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INTRODUCTION

Populations and communities of immature aquatic insects
exhibit spacial and temporal change in response to the num-
erous and complex interactions of a stream environment. These
spacial and temporal variations are not necessarily restricted
to long stretches of stream length nor prolonged periods of
time, The width of a single riffle is sufficient for the
establishment of a series of intergrading communities (Armi=-
tage, 1958) and a relatively short stretch of stream may
contain ever changing species ranges along it (Barber and
Kevern, 1973). Within a short period of time some species
appear and others disappear as each species completes the
aquatic portion of its life cycle. Aquatic insect occurrence
and distribution can be defined as a continuum of seasonally
changing species distributed along many environmental grad-
ients (Armitage, 1961). Presently there is controversy
about the possibility of defining distinct zonal communities
in terms of their aquatic invertebrate faunas. A zonal com=-
munity classification, according to Hynes (1970 a), is
jastifiable only when applied in a most general way, because
too little is known about the specific changes that occur at
various points along a continuum,

An analysis of the occurrence and detailed distribution
of portions of insect populations often gives information
about the dynamics of the intergrading communities present in

a stream. It is desirable that such an analysis contain not



only information on the relative abundance of each species
present, but also a synthesis which describes species inter-
actions and functions in relation to the dynamics of their
environment.

The purpose of this investigation is (1) to .establish
physical-chemical baseline data useful to possible futufe
investigations of Sinking Creek, and (2) to analyze the
occurrence and distribution of portions of insect communities
present in selected riffles along the longitudinal gradient
of the stream, with emphasis on longitudinal distributions,
seasonal variations, and community composition, over a twelve

month periode.



METHODS

DESCRIPTION OF STUDY AREA

Sinking Creek, a tributary of the New River, is located
in the southwest portion of Craig County and in part of
southeastern Giles County, in the Ridge and Valley Province
of Virginiae. The stream originates from a series of springs
and flows approximately southwest to Newport, Virginia,
where it flows west to its confluence with the New River.
Numerous tributaries enter Sinking Creek throughout its
length and much of its drainage area is used for agriculture.
There is continuous flow in the stream throughout the year
except in the extreme downstream portion, below the state
Route 625 bridge, where the stream sinks undefground during
periods of summer drought.

In describing the geology of the Sinking Creek area,
Hobbs (1953) reported that the strata in the area is approx-
imately 5,400 feet of sedimentary beds, ranging in age from
Upper Cambrian to Lower Devoniane. The lower two=-thirds con=-
sists of dolomites and limestone, while sandstone, shales,
and siltstone comprise the upper third. All the sedimentary

rock is of marine origine.

STATION LOCATIONS
Eight stations, numbered sequentially downstream, were
established in riffle areas that appeared to have similar

substrates. Stations 1, 2, 5, and 8 were selected for



collection of macrobenthos. Fige 1 is a map of Sinking

Creek showing the location of all Stationse The confluence
of Sinking Creek with the New River (omitted for clarity of
Fige 1) occurs 4.8 miles downstream of Station 8. Station

descriptions are included in the appendix.

LONGITUDINAL PROFILE OF STUDY AREA

The longitudinal profile of the study area is presented
in Fige 2 There is a change in altitude of approximately
620 feet throughout the area with Station 1 at an altitude
of 2360 feet and Station 8 at an altitude of 1740 feet. The
change in gradient throughout the study area averaged 23
feet per mile. The steepest altitude gradient was between
Stations 3 and 4 with an equivalent change of 50 feet per
miles The smallest change occurred between Stations 1 and 2
and between Stations 7 and 8 with equivalent changes of 16.6

and 18.3 feet per mile respectively.

