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INTRODUCTION

The small streams of the eastern Kansas Flint Hills were
described by Jewell (1927) as transitional between typical
woodland streams of the temperate deciduous forest biome and
the true prairie streams of the temperate grassland biome. Like
the former théy are assoclilated with a riparian forest and
receive large amounts of allochthonous organic matter, but like
the latter they have swift currents and are subject to flooding
so that the bottoms are swept relatively clean of organic
deposits,

Studies of small, first to fourth-order, streams of the
temperate deciduous forest biome have resulted in accumulating
evidence to support tne contention that they are heterotrophic
systems. That is, stream resviration exceeds photosvnthesis
and the detritus-based stream community is dependent upon the
import of oresanic matter from the terrestrial community through
which it flows {(Nelson and Scott 1962; Hynes 1963; Egglishaw
1964; Minshall 1967; Triska 1970; Fisher 1971; Hall 1971; Fisher
and Likens 1972; Cummins et al. 1973). The inference is that
true prairie streams, which are not associated with & riparian
Torest, should tend to be autotrophic because of decreased
import of organic matter and increased solar energy input. The
streams of eastern Kansas, while transitional, should exhibit
heterotrophic properties because of theilr assoclation with a
riparian forest.

Significant alteration of running water ecosystems by man

disrupts their natural heterotrophic tendency (Cummins et al.
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. 2.
1973). When streams are altered by straightening their channels
and removing the associated ripariasn forest the stream ecosystem
would be expected to shift to an autotrophic condition.
Factors effecting this shift include a decrease in the alloch-
thonous organic matter input to the stream, a reduction in the
heterogeneous character of the stream and its channel which are
responsible for the capture of the organic matter, and an
increase in primary production as a result of reduced shading
and consequent increased solar energy input.

Allochthonous orgzanic matter has been documented as the
predominant energy source in the energy budget of temperate
woodland streams (Nelson and Scott 1962; Minshall 1968; Fisher
1971; Kaushik and dynes 1971; Hall 1972; Cummins 1972,1973;
Cummins et al. 1972,1973). IMinshall (1967) concluded that
allochthonous leaf material was the most important energy
source in his study of Morgan Creek, Kentucky. Vannote (1970)
determined that up to two-thirds of the annual energy reguire-
ments of primary consumer orgzanisms in a woodland stream was
.provided by allochthonous detritus. Fisher and Likens (1972,
1973) calculated that 99% of the annual énergy input to Bear
Brook, in the northern hardwood forest of New Hampshire, was
allochthonous, of which 28.8% was leaf litter. Thus, it has
been established that a woodland stream in the temperate zone
is heterotrophic, with the surrounding forest providing most of
its total energy requirements.

A hearing before a subcommittée of the United States House
of Hepresentatives in 1971 established that stream channelization

alters the physical characteristics of a stream as well as their
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biological systems. Tarplee et al. (1971) stated in a study of
North Carolina coastal plain streams that 'channelized streams
are extremely shallow, have a flat bottom and contain few deep
pools, whereas, undisturbed natural streams are deeper and
contain numeroué deep pools.' Wolf, McMahon and Diggins (1972)
concluded from a study of semi-natural and channelized vortions
of the Missouril River in South Dakota and Iowa, that while the
diversity of organisms in both portions is nearly the same, the
density of benthic organisms in the semi-natural portion is
three times that of the channelized river portion. They also
state that the channelized portion is only one-third as'wiaé aﬁd
has lost 60% of the habitat diversity found in the semi-natural
portion. Congdon (1971) studied fish populations in channelized
and unchanneiized sections of the Chariton River in Missourt
and calculated that channelization resulted in an 87% loss in
the total standing crop and an 89% reduction in the standing
crop of catchable-size fisgh,

Since channelization alters both the physical and bioclogical
nature of a stream, processes such as allochthonous organiec
matter processing should also be altered. Petersen and Cummins
(1974) investigated winter rates of leaf litter welght loss for
several tree specles constituting detrital input to Augusta Creek
in southern Michigan. They reported some differences in alloch-
thonous leaf litter processing from experimesnts in a heavily
Wwooded head-water area and a less heavily wooded mid-drainage
section that is open to solar radiation, warmer, and more
autotrophic.

