peen determined. Ids {193 5} emphasizes the importance of
temperature asg the controlling factor of mayfly distribution

in Ontario streams. He found that species of tﬁe Ephemaroptera
increase in nunber downstream. Woting that temperature is the
prime factor in determining altitudinal zonatlon, Dodds and
Hisaw {1%25) found more insect species in the Colorado Rockies
above the 8,000 foot elevation than below. Xnight and Gaufin
(1966), who studies distribution of ?Eece§tera in mountain
streams, found the greatest number of species between elevations
of 7,000 and 9,000 feet.



STUDY AREA

The Yellowstone River originates south of Yellowstone National
Park in Wyoming, flows north into Montana and northeasterly
from Livingston to the Missouri River in North Dakota (Fig.
1}, The average annual discharge ranges from 106 cubic

meters per second at Livingston to 370 cubic meters per

second at Sidney (USGS 1974). The mainstem is free flowing
along its entire length of 1094 kilometers,

Recent investigations by Newell (1976) and Schwehr (1976)

have noted that a diverse community of agquatic macroinvertebrates
exists in the river. The distribution of the organisms was
determined during sampling of the bottom fauna at 20 stations.
(Refer to their reports for descriptions of sampling sites

and insect distribution.}

Temperature data were available from four locations on the
river. Thermcgraphs were located at Billings, Miles City,
and Sidney. USGS calculated the mean daily temperatures for
all but a few months of 1975 for +these sites (G. Pike, USGS,
personal communication). At Livingston water temperature
was recorded once daily. Mean monthly temperatures at the
four stations are shown in Fig. 2. As expected, summer
temperatures increased downstream but it is also important
to note that the increase from low winter temperatures
occurs gradually at Livingston while the change takes place
rapidly at downstream stations, especially at Sidney.

Temperature characteristics are summarized in Table 1. The
temperature range at Livingston is relatively narrow with

- few days of 0 C or 18 C temperatures. At the other extreme,
Sidney has a wide temperature variance with 126 days or 4
months of temperatures that do not exceed 0 C. The river at
Livingston possesses the most stable conditions while at
Sidney the climate is guite extreme. 3

Data from bottom samples were taken from 8 of 20 sampling
sites. Four stations are on the middle river and four more
on the lower river. Mean temperatures from the coldest and
warmest months of 1975 were plotted in Figure 3 showing the
relation between sampling stations and temperature recording
sites.



8 92T

{(ATonpy z°ze 0 az-0 65°8 Avuptg
£9 04 {*bny) 6'0¢ 0 GZ~0 86°8 A2TD SOITW
ze 96 {(*bny) 61 Coge-0 86" L SOUWTTTIY
01 G (*buy) 6797 0 6T~0 z0°8 voasbUTATY

UIET T BT R B sanjeradual abuslx (D) eBaniviscdusy AT
SORT IO o0 1o WIMTRBW " SAY TR TIUY TENUUR AV
gAwp CON siAvp TON

*{RURIUON ‘RUBTSH ‘g980 feMTd

abioesn 70 Asonanon)

GLET UT IB8ATY DUCISAOTTIRA SUL JI01 Bivp sanaeIadusgt,

T eTdRL



Sy3l

Col

‘seTae3IngTal Iolew puer I8ATH SUOISMOTT®A JO dey 1 2anbtg

_v

FWOTIN

/

0

P -

Lt

b

1
Sz

-

:?Eiwﬁ. “3

e L\
AN

%

\wM\,

VNYLNOW




o

TEMPERATURE

G

18

10

20

15

i

20

Livingsion

fﬁ %&y
/ ™y
ffwmmg A
P %‘%
é@ﬁ %,
7 %%
#yf&& Qh%%h
T
§W§¢$ %%%%
Billings gf Q%%
ﬁf %ﬁ
f”ﬁﬁ N
y %,
v %
s AN
& %
7 %
e e
wmﬁmg %%
P N
Miles City ;ﬁ S
= %,
ff %
/ Ay
y %
y %
/ A
7 %,
/ %,
£ %%”
7 T
ﬁmmﬁw
y’%
VS
rd %%
ffy RN
Sidney R
s N
%
%
A
%%
&,
%%
AN
%R
Sy
H i & 5 o # ]

Figure 2.

MOKETH

Mean monthly water temperatures for 1975,



gpanjeiedwel I93eM WnWTIUTW pue unwixew abersay ‘¢ aanbt g

*gr6T UT I9ATY DUOISMOTTRR dU3 3O

ueljels

¢
]
L
®
| L
I
i
I
i
i
!
i
i
i
i
I w
i
f
i
o

A310 senm
sZuig

uceysBuiary |

0%

saniesedites "Wew g udiw "Hae

Jo

&t

)




METHOLE

The insect data used in this paper were taken from bottom
samples collected by Newell (1976} and Schwehr (1976) from
eight sites on the river {(Fig. 1)}. Sampling was accomplished
with a Hess or Water's round bottom sampler which sampled an
area of .083 sguare meters. Six samples were taken at each
iocation at monthly intervals from August through November
1975. These wers the only guantitative samples avalilable.