PHYSICAL AND CHEMICAL SAMPLING METHODS

Monthly physico=-chemlcal measurements were made at all
eight stations from June, 1972 through July, 1973. The
physical parameters measured included: temperature (Celsius),
conductivity, color, and turbidity. Temperature and conduct=-
ivity were measured in the field. The chemical parameters
measured included: dissolved oxygen, pH, alkalinity, total

hardness, nitrate, total phosphate, iron, manganese, silica,

and sulfate,



Fige 1 Map of Sinking Creek with station locations,






Fige 2 Longitudinal profile of study area, illustrating
the change in altitude and the distance in miles

between stationse
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Acid cleaned glass containers rinsed with distilled
water were used for the collection of water samples. Sam=
ples were packed in ice and returned to the laboratory where
they were stored at 4°C until analyzede. Analysis of physico=-
chemical samples was completed within three days‘of collec=-
tion. Dissolved oxygen (azide modification of the Winkler
method), pH, alkalinity, total hardness, nitrate, and phos-
phate were analyzed by American Public Health Association,
et al., (1971). Color, turbidity, iron, manganese, silica,
and sulfate were analyzed with the Hach Water Chemistry Kit
(Model DR-EL, Hach Chemical Co,, Ames, Iowa). In addition
to the supplemental conductivity and temperature determina-
tions mentioned above, both parameters were measured at
approximately weekly intervals from July, 1972 through
August, 1973. Two maximum-minimum thermometers were placed
at each of the mainstream stations, one thermometer was
prlaced on the stream bank 1 to 2 meters above the surface
of the water. The other thermometer was placed inside a
Piece of O.1 m diameter black plastic pipe buried under rocks
in the streambed. Tables 1=11 illustrate physical=chemical
data collected during this studye.

BIOLOGICAL SAMPLING

Samples for immature aquatic insects were collected
monthly from July, 1972 through June, 1973 at Stations 1, 2,
5, and 8, Collections were made using a D-frame aquatic net

(Wards Natural Science Establishment, Rochester, N.Y.). The
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Ward's net was modified by replacing the standard net with a
cylindrical net made of #0 silk bolting cloth (pore size cae
540p)e. From its point of attachment to the frame the net
sharply increased to a maximum diameter of Q.46 m ; this
diameter was maintained for most of the length o{ the net
(0.97 m), excluding the slightly tapered distal end.

Collecting was performed by placing the D-frame verti=-
cally against the streambed with the net floating downstream,
Each sample was collected by vigorously kicking the area
immediately upstream of the net for three one-minute periods.
The net was emptied of all material after each one-minute
kick and then placed approximately in its original location
for subsequent one-minute periods (Frost, Huni, and Kershaw
1971). On a transect, three three-minute samples were col=-
lected at each station. All samples were labeled, preserved
in either 70% alcohol or 10% formalin, and returned to the
laboratory for analysis.

According to Morgan and Egglishaw (1965) this "equal
effort" method of sampling can be used on a wide variety of
substrates from sand up to stones 60 cm in diameter,
Longford (1971), after trying several collecting techniques,
stated that most techniques could not be used consistently
because of large variations in current velocity and depth
throughout the year. He believes, however, that a hand~held
net used in a standardized manner is the most effective and

adaptable technique for sample collection. It is because of
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such versatility that the dip-net was used in this studye.

The method is also rapid, with the whole process of collecting,
bottling, and labeling the samples taking 15 to 20 minutes,.
The method allows large areas of substrate (0.2 to O.4) square
meters to be sampleds Frost, et. ale., (1971) believe that
when the benthos is in a clumped distribution, aé found in
streams, large samples supplement the information obtained by
small samples from a particular habitat. Although the method
is not quantitative in that it does not sample animals
living deep in the substrate nor a known substrate area, it
is sufficient for qualitative and rough quantitative com=-
parisons between stations (Spence and Hynes, 1971). Further-
more, the method can be employed to determine the percentage
composition of various stream taxa and to collect large
numbers of specimens for life history studies (Zelt and
Clifford, 1972).

In the laboratory, specimens were separated from the
substrate using the sugar flotation method of Anderson
(1959). Samples were then separated into taxonomically
similar groups and stored in 70% alcohol for further enumer-
ation and identification. Identification was carried to the
species level where possible. Taxonomic keys for Plecoptera,
(Smrchek, 1973), Trichoptera (Ross, 1944), Ephemeroptera,
(Needham, Traver and Hsu, 1935), Coleoptera, (Leech and
Chandler, 1956) and Diptera (Wirth and Stone, 1956), facili-

tated identification. For efficient use of time, Diptera,
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-
especially Chironimﬁdae and Simulidae, were only identified
to familye. The total number of individuals and the relative
abundance per taxa was calculated for each month and for the

entire yeare.