The heterogeneous physical nature of a small stream is
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easily ohserved in 1ts characteristic riffle and pool arrange-
ment. Hynes (1970) discusses the relationship between stream
current velocity and sediment types. The scouring effect of
fast flowing water in riffles leaves only the large particle-
sized sediments, while the slow moving water of the pools allows
the fine particles to settle out, forming sand and silt beds.
The fauna of stony riffles is richer than the fauna of silty
pools (0'Connell and Campbell 1953; Mackay and Kalff 1969;
Cummins and Lauff 1969; Hynes 1970; Mackay 1972). Since the
benthic community of riffles is different than that of pools
then vprocesses like allochthonous organic matter breakdown
should also differ. Reice (1974) showed that allochthonous
leaf litter was broken down less in silt”than in other sediments.

The purposes of this study are to test the following

hypotheses in a second-order stream of the eastern Kansas Flint
Hills:

1. A natural stream in this region is a heterotrophic
system, i.e., the photosynthesis/respiration ratio is
less than one.

2. A channelized portion of the stream will exhibit auto-
trophic properties, i.e., the photosynthesis/respiration
ratio 1ls greater than one,

3. Leaf litter from different species of trees exhibits
different leaching and degradation rates in this stream.

4. Allochthonous organic matter entering the channelized
portion of the stream ecosystem will be processed
differently than that which enters the natural portion.

5. Allochthonous leaf 1litter is broken down faster in



riffles than in pools.
DESCRIPTION OF TEE STUDY AREA

A series of experiments designed to test these hypotheses
was conducted in Lost Creek (Figure 1), located north and east
of Belvue in Pottawatomie County at approximately 39°14' north
1atitude and 96210 longitude. It is a second-order stresm
tributary of the Kansas River in the eastern Kansas Flint Hlllé.
First-order stream channels are defined from the streams point
of origin to its junction with another first-order channel,
resulting in a channel which is defined as being of the second-
order, Lost Creek flows about 16 km and drains an area of
about 5200 hectares. Dischargze averages 0,17 cubic meters per

second at the mouth. The physical characteristics are listed

in Table 1.
Table 1. Physical characteristics of Lost Creek
Metric English

Length . . . . . 16105 10 miles
~Average flow at nouth v v ¢ » 017 W ésec 6 cfs
Drainage area . . . . . o o W W % 52 km 20 mi.2
Average slope of stream bed © & & W 0.4 % 0.4 %
Average stream width . . . . . v & G 5.0 m 16 '
Average stream depth . . . . . . . . . 0.2 m 8 in
Annual precioitation . . . . . 80 cm 32 in
Water temperature (seasonal varlation) 0-33 °¢ 32-91 °F

Lost Creek arises from springs in upland grasslands and
flows through forest and cultivated farmland. Above the Kansas
River terraces the stream cuts thréugh limestone layers and
exposes glacial till in some of its banks. In this portion it

is associated with a riparian forest, but on the terraces it has
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been channelized for drainage purposes to facilitate agricul-
tural practices and little riparian vegetation is present. 1In
the fall of 1973 and the spring of 1974 several severe rain-
storms caused the waters In the creek to rise, resvlting in
minor fleooding. As a result of these floods, which are -
characteristic of the type of flooding which oeccurs in the
stresms of this rezion, the natural portlon of the stream is
Qharacterized by a deep bed with banks of various degrees of
slope. The channelized downstream portion has an even deeper
bed with banks of a fairly uniform 60° slope, Which are more
stable because the flood waters are channeled swiftly downstream
and do not cause extensive erosion of the banks.