The results from the 24 samples at each station were pooled

and abundances and distribution of major species were determined.
7o eliminate the bias created by rare species, only the

dominant taxa were used.

The location of greatest concentration for major taxa was
derermined. Due to the broad taxonomy of aguatic insects, a
rransition zone or zone of greatest abundance was determined
for each order based on the presence of dominant specles at
each station. A dominant species at a given station is
dafined for purpeses of this study as one which contributes
st least 5% of the total number of individuals of that
species in the river. This was necessary to prevent bias
created by the presence of organisms at the fringes of their
oreferred rangs of temperatures.



RESULTS

Figure 4 reflects the relative abundance o©of each order.
Diptera, which includes mostly chironomids, and Ephemeroptera
comprise the majority of the insect groups. Individuals of
all orders decrease in abundance downstream. This type of
graph is typical in the literature which depicts the abundance
of each order relative to the total number of organisms
collected in the riwver.

Figure 5 is a more descriptive representation of abundance
which considers the importance of each order relative to the
others and weight is added +to stations which contain a high
diversity of species. This was done by adding the natural
log of the abundance of each species at each station.
Ephemeroptera is clearly the dominant insect group of the
river reaching a peak abundance and diversity at Station 11,
Custer. ‘Trichoptera, Plecoptera, and Diptera are most
abundant and diverse at Station 5, but their importance
decreases considerably downstream. The Figure is a clear
indication that environmental conditions for agquatic insects
are optimum above Station 1l1.

The abundance and fall distribution of major species are
shown in Figures 6-~9. The presence of less common taxa are
represented by a straight line. Only the generic name
appears in some places because more than one species was
contained in a genus or because species identification was
not possible for immature nymphs. A complete taxonomic list
is found in Newell (1976;}.

Plecoptera (¥ig. 6} show a definite decrease in species

numbers downstream from Station 9. All ma}or stonefly

species disappear downstream and no new major taxa are encountered.
Madjor stonefly taxa are: Alloperla, Pteronarcella badia,
Claassenia sabulosa, Isogenus and Isoperla.

Trichoptera (Fig. 7) are more diverse and abundant than
Plecoptera but show a similar reduction downstream. Hydropsyche
and Cheumatopsyche include several species but individual
identifications were not possible. These are the only two
major caddisfly groups below Station 15 at Miles City.

Dominant caddisflys are: Lepidostoma, Arctopsyche, Glossosoma,
Brachycentrus, Hydropsyche and Cheumatopsyche.

Ephemeroptera (Fig. 8) are abundant and diverse. It is the

only order that appears to be adapted to all river environments.
Unlike the other orders, new species of mayflies are encountered
downstream as other species disappear. This is the only

group that has a noticeable species turnover along the

river. Major mayflies are: Ameletus, Rhithrogena undulata,

minutus, Choroterpes albiannulata, Qactylobaetls cepheus,
and Traverella albertana.
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Figure 5. Fall distribution and abundance of Plescoptera.



5 7 9 1 15 17 18 19

mmece Kb yacophila biflla

Lmiocentrus aspilus

Psychemyia flavida

Hydropiils

Aéﬁripssées

Lepideziomsa

Arciopsyche inermis

Giossosoma veiona

Brachycentirus

Decelis

Hydropsyche

Cheumatopsyche

Leptoceila

Figure 7. Fall distribution and abundance of Trichoptera.
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Figure 9. Fall distribution and abundance of major dipterans and
miggellaneocus taxa.



Diptera (Fig. 9} account for 39% of the organisms collected
with the Heszs sampler. Of the dipterans, 572 are chironomids.
Newell {(1976) reports 1I gensra of Chironomidae from the
vellowstone. The abundance of each genus was not avallable
at the time of this writing. The dominant dipterans are:
Atherix variegata, Hexatoma, Simulium, and Chironomidae.

Figure 9 shows the di istribution of Oreodytes, a bestle,

Acari, and @iig@ﬁ%agbﬂ Miscellaneous taxa comprise less
than 3% of the river invertebrates.