PHYSICO-CHEMICAL RESULTS AND DISCUSSION

PHYSICO=-CHEMICAL PARAMETERS

The characteristics of the groundwater and surface run=
off of a watershed largely determine the physical and chemi~
cal characteristics of a streams Since the physico~chemical
features of a stream influence the number and kinds of or-
ganisms present, it was desirable in this study to establish
ranges for these parameters as well as their seasonal and
longitudinal variations. Ideally, physico-chemical changes
should be continuously monitored to detect diurnal varia=~
tion; however, this is often difficult because of technical
and practical limitationse Although periodic determinations
indicate the physical or chemical nature of the stream for
the brief period of sample collection, general trends may
become evident if the periodic sampling is conducted over
extended periods of time (Krumholz and Neff, 1970).

Monthly air temperature maxima and minima are pre-
sented in Figure 3 and 4 (weekly fluctuation in temperature
were omitted for clarity of figures). The data indicate
yearly air temperature maxima . and generally smaller ranges
between maximum and minimum values were recorded during July
and August. Minimum air temperatures and larger ranges
characterized January and February, while the fall and spring
were transition periods with air temperatures decreasing in
October and increasing in March. Although I was able to read

and reset ailr and water thermometers only once a week, I

15
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Fige 3 Maximum and minimum monthly air temperatures for
Stations 1 through 4 on Sinking Creek From July,
1972 through June, 1973,
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Fige 4 Maximum and Minimum monthly air temperatures for
Stations 5 through 8 on Sinking Creek From July,
1972 through June, 1973,
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observed that seasonal trends were evident from these weekly
temperature readings. When compared to a continuously re-
cording thermograph, average temperatures for weekly re-
cordings tend to be higher during periods of warming, and
lower during periods of cooling; but, over a long period the
averages do not differ greatly (Edington, 1965).‘ Water
temperatures (Fige 5 and 6) followed air temperatures at all
stations reaching maximum values in the summer, minimum
values in winter, and exhibiting rapidly changing values in
the spring and fall. During the summer the maximum water
temperature (ZBOC) at Stations 1 and 3 were generally lower
than at other stations; while generally higher maximum water
temperatures (25.5°C) were recorded at Station 2. Station 1
also had lower minimum temperatures during summer than the
other stations. The presence of springs and/or increased
shading of upstream waters by overhanging trees and brush
may explain the lower maximum and minimum temperatures of
Station 1 and possibly of Station 3, However, a small mill=-
prond, maximum depth approximately 4 meters, located upstream
of Station 3 may have influenced water temperatures at this
station. Since the pond would have a smaller surface to
volume ratio than the shallow stream, it would require rela=-
tively longer periods of time for solar insolation to heat
the water which in turn would loose proportionately less
heat to the air by convection. The outfall of the pond,

consequently, might be expected to have lower maximum
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Fige 5 Maximuvn and minimum monthly water temperatures for
Stations 1 through 4 on Sinking Creek From July,
1972 through June, 1973«
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Fige 6 Maximum and minimum monthly water temperatures for
Stations 5 through 8 on Sinking Creek From July,
1972 through June, 1973
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temperatures and smaller temperature ranges than other
sections of the stream. This appears to have been the case
at Station 3 where the maximum temperatures and the ranges
between maximum and minimum water temperatures were less than
the values measured at downstream stationse. This apparent
decrease in temperature range existed only duriné the summer
and falle. Corresponding to the decreases in solar insolation
and the increases in flow associated with winter and spring,
the ranges at all stations were comparable and closely fol=-
lowed changing air temperatures. Stream morphology and lack
of overhanging vegetation upstream of Station 2 may explain
the higher maximum water temperature observed at this
station. Long stretches of the stream at this station were
relatively shallow and flowed through predominately cleared
agricultural land, thus exposing the water to relatively
longer periods of solar insolation than possible if the banks
were treelined. This increased solar insolation upstream of
Station 2 possibly explains the higher maximum water tem-
perature measured at this station. At the others, Stations

4 through 8, yearly water temperature profiles were compar=
able being intermediate between the lower maximum tempera-
tures at Stations 1 and 3 and the higher maximum temperatures
at Station 2. One slight exception was observed at Station

7 which was located downstream of a second millponde. The
minimum water temperature at this station remained relatively

constant during August and September while the minimum
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temperatures at stations above and below Station 7 were de-
clininge. This may have been an artifact due to thermometer
error, or it may be that the greater water depths of the
millpond required slightly longer periods to cool. Since
thermometers were periodically checked for accur%cy, I be-
lieve a longer cooling period explains the observations made
at Station 7.