Prior to 1846 the Kanza Indians inhabited this region. On
June 5th of that year they ceded their claims to this country to
the Federal Government who, in turn moved the_Pottawatomie tribe
to a 900 square mile reservation which included the Lost Creek
drainage. The Pottawatomie tribe was removed from this
reservation prior to the couning of the Union Pacific Railroad
(Kansas Division) in 1866, A railroad station was established
at Belvue and the town was laid out by 1871. The pre-channel-
ization condition of Lost Creeck on the terraces was one of a
shallow stream channel that did not satisfactorily drain the
land, which resulted in a marsh-like habitat along its lower
reaches. Maps of the rezion show that this lower reach of Lost
Creek has been sienificantly altered by two major drainage
projects, one in the 1890's and another in the 1920's. By 1940
the channelization of the lower portion of the stream was

complete, with the last dredgzing of the channel having occured



in the mid-1950"'s.

MATERTALS AND METHODS

Diurnal Oxyzen Curve Analysls

Diurnal oxygen and temperature measurements were made to
test the hypoﬁhesis that the channelized portion of the streanm
would exhibit autotrophic conditions and would therefore identify
sites for the leaf litter degradation experiment. Hourly
estimates of the oxygen concentration of the stream water, using
a Yellow Springs Instrument Model 54 Oxyzen Meter, were made at
four selected sites for a 24-hour period beginning on July 24,
1974 (sites A,B,C, & D in Pigure 1). The single station diurnal
oxygen curve method of analysis proposed by Odum (1956) was
appllied. This method is a simplification of the upstream-
downstream method discussed at length by Odum (1956) and Owens
(1969).

With thils method, the diurnal changes in oxygen concentra-
tion at a single point in the stream are used to estimate
photosynthesls, respiration, and diffusion. The change in the
concentration of dissolved oxygen in the stream water per square
meter of surface area at the station can be expressed as:

Q=P-R+D
where Q 1s the rate of galn or loss of oxygen per square meter
of stream surface area, P 1s the rate of production of oxygen
(photosynthesis), R 1s the rate of oxygen use (respiration),
and D 1is the rate of oxygen gain by diffusion. All of these

rates are expressed as g 02/m2/hr.
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The change in the concentration of dissolved oxygen can be
measured as:
Q = ((Cp - C1)/(Tp - T1)) x (depth)
where Cq 1s the dissolved oxygen concentration (mg/1) at time
T4y and C2 1s the dissolved oxvgen concentration at time T, and
depth is the mean channel depth at the site in meters (Owens
1965).
The oxygen saturation value of the water, given the temper-
ature ( C) and the barometric pressure (mm Hg) is:
Ciy = (468/31.6 + temperature)/(760/pressure)
where Cgq 1s the oxygen saturation concentration at time Ty
(Montgomery et al. 1964).
Diffusion 1s calculated as:
D=(f)x (Cqy = Cg2)-
The exchange coefficient (f) is a measure of the rate at which
oxygen transfers through a unit surface area, in unit time, when
there is a unit deficit of oxygen in the water. It can be
calculated using a slope method which plots Q , the change in
the concentration of dissolved oxygen, versus (Csl - Csz). the
.saturation deficit, for all the nighttimé hours. A least
squares method is employed to determine the best linear relation-
ship between the points. Since during the night Q =D - R,
which can also be written:
Q= (f) x (Cgy - Cyp) =R
the slope of the regression line is the exchange coefficient (f)
in m/hr and the y-intercept represénts the average nighttime
respliration value (Brock 1975).

Respiration was assumed either (1) constant throughout the
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24 hour period, or (2) to respond with a temperature coefficient
(QIO) of 2.0. The hourly respiration values are then used to
calculate photosynthesis during the daylisht hours:
P=Q+ R - D,
The P/R ratio (photosynthesis/respiration ratio) was
calculated from the diurnal values to determine whether auto-

trophic or heterotrophic processes were dominant at each site.