4

Tt was not p rhe upper Yellowstone in

oesib
the above figures
+ 2

. amples were taken at
each of the Two site at Corwin Springs and
Station 3 at Livings se samples were taken in November
1975 and incliuded Q&.y ecies, Ephemsrella doddsi, and
Preronarcys Qaﬁixﬁfﬁg have been col.iected at Station
E but not with the H oler. However, the Lwo species
account for only 0.5% of the organisms coliectad in the

eight samples at Starions 1 and 3. In addition, of 152
species collected from the entire river over & l-yeal
period, 136 of them were found in the middle river at Stations
5.11 (MNewell 1976, Schwehr 1376;}.

ghaaﬁsn.ﬁivarﬁity values from Newell (1976) and Schwehr
(1976} for all Hess samples taken in Hovembar 3%7 including
Hess samples from aratione 1 and 3 are shown in Table 2:

Table 2. Shannen diversity values for Hess samples of
November 1975,
Station Numbey
1 3 3 7 £ 11 i5 17 18 19
Z2.64 2.81 3.31 2.6l 3.65 1.81 2.00 2.11% 2.46 1.3¢C
Only at Stations 5, 7 and 9 does the species diversity
exceed 3,00. This suggesis that the middle river contains
the optimum environmental conditions for insect diversity.
Of the environmental paramsters in the upper and middle
river, the temperaturse regime exhibits a measurable change.
rherefore, temperature is expected to be the major influence
of changes in the insect distribution.

The information presented thus far strongly suggests that

the middle river contains the transition zon as % closer

look at changes in distribution is obtained by examining the
tyransition of sach insect order. Figure 10 refls c%s the
number of maior Ephemeyoptera taxa at sach Stati Stations
7 through 11 contain the “1G§§st number of taxa ;ﬁcéaélng
some which are found throughout the river or only upstream

or downstresam from thess s &t@@ﬂ The mavilies are most
abundant in this portion of the rviver (Fig. ). The transition
zons for Szﬁe?%rcpiﬁza extends from Columbus to Custer,

tations 7 to 11,

L5



The transition of Plecoptera (Fig. 10) is unlike the overlap-
ping distribution of Ephemeroptera. Most of the stoneflies
are adapted to relatively cold water. Five major stonefly
genera are found at Stations 5 through 9 equal to the number
in the upper river. Stonefly diversity and abundance drops
rapidly below Station 9 where temperatures are presumably

too high for most taxa. Temperatures of 1% C to 20 C are
near the upper limit of tolerance for Pterconarcella, Claassenia,
and some species of Isogenus, Isoperla, and Alloperla. The
transition zone for Plecoptera is centered at Station 9.

The greatest change in distribution for this group occurs
from Station 7 through 1i.

Six dominant taxa of Trichoptera are present at Stations 5

and 7 (Fig. 11). Diversity decreases below this point.
Temperatures exceeding 18 C for long periods may be intolerable
for Lepidostoma, Arctopsyche, Glossosoma, Brachycentrus, and
possibly some species of Hydropsyche and Cheumatopsyche.

The transition zone for Tricoptera is centered at Stations 7
through 9.

Four major taxa of Diptera were found at Stations 5 through
9 (Fig. 11). Although fewer major taxa are present in the
lower river, the transition of this group is difficult to
assess because the family Chironomidae contains at least 19
genera and an unknown number of species. The chironomids
are the single most abundant insect family in the river.
maxonomic identifications are extremely difficult and data
on generic composition for all stations were not available
for this report. The transition zone of chironomid species
may be quite different from that shown in Figure 11. For
the stations of the middle river, diversity of dipterans
including the genera of Chircncmidae was highest at Station
7 and 9 (Schwehr 1976). Based on the diversity of dipterans
and the digstribution of major taxa shown in Figure 11, the
rrangition zone for this order probably occurs from Stations
7 to 11,

The previcus examination of transitions at the ordinal level
indicates that the transition of aguatic macroinvertebrates
of the Yellowstone lies between Stations 7 and 11, which is

Columbus to Custer.

Summary of Results

Only the mayflies (Ephemeroptera) exhibit a broad tolerance
to climatic conditions. Species’ distributions overlap at
Statione 7 through 11 to form a transition zone for this
order.

The majority of the stoneflies (Plecoptera) are adapted to a
cold water environment which extends downstream to Station

9, the point of transition to a warmer habitat where minimum
temperatures exceed 18 C for as much as 30 consecutive days.

1s
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Trichoptera and Diptera are more abundant and diverse in

conl waters whsre tew?e?a ures rarsaly exceed 20 C. The

major exceptions are Oydropsyche, Cheumatopsyche and Chirono-
midae, which are abundant throughout the river.

the transition zone for aguatic insects occurs from Columbus
o Custer. Ephemeroptera diversity and abundance are favored
by the CLimatzc conditions of this zons, while optimum
conditions for most species of Plecoptera, Trichoptera and
Diptera QSGEE upstream from the tr ansition zone.