Specific conductance measurements performed at approxi-
mately weekly intervals during the study period furnished an
indication of ion concentration of Sinking Creek water.
Table 1 illustrates the yearly range and mean for specific
conductance at each statione. The mean specific conductance
at Station 1 was 131 micromhos; the mean increased to 151..4
micromhos at Station 2 and fluctuated between 151 and 158
micromhos from Station 2 through 7. At Station 8 a slight
increase to 168 micromhos was observed., Harrell and Doris
(1968) speculated that increased conductance may be due to
increased leaching of soluble minerals with greater length
of flowe Thus the increases in conductance observed in
Sinking Creek may be due to increased leaching along the
stream gradient. This appears likely since other solutes,
alkalinity and total hardness, also increased with greater
length of flow. These changes in solute concentrations may
indicate changes in the amounts of soluble minerals at var-
ious points along the stream. Since all determinations were

made in the field, standardization of measurements at 25°C
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Table 1

Yearly Mean and Range of Specific Conductance (u mhos)e
For Sinking Creek From July, 1972 Through June, 1973

Station Mean Range
1 131 4LO4O =~ 21545
o 151 64¢0 = 241.0
5 152 6240 = 245,0
5 157 760 = 31040
6 152 8245 = 325,0
7 157 82¢5 = 33845
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was not possible; consequently, seasonal variations were not
apparent. Conductivity is known to vary widely from stream
to stream, making comparisons between streams difficult; how=-
ever, the specific conductances measured in Sinking Creek are
reasonable when compared to values of greater thap 100 microm-
hos reported in several rainstorms (Whitehead and Feth, 196.4).
The true or specific color of natural waters results
from the interplay of light on dissolved or colloidal sub=-
stances while apparent color results from the interplay of
light on dissolved and colloidal substances as well as sus-
pended particulate material (Reid, 1961). Apparent color
measurements indicate that the values observed at Station 1
had a lower range and a smaller mean than the values ob-
served at the remaining stations (Table 2). On the other
hand, values observed for samples collected at Stations 3,
and 5, had greater ranges and larger means than those for
Stations 2, 4, 6, 7, and 8. The highest readings for color
were measured during the spring and summer samples. Fall and
winter measurements were usually low (10 to 20), with a color
of 10 being barely noticeable to the casual observer (Henm,
1970). The color of natural waters usually results from
leaching of organic debris and differences in the amounts of
debris may explain color variations observed at successive
stations. Although no attempt was made to quantify amounts
of debris present in Sinking Creek, it appears that higher

readings were observed during the summer when flow is
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Table 2

Yearly Mean and Range of Apparent Color For
Sinking Creek from July, 1972 Through June, 1973

Station Mean Range
1 28 12 = 25
2 33 15 - 110
3 38 15 - 150
L 31 15 - 110
5 38 10 - lgO
6 30 7 = 430
7 32 15 - 85
8 35 8 - 80
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usually lower than at other seasonse. The higher summer
readings could be due to increased amounts of debris which
possibly accumulated during periods of low flow. Yearly
means for turbidity (Formazin Turbidity Units which are com=-
parable to Jackson Turbidity Units) were lowest at Station 1,
greatest at Station 2, and of intermediate values at the re-
maining stations (Table 3). Turbidity describes the degree
of opagueness of the water and is associated with suspended
particulate matter, Subtle changes in the types of vege~
tation or amounts of erosion occurring in the study area may
influence the amount of suspended particulate matter present
at various points in the streams, These changes in sus-
pended solids may account for differences in turbidity along
the longitudinal gradient of Sinking Creek,

Dissolved oxygen for all eight stations, was near or
above saturation throughout the year (Table 4); the lowest
observed saturation value was 87% (7.6 mg/l) at Station 1.
Measurements indicating oxygen super saturation were not un-
common with some values ranging as high as 125% (9.5 mg/1)
saturation. The ultimate source of dissolved oxygen in
water is from the atmosphere; some oxygen, however, may be
contributed by photosynthesis. When the rate of photosyn=-
thetic oxygen production is greater than the rate of com~
munity respiration, supersaturation of the water may occur.
In a study of selected streams in southwestern Virginia,