Leaf Litter Decradation Analvsis

The dlurnal oxygen curve experiment ldentified the

establishment of four sampling stations on Lost Creek for this
leaf litter dezgradation experiment. Two stations were located
upstream, above the Kansas River terraces} in the natural
portion where the riparian forest exists (site C in Figure 1).
The other two stations were located downstream, where the stream
hés been channelized and the vezetation =2long it has been |
reduced due to agricultural practices (site E in Figure 1).
Both sites consisted of a pool station with a riffle station
immediately downstream. The experiment was designed to coincide
with the autumnal leaf fall and started at the time when the
largest input of allochthonous organic matter occurs (Minshall
1967).

Leaves of hackberry, Celtis occidentalis L., and chinquapin

oak, Quercus muehlenbercii Engelm., were collected just prior

to or just after abscission during late September and early
October 1974 from trees growing together on the campus of Kansas
State University, Manhattan, Kansas. The leaves were randomly

arranged so that they did not all face the same direction in
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packs of 30 leaves for hackberry and 26 leaves for oak, then
fagtened loosely together with long shank huttoneers. Use of
larger leaf packs would have resulted in them being unnaturally
cohesive. The packs were ajr-dried for one week, weilrghed, and
subsamples were oven dried at 50° for 48 hours to determine
the oven-dry initial weight. Samples were then ashed at 550°C
for 3 hours to determine the ash-free initial dry weight. The
packs, equivalent to oven-dry welght approximately 5 to 6 grams
each, were individually lashed loosely to numbered holed bricks
with ten pound test monofilament nylon line. The leaf packs
Wwere left exposed, instead of enclosed in nylon mesh bagé. thus
not limiting the natural access to macroscoplic benthic fauna or
constraining the physical flow of the ﬁater (Cummins 1973).

Hackberry leaf packs were placed in the stream on October
8, 1974 and the chinquapin oak leaf packs on October 22, 1974,
This closely followed the actual time of entry of these leaves
into the stream from the riparian trees located near the sites.
The bricks were set in the sﬁream with the leaf packs facing
upstream, Random sampling of three replicates at each site was
‘at 24 hours, 1 week, 8 weeks, and 16 weeks. These four sampling
times provide for a resonable analysis of leaf pack degradation
during the four months following natural leaf entry into the
stream (Cummins 1973). Any differences in the leaves as a
result of differences between trees from which they were
collected or between leaf collection time relative to leaf
abscission aie equalized during the 24 hour leaching interval
(Cummins 1973). The sampled leaf packs were removed from the

bricks, sealed in plastic bags and returned to the laboratory
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and frozen until they were analyzed.

In the laboratory, each leaf pack was rinsed and hand
sorted to remove animals and debris. The leaves were dried at
50°C for 48 hours to determine their respective oven-dry final
weicht, The leaf packs were then ground in a Wiley mill and a
sample of ground leaf materiasl from each pack was ashed at 550°C
for 3 hours to determine the ash-free final dry weight., The
ash-free dry weight measures only the organic portion of the
leaf packs and corrects for fine mineral sediments that were
not removed during rinsirg.

The leaf pack degradation experiment 1s a completely
randomized four factor experiment. The assumptions of random-
ization are met by the random assignment“of leaves to packs and
packs to treatments. The total number of treatment combinations
was 32 (2 species, 2 stream sites, 2 stations at each site, =2nd
4 sampling times). The total number of samples was 96 (3 rep-
licates of the treatments).

Since there are seven degrees of freedom available for
analysis of variance comparison of treatments, seven.(l ar)
degradation rate comparisons may be made. The selected compar-
isons of leaf pack weight loss which provide fhe most information
about the differences in leaf pack degradation in the context
of this experiment were:

1. Hackberry vs. oak

2. Natural sites vs. channelized sites

3. Riffle stations vs. pool stations

" 4, Natural riffles vs. channelized riffles

5. Natural pools vs. channelized pools
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6. Hackberry in natural sites vs. hackberry in channelized

sites.
7. 0ak in natural sites vs. oak in channelized sites.
A priori the 0.05 level was chosen for statistical significance,

RESULTS

Diuvrnal Oxygen Curve Analysis

Table 2 provides a description of the physical parameters

of sites A, B, C, and D during the diurnal period July 24, 1974.