DESCUSSION

Although the transition zone for fishes and insects occurs

in the middle river, there are some interesting comparisons
and contrasts between the two communities. Distribution of
Ephemeroptera somewhat resembles that of the fishes. Popula-
tions of both communities are well distributed throughout

the river with an overlap of cold and warm water species.
Both the fish and the mayflies include a few species that
occur throughout the river, but the greatest mayfly diversity
occurs in the middle river whereas fish diversity is highest
in the lower river.

The distribution of FPlecoptera is very similar to that of
the salmonid fish species. Both are adapted to the cold
water of the upper river and diminish in the middle river
near Billings.

Many of the species of Trichoptera and Diptera are present
in the cold waters occupied by salmonid fishes, although a
few taxa are very abundant in the lower river as well.

Unfortunately, species determinations cf many insect larvae
and nymphs was difficult or impossible. Analysis of transition
zones could be improved by identifying all organisms to the
species level. Many insect genera contained only one species.
Other closely related species may share similar preferences

for temperatures. Therefore, it 1s not expected that reanalysis
of transition zones based on species level determinations

would greatly alter the results of this study. But more
definite information on temperature requirements could be
obtained from investigations at the species level,

Another consideration to note is that the insect data gathered
for this study cover only the late summer and fall distribution
and specifically the distribution for 1975. Climatic factors
may vary from yvear to year causing a slight shift in organism
distribution. Distribution is not expected to change season-
ally to any significant degree because most insects have a
life-cycle of at least 1 year and have developed the.

ability to survive seasonal changes in temperature. In

fact, many species are able to extend their range of habitation
by such means as diapause to escape abnormally high or low
temperatures or by emerging from the water as an adult

before water temperatures become intolerable for continued
nymphal survival.

The importance of temperature as a controlling factor in the
distribution of aguatic organisms can not be underemphasized.
Two major influences on river temperatures are severe de-
watering and on-stream impoundments. Higher temperatures
from very low flows or surface drained reservoirs could

cause a shift of warm water species to points upstream from
+heir normal occurrence. At the same time cold water speciles

20



could be eliminated from the downstrean points of theilr
normal range. Flows from the hypolimnial drain of a large
onstream reservoir could have a significant effect on the
remperature regime of the Yellowstope River. Lehmkuhl {1972)
found that production of benthic fauna was greatly reduced
in an area 70 miles below a reservolir on the Saskatchewan
River because water released from the reservoir was warmer
than normal in the winter and colder in summey. Effects may
have been evident for more than 70 miles but he did not
investigate bevond that point. A similar condition could be
produced on the Yellowstone River if a dam is constructed
above Livingston. This could conceivably shift the transi-
tion zone to a point much farther downstream. The seasonal
difference in water temperatures below the dam would be
small and could eliminate species that reguire a broad range
of water temperatures.

Minor changes to the river ecosystem may have negligible
offects on water temperature and such effects would likely be
1imited to a small area. Bubt to predict the changes that
may result from major impacts in terms of temperature, more
information is needed concerning temperature. regimes and
requirements of aguatic insects. The temperature regquirements
of a specific population are known for very few species.
Laboratory investigations have been conducted by Nebeker and
Lemke (1968), Gaufin and Hern (1971}, and Branham, Gaufin
and Traver {(1975% to determine the lethal temperature for
seme insect species. Unfortunastely, the results may be

guite different from those that could be obtained from field
studies. In all three laboratory studies the researchers
failed to create normal diurnal changes in water temperatures
or subject the organisms to rapid changes In temperature
which sometimes occur in nature.

Further knowledge of the temperature regime of the Yellowstone
River may be a key to many guastions concerning the aspects
of the river ecosystem. How are the various communities
dependent on one another? How do the characteristics of the
upper river affect the lower river? How much of the total
river ecosystem will be szffected by a single point impact?
The upper segment of the yiver possesses productive and
diverse communities of algae and insects. These communities
support a fish community of re atively low diversity. The
lower river contains a diverse fish community at the upper
trophic level, but fish populations in the lower river are
dependent on benthic populations that are less diverse than
rhose found upstream, 7The loss of one major insect species
in the lower river could have a greater impact on fish food
habits than the loss of that same species or a closely
related species upstream where the benthos is diverse enough
+0 sustain such & loss. The algae feeders, including many
insects and some fishes, are dependent on the productivity
of the upper river to supply them with the algae which is

i

washed downstream {(Bahls 1976}, The diverse fish community



of the lower river may be in a somewhat precarious position
because it is dependent on a food base of low diversity.

The food chain of the river ecosystem is a complex structure
because the upper river is the primary algae producer, the
middle river contains the most diverse insect community, and
the lower river has the most diverse fish community. Manage-
ment decisions must not be applied to segments of the river

as though each segment were independent of the remainder,

but the entire river must be treated as a whole. Decisions
that alter one portion of the river may cause impacts through-
out the food web at all locations below the point of influence.

22
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