Neel (1973) found oxygen supersaturation present only in
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Table 3

Yearly Mean and Range of Turbidity (Formazin Turbidity
Units) for Sinking Creek from July, 1972 through

June, 1973
Station Mean Range
L 9 4 =25
2 15 2 - 38
3 L5 2= 55
L 12 2 - 29
5 11 2 - 58
6 10 3 =29
7 10 3 =28
8 12 L - 28
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Table 4

Yearly Mean and Range of Dissolved Oxygen (percent
saturation and mg/l) For Sinking Creek From
July, 1972 through June, 1973

Station Mean (mg/l) Mean (%) Range (mg/l) Range (%)
2 1046 110 Be7 = 1247 104 - 125
3 1045 107 el = 1346 99 - 119
L 104 110 8eb6 = 13,3 103 - 124
5 10.6 111 9.0 = 13,2 100 - 119
6 10.7 111 848 = 1246 102 - 122
8 10.5 107 8e8 = 1242 o4 - 125
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samples containing carbonate alkalinity. Thus some measure-
ments of Sinking Creek samples indicatingsuper saturation, but
not associated with bicarbonate alkalinity, may be artifacts
of sampling error or improper chemical analysis. Although
significant changes in the relative percent of saturation
occur diurnally in many streams, no attempt was made to mea-
sure such change in Sinking Creek; consequently, it is not
known if the high dissolved oxygen values measured during
daylight persist throughout the night.

Hydrogen ion concentrations (pH) ranged from a.low of
6«75 to a high of 8.85; higher values (above 8.5) had accom-
panying carbonate alkalinity (Table 5)e Seasonal and longi=-
tudinal variations in pH were not conspicuously evident, and
therefore will not be considered in detail. However, season-
al variations in pH have been reported for small streams
during periods of high leaf fall when large leaf packs often
cause marked decreases in pHe Leached constituents and de-
composition products of leaves as well as increased bacterial
production of carbon dioxide explain such decreases (Slak and
Feltz, 1968). Although large leaf packs were observed in
Sinking Creek, increased flow during the fall may have re=-
moved them from the study area before any significant change
in pH could occure. Furthermore, changes caused by remaining
leaf packs could have been masked by dilution or pH change
could have occurred between two successive sampling periods

in which case it would have gone undetected.
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Table 5

Yearly Mean and Range of Hydrogen Ion Concentration (pH)
For Sinking Creek From July, 1972 through June, 1973

Station Mean Range
l 709 6080 - 8.14-0
2 8.0 60?5 - 8085
3 800 6080 - 8.35
Ll- 801 6080 - 8075
5 801 6070 - 8.?0
6 8.1 6090 - 8.80
7 8.1 6.90 - 8080
8 8.1 6.80 - 8.80
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Table 6 shows the yearly means and ranges for total
alkalinity and total hardness at all eight stations. Total
alkalinity ranged from a low of 59 mg/l at Station 1 to a
high of 125 mg/l at Station 8, Carbonate alkalinity (present
in natural waters only when pH exceeds 8.5) was observed in
September (at Stations 3, 6, 7 and 8) October (at Stations 2,
L4 and 5) and January (at Stations 2, 4, 5 and 6). Total
hardness ranged from a low of 68 mg/l (as CaCo3) at Station
1, to 142 mg/l at Station 8. Both alkalinity and hardness
increased in the downstream direction with the greatest
change in mean values occurring between Stations 1 and 2.
The mean values of these parameters increased slightly from
Station 2 through 8. Higher solute concentrations were us-
ually observed during periods of low flow, Apparent in-
creases in solute concentrations during low flow have been
generalized by Slak and Feltz (1968), who state that the
annual chemical quality cycle of small streams are low
solute concentrations during relatively high stream flows
when run-off predominates over groundwater inflow and high
solute concentrations during low flow when ground water
predominates over run-off., This generalization may be ap=-
plicable to Sinking Creeke