Table 2. Physical deseription of sites A, B, C, & D. 7-24-1974

STATIONS A B Cc D
Depth, avg. .07 m Lo m .06 m .05 m
Depth, max. | .12 m .05 m .09 m .07 m
Width L.2 m 3.2 m 1.5 m 3.0 m
Velocity .14 m/sec .33 m/sec L6 m/sec 46 nm/sec
Flow 148 m3/hr 152 m3/nr 149 m3/hr 248 n3/hr
Distance 8.2 km 8.0 km 5.5 km 3.5 km

from mouth

Substrate  small pebble small and small and small pebble

and silt medium rock medium rock and clay
Shading seml-shaded semi-shaded semi-shaded not shaded
DiSSOIVGd 5-5-10.6 6.0-11.2 6.5-9-8 5-6-1?|?
oxygen range meg/l ng/1 mg/1 mg/1
Water temp. 21.0-26.3 20.8-26.8 20,9-27.0 20,8-31.2
range % °c °C .

Site D, the only sampling site in the channelized portion
of Lost Creek during thls mid-summer experiment, 1s characterized

as belng completely open to insolation, having a different
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substrate, and a greater flow than the three sites 1n'the
natural portion.

The data on which the single station diurnal oxygen curve
analyses are based 1s given graphically in Figure 2. The
dramatic difference in diurnal changes in oxygen concentration
and temperature associated with channelization of Lost Creek is
revealed by comparison of the curves from Site D with those from
Sites A, B, and C. The oxygen content of the water during the
daylight hours is higher at Site D, the maximum value being
17.7 mg/liter as compared to a range of 9.8 to 11.2 mg/liter at
the natural sites. The maximum water temperature for 3ite D 1is
also higher (31.2 °C compared to a range of 26.3 to 27.0 °C at
Sites A, B, and C).

Table 3 shows the photosynthetic rate (P), the respiration

rate (R), and the P/R ratio for each site,

Table 3, Results of the diurnal oxygen-curve snalysis

A. When respiration is assumed constant:

Site Photosynthesis Respiration P/R ratio
(g 0,/m2/day) (8 0p/m?/day)
A 0.83 1,02 0.81
B 0.51 0.54 0.95
C 1.21 1.88 0.64
D 4.16 2.11 1.97

B. When respiration is assumed to have a temperature coefficient
(Q10) of 2.0:

Site Photosynthesis Respiration P/R ratio
(g 0,/m?/day) (g 0p/m2/day)
B 0. 56 0.59 0.96
c 1.42 2.09 0.67
D 4.60 2:55 1.81
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Site D, in the channelized portion of Lost Creek, 1is
autotrophic (P/R ratio »1), whereas all three stations in the
natural section have lower primary production estimates than
respiration estimates (P/R ratio¢ 1) and are therefore
predominantly heterotrophic.

These differences between Site D in the channelized portion
and the three sites in the natural portion led to the prediction
that leaf litter processing may also differ in the two portions

of the stream,

Leaf Litter Degradation Analysis

Leaf packs were located in Lost Creek at natural and
channelized sites, (sites C and E respecﬁively in Figure 1),
with a station 1n a pool and another in a riffle immediately
downstrean at each site. Figure 3 shows the results of this
féur month leaf pack degradation experiment.

Welght reduction in leaf packs involves two identifiable
processes., The first is a rapid 24 hour loss due to leaching.
Associated with this, secondly, is a long period of gradual
loss due to leaf pack degradation (Nykvist 1959, 1961; Cummins
1973; Petersen and Cummins 1974; Reice 1974).

Table 4 presents the 24 hour leaching loss rate from

monospecific leaf packs of Celtis occidentalis and Quercus

muehlenbergii at each station in this experiment.
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Table 4. Mean 24-hour leaching loss
from 3 leaf pack samples vper stream station#®

18.

Specles Stream Statilon Mean Percent S
Leaching Loss

Celtis occidentalis Natural Pool 18.56 %
Natural Riffle 19.13 %
Channelized Pool 15.79 %
Channelized Riffle 13.38 %

Quercus mushlenbergzii Natural Pool 3.05 %
Natural Riffle 1.86 %
Channelized Pool 1.37
Channelized Riffle 2.37 %

¥ expressed as percent ash-free dry weight loss

tandard
Error

2.50
2.20

‘0.51

0.94

0.58
0.39
0.69
0.73

Table 5 presents the analysis of varlance compariso

these leaching losses.

Table 5. Leaching loss analysis of variance with
seven non-orthosonal comvarisons

ns of

Sources of Variation df 3.8. M.S. F

Prob,
Treatments 7 1339.2 191.3 37.09 £0.0001
(1) Hackberry vs. (1) 1270.8 1270.8 246,34 <0.0001
Oak
(2) Natural site vs. (1) 35.3 35.3 6.85 0.0187
Channelized site
(3) Riffle stations vs. (1) 1.5 1.5 0.30 0.5923
Pool stations
(4) Natural Pool vs. , (1) 14,9 14.9 2.88 0.1089
‘ Channelized Pool
(5) Natural Riffle vs. (1) 20,7 20.% b.01 0.0624
Channelized Riffle
(6) Hackberry Natural vs. (1) 54,6 54,6 10.59 0.0050
Hackberry Channelized
(7) 0ak Natural vs. (1) 1.0 1.0 0.20 0.6606
‘Qak Channelized
Error 16 82.5 5.2
Total 23 1421.8
The average leaching loss from hackberry leaf packs was

16.72 % and from oak leaf packs was 2.16 %. This is a
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significant difference (P ¢.0001). This measure of leaching
loss was significantly higher from leaf packs in the natural
site (P =.0187) than in the channelized site. Hackberry leaves
leached faster in the natural site (P =.0050), but oak leaves
did not significantly leach faster in the natural site (P =,6606),
This in situ measurement of 24 hour weight loss from the leaf
packs is a measurement primarily of leaching loss, but it may
also include some measure of leaf pack degradation if larval

insect invasion is rapid. Early degradation of Celtis occident-

alis leaf packs in the natural site may be a source of error in
this leaching loss interpretation. Inspection of the data on
the number of insect larvae removed from the leaf pack samples
showed that invasion was higher in the natural sites after 24
hours.

From the analysis of variance comparisons for the measure-
ments of leaf pack degradation (Table 6) it can be seen that
the major cause of weight loss is exposure time (P<’.0001).
This is expected, because more breakdown will occur the longer
the leaf packs are left in the stream. Leaf packs made from
leaves of the two tree species disappear-at different rates
(P <.0001), with hackberry leaf packs losing weight faster than
chinquapin oak leaf packs. After 16 weeks in the stream
hackberry leaves had lost 75-100 %2 of their original weight and
oak leaves only 20-65 %. Leaf packs of both species disappear
faster in riffles than in pools (P£ .0001). Hackberry lost 98 %
in riffles and 81 % in pools, but oak leaf packs lost only 63 %
in riffles and 35 % in the pools after 16 weeks. Leaf packs

disappeared more rapidly in the natural stream portion than in



20.

Table 6. Four factor leaf pack degradation analysis of
variance with seven non-orthozonal comparisons

Source of Variation ar S.S. M.S. F Prob
Treatments 31 89883.3 2899.5 95.75 <0.0001
Sampling Units_ (7) 30746.3 4392.3 145,05 <0,0001
(1) Hackberry vs. (1) 25539.1 25539.1 843.37 «<0.0001
(2) Ngigral site vs. (1) 431.8 #31.8 14.26  0.0004

Channelized site
(3) Riffle stations vs. (1) 4257.7 L257.7 140.60 <0.0001
Pool stations