Total phosphate and nitrate measurements, using un-
filtered water samples, are summarized in Table 7. Yearly
means for total phosphate varied from a low of 0,196 mg/l
at Station 1 to a high of 0.217 mg/l at Station 8. Although
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Table 6

Yearly Mean Concentration and Ranges of Alkalinity (mg/l)
For Sinking Creek From July, 1972 through June, 1973

Station Mean Range
1 81 59 = 114
2 93 72 = 119
3 97 78 - 118
b 99 78 = 124
5 97 79 = 120
6 95 68 - 121
7 100 80 - 123
8 106 87 - 125

Yearly Mean Concentration and Ranges of Hardness (mg/1l)
For Sinking Creek From July, 1972 through June, 1973

Station Mean Range
1 95 68 - 122
2 107 83 - 138
3 110 86 = 140
L 112 85 = 138
5 113 90 - 138
6 108 75 = 135
2 113 84y - 135
8 120 100 - 142
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Table 7

Yearly Mean Concentration and Range of Total Phogphate (mg/1)
For Sinking Creek Irom July, 1972 through June, 1973

Station Mean Range
1 0196 0080 - 0350
2 192 063 = 4320
> «199 <080 = 323
L «206 o070 = L340
5 204 054 = 4385
6 0201 0070 . 0322
7 215 063 = 4320
8 0217 0070 - 0394

Yearly Mean Concentration and Range of Nitrate (mg/1)
For Sinking Creek From July, 1972 through June, 1973

Station Mean Range
1 1.55 Oe45 = Lo4tO
2 2.10 0090 - 3070
3 2-45 1.20 - 4065
4 2455 1l.15 - 5.10
5 2425 0675 = L4655
6 2420 0690 =~ 3440
7 2410 1.10 = 3,35
8 2060 0090 - 5.65
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yearly means for total phosphate are similar at all Statiomns,
a wide variation in range of phosphate values was observed
throughout the studye. This range (for total phosphate) ex=-
tended from a low of 0,054 mg/l to a high of 0.394 mg/l.
Nitrate measurements indicated a low concentratiqn of 0456
mg/l at Station 1 and a high concentration of 5.56 mg/l at
Station 8. The mean concentration of nitrate increased from
Station 1 to Station 2 by approximately 0.5 mg/l and then
fluctuated by less than 0.5 mg/l from Station 2 through 8.
One collection, made September 30, 1972, contained elevated
nitrate concentrations, however, stream flow was very high
and the water appeared muddy, possibly indicating increased
erosion and suspended sediments containing additional
nitratess Slight increases in nitrate and phosphate con=-
centrations were measured in September, October and Novem=-
ber and again in March, April, and May (all samples collected
during "normal" flow)e. The principal sources of nitrate and
phosphate in streams are rainfall and land surface runoff
(Hynes, 1970a). Although no attempt was made to quantify
amounts of phosphate and nitrate present in rainfall or
surface runoff, seasonal variations in precipitation and
runoff may explain, in part, observed increases in phosphate
and nitrate concentrations during the Fall and Springe.
However, these increases in concentration may also be
explained by changes in amounts of detritus, rates of de-

composition, or ratios of ground water to surface runoff.
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Furthermore, phosphate and nitrate concentrations measured
in Sinking Creek appear to be slightly higher than those re-
ported by Hayles (1973) for Tom's Creek  (a nearby sister
tributary in the New River Drainage). Since no two water-
sheds are identical, variations in solute concenﬁrations be-
tween streams are to be expected. Differences in land use,
vegetation, and possibly many other interrelated environmental
factors, help explain differences in nitrate and phosphate
concentrations when comparing values from two or more streams.
Occurring either as particulate ferric hydroxide or as
some organic complex form, small amounts of iron were mea-
sured in Sinking Creek (Table 8). Comparing all stations,
the highest yearly mean value 0,19 mg/l and the greatest
range 0,02 to 0.43 mg/l was measured at Station 1. Both the
mean and the range decreased at Station 2 and they remained
approximately comparable for all remaining stations. Sev-
eral springs, water from which eventually flowed into
Sinking Creek, were discovered upstream of Station 1. Flow
near the springs was rust colored, possibly due to precipi-
tating ferric hydroxide, as was much of the vegetation and
substrate for a few meters downstream from the mouth of the
springe A possible source of ferric hydroxide is iron found
in groundwater. According to Hem (1970) ground water can be
sufficiently reduced to carry ferrous iron, and in many areas
concentrations of 1.0 to 10 mg/l of iron are common. In the

presence of oxygen the water becomes cloudy and then brown
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Table 8

Yearly Mean Concentration and Range of Iron (mg/l) For
Sinking Creek From July, 1972 through June, 1973

Station Mean Range
1 .190 .02 - ol+3
2 o145 02 =~ L22
3 0138 002 - 030
L{. .llO «01l - .20
5 0120 oOl b 022
6 0105 QOl - .30
g 0098 oOl b 020
ollo QOl -

24



39

as ferrous iron oxidizes to form precipitating ferric hy-
droxide. Particles of colloidal organic material, however,
can absorb metal oxides or hydroxides including ferric hy-
droxide. These particles, transported by flow, may have been
responsible for the higher iron concentrations oﬁserved at
Station 1.

The mean concentrations of manganese (Table 9) were
similar for all stations and while there was some variation
in observed ranges, especially at Station 1, 3, and 8, the
study did not indicate seasonal or longitudinal change.
Similarly, the means for sulfate as SOZ (Table 10) and for
silica as S10, (Table 11) demonstrated some variations be=-
tween stations; however, neither seasonal nor longitudinal
trends appeared evident. Exhibiting no evident trend the
Observed ranges for sulfate were greater at Station 5 and 6
than at the other stations, while Station 2 and 7 had smaller
ranges than the otherse. In a like manner, ranges for silica
were greater at Station 1, 5, and 8 than at the other stations.
The means observed for silica exhibited no evident longi=-
tudinal trends and appeared reasonable when compared to a
median value of 14 mg/l silica commonly observed in natural

waters (Davis, 1964).
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Table 9

Yearly Mean Concentration and Range of Manganese (mg/l)
For Sinking Creek From July, 1972 through June, 1973

Station Mean Range
l .52 .lO "‘ 080
2 28 «lO = 55
5 3D 10 = 75
l+ 028 015 i 050
5 «30 «10 = 50
6 ¢ 30 15 = 450
7 027 20 = .50
8 OLI—O 015 - 080
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Table 10

Yearly Mean Concentration and Range of Sulfate (mg/l)
For Sinking Creek From July, 1972 through June, 1973

Station Mean Range
1 762 L - 16
2 7el 5 =10
3 Be? 5 =18
L 7el 4L - 12
5 8e3 5 = 20
6 7.9 5 - 20
7 702 5 - 12
8 7e7 5 = 15
Table 11

Yearly Mean Concentration and Range of Silica (mg/l1)
For Sinking Creek From July, 1972 Through June, 1973

Station Mean Range
l 8.7 5.1 - 1201
2 806 602 - 10.5
5 9elt 7e2 = 11la7
4 900 7.1 - ll.O
5 9.0 5.5 - 1209
6 Beb 649 = 1049
7 803 7.0 - 1105
8 900 600 - 1206




BIOLOGICAL RESULTS AND DISCUSSION

To understand the continuum of change characteristic:
of aquatic insect communities, seasonal and longitudinal var-
iations of individual taxa must be analyzed. In an attempt
to evaluate these changes in Sinking Creek, the following
aspects were examined: monthly fluctuations in occurrence,
longitudinal patterns of distribution, and the influence of

relevant environmental factors on community structure.

SEASONAL CHANGE IN TOTAL NUMBERS OF INDIVIDUALS COLLECTED

In temperate latitudes, several investigators report
definite seasonal trends in aquatic insect numbers. Usually
faunal numbers decline in the spring and early summer, pri-
marily due to emergence. Numbers rise again during the late
summer and early autumn as new individuals are recruited
from hatching eggs. In the winter, numbers may decline be-
cause this is a time of little or no recruitment and of con-
tinued mortality and predation. Faunal numbers may, however,
rise quite rapidly during this period if many winter growing
Plecoptera and Ephemeroptera are present. Emergence of
early stoneflies (Plecoptera) may cause a decrease in total
numbers of specimens in the early spring, however, such
losses in numbers may be offset by the hatching of eggs from
early flying species, especially Ephemerella (Ephemeroptera)
(Hynes, 1970b).

The generalized seasonal trends for i<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>