(4) Natural Pool vs. (1) 884, 3 884.3 29.20 <0,0001
Channelized Pool
(5) Natural Riffle vs. (1) 0.1 0.1 0.004 0.y492

Channelized Riffle
(6) Hackberry Natural vs. (1) 212.0 212.0 7.00 0.0102
Hackberry Channelized

(7) Oak Natural vs. (1) 219.8 219.8 7.26 0.0090
Qalk Channelized
Sampling Times (3) 52545.4 17515.1 41,03 <0.0001

Units x Times Interaction (21) 6591.6 313.9 10.36 0.0018

Error 64 1938.1 30.73
Total 95 91821.4

the channelized portion of the stream (P =,0004). Both hack-
berry leaf packs (P =.0102) and oak leaf packs (P =.0090)
degraded faster in the natural site than in the channelized site.
Since there was no significant difference in leaf pack degrad-
ation between the natural and‘the channelized riffles (P =.9492),
the maln difference between the natural and the channelized
portions of the stream is the processing in pools, where the
natural stream pool processes the leaf packs faster (P < ,0001).
Processing in the natural pools was 85 # loss of hackberry and
46 % loss of oak leaf packs, compared to 79 % and only 24 %
respectively in the channelized pool after 16 weeks. During

‘the same period of time processing in the natural riffle was
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97 % loss of hackberry and 63 # loss of oak, the comparable
values in the channelized riffle was 100 Z and 64 % for hackberry
and oak respectively. Degradation of leaves was invariably
faster in riffles ﬁhan in pools, both in the natural and the

channelized portions of the stream.
DISCUSSION

The observation of the dramatic difference in diurnal
changes in oxygen concentration and temperature assoclated with
the channelization of Lost Creek is consistent with the
hypothesis that removal of the canopy will result in higher
temperatures and higher photosynthetic oxyzen production.

There are two methods to estimate primary productiocn in
flowing waters from the analysis of diurnal fluctuations of
dissolved oxyzen. They are the upstream-downstream (two station)
method and the single station method. The upstream-dovnstream
method measures the rate of change of dissolved-oxygen between
two stations. The resulting estimate of primary production is
for the stretch of stream between the two stations. The single
station method assumes that 'the incoming water has had the same
diurnal history as the water just preceding', 1.e. 'a second
station would reveal a curve identical with that of the first
station' (Odum 1956).

A major source of error in the upstream-downstream method
is that imposed by irregularities caused by longitudinal mixing.
This method assumes that measurements of changes in oxycen

concentration and temperature are made in the same water mass.
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Longitudinal mixing, however, implies that the further apart
the stations the longer it takes water to pass between stations
and the lower the probability that the measurements are being
made on the same mass of water., Corrections for longitudinal
mixing have not been successful (Owens, Edwards and Gibbs 1964).

The upstream-downstream method is advantageous in streams
that have long reaches of relative uniformity in which long-
1tudinal mixing is minimized. 1In small streams with the riffle-
“pool arrangemént the reaches of relative uniformity are short
and the use of the single station method is favored. The
shorter the reach, the greater the probability that it is
experiencing a simultaneous fluctuation in dissolved oxygen
concentration. The single station analysis gives estimates of
the rates of photosynthesis and respiration that are not
necessarlly precise or accurate descriptions of the processes in
the entire stream, The interpretation is limited to small
reaches of the stream, because the diurnal rhythms are measured
at a single point. The purpose of this study was to conmpare
the photosynthesis/respiration ratios between natural and
channelized sites and not to establish definitive estimates of
these processes,

The results of the diurnal oxygen curve analyses support
the hypothesis that a natural second-order Kansas Flint Hills
stream 1s a heterotrophic system in mid-summer and that
channelization to improve drainage by the stream and removal of
the assocliated forest canopy is acdompanied by a shift to an
autotrophic condition.

The leaf packs used in this study were analogous to natural
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autumnal leaf accumulations in streams and allows near natural
processing (Petersen and Cummins 1974). The measurement of
leaf pack welght loss determined only the removal of leaf
material from the pack and not the total degradation of leaf
material. Transport of fine particles downstream was not directly
measured and no distinction between export and consumption by
bacteria and fungi, and/or consumer fauna was possible.

The leaf litter degradation data show that two distinct
processes are involved, a rapid early loss of leachable materiél
follewed by a gradual loss due to degradation. The measurement
of leaching loss is the rate that the leaf pack is loslng weight
rather than the loss rate of the total‘ leachable component
(Petersen and Cummins 1974). Kaushik and Hynes (1971) stated
that detrital feeding invertebrates may select leaves due to
differential rates of microblal colonization. The measurement
of leaching loss in this experiment is compatible with these
findings.

Petersen and Cummins (1974) hypothesize that leaves of
7 different tree species may form a continuum of processing rates
with new sources of food becoming functiﬁnally available to the
stream system as slower leaf specles degrade. Using their rate

classification system Celtis occidentalis would be classified

as a 'fast' degrading species, rapidly avallable as food for the

system, while Quercus muehlenbergil is a 'medium' or 'slow'

species, Whiph i1s slower in becoming functionally avallable as
food. |
Reice (1974) concluded that stream veloclty per se is

secondary in leaf litter decomposition to the direct activities
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of the different communities found in riffle and pool areas.
Speciles diversity was reported by Mackay and Kalff (1969) as
being proportional to the relative heterogeneity and stability
of the sediments. The greater relative heterogeneity and
stability of thé sediments may help explain higher leaf litter
degradation in riffle areas.

It is significant that naturally occuring leaf vacks are
absent from the channelized portions of Lost Creek, making it

doubtful that degradation normally occurs at those sites.
CONCLUSIONS

These experiments were desizned to provide evidence with
which questions posed in the introduction conuld be answered.
An Interpretation of these analvses as related to those

hypotheses 1is:

Hypothesis Besult Remarks

A natural stream in the Accept On July 24, 1974 at the

Kansas Flint Hills is a as true three natural stations tested,
heterotrophic systém, _ " this hypothesis was true.
(P/RC1),

A channelized portion Accept On July 24, 1974 at the one
of the stream will as true_ channelized station tested,
exhibit autotrophilc this hypothesis was true.

properties, (P/R >1).
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Leaf litter from Accept Leaching rates are not fully

different specles of ag true interpretable. The percent
trees exhibit different loss from Celtis occidentalis
leaching and degradation leaves in the first 24 hours
rates in this streém. was greater than that from

Quercus muehlenhersii,

Allochthonous organic Accept Leaf litter degradation is
-matter entering the as true different in natural and
channelized portion of channelized pools, but may
the stream ecosystem will not be different 1n riffles.
be processed differently Leaf litter is not naturally
than that which enters present in the channelized
the natural portion, portion of the stfeam.

Allochthonous leaf litter Accept This hypbthesis is true in
1s broken down faster in as true both channelirzed and natural

riffies than in pools. portions of the stream.
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Second-order streams that are assoclated with a riparian
forest are generally characterized as heterotronhic systems,
dependent upon allochthonous sources of organic matter. It 1is
predicted that the system would shift to an autotrophic
condition when éhannelization results in decreased allochthonous
organic matter input and increased solar energy input.

Primary production and leaf pack degradation processes
were studied in natursal and channelized portions of a second-
order Kansas Flint Hills stream. Diurnal oxygen curve analysiis
and leaf pack degradation anslysis provided the experimental
tests.

The channelized portion of the stream had higher
photosynthetic rates in mid-summer and 1§wer leaf pack
degradation rates during the winter than the more natural
pqrticn of. the stream. Photosynthesis/respiration ratios were
less than one in the natural vortion of the stream and greater

than one 1n the channelized portion. Celtis occidentalis leaf

packs degraded faster than Quercus muehlenberziil leaf packs,

losing an average of 90% and 50% respectively after 16 weeks in
the stream. Degradation was faster in the natural portion than

in the channelized portion of the streamn.



