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ABSTRACT 

The invertebrate drift and benthic invertebrate fauna in Smith Valley 
Creek (LaCrosse County, Wisconsin) were studied fran October 14, 1976 
to May 14, 1977 and the influences of physical and chemical variables 
were examined. 

Pairs of sample nets were set for 24 hours at 2-week intervals at 
3 stations. Twelve sets of 2-hour samples were collected during two 
sampling periods in an effort to determine whether diurnal peroidicities 
in drift occurred. Benthic samples were collected five times during the 
sampling period. Dissolved inorganic nutrient concentrations and physical 
characteristics were determined for each sampling period. 

The benthic invertebrate fauna appeared to be negatively impacted 
by human activity. Poor water quality due to additions of silt and soluble 
inorganic nutrients and the occurrence of potentially catastrophic ev~nts 
appeared to be the cause of low benthic populations. Nutrient concentra­
tions fluctuated with highest concentrations coinciding with periods of 
greatest discharge. Significant differences in nutrient concentrations 
occurred between two of the stations. 

The most abundant benthic taxon \vas l:!2:_dr()_pJry"che sp. (48% of the 
total bent~ic organisms). 

3 
The highest drift rates Here those of Ga_mma_rus 

li~naeus (X = 4. 35/1000 m of total discharge). There \·lere no significant 
differences in total drift rates bet\•Jeen stations 1 and 2. No major 
relationship was observed between soluble inorganic nutrient concenLra­
tions and drift rates. Seasonal variations in drift rates of HydroJ'1syche 
sp. and g_;:t_m_rnar_ll_S_ limn~i_":_US appeared to be inversely related to day length 
and (or) water temperature. ~embers of the Dytiscidae, Hydropsyche sp. 
and 9arr~arus ]}_11maeus exhibited a negative phototaxis (big~;in~us pattern) 
\·lith respect to diurnal drift. .£:_up_a..:£_yphus :c.p. (Diptera) and §Sra_!:iOJ~Yf;_ 
sp. drifted predominantly during daylight lwurs. 
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INTRODUCTION 

The drifting of invertebrates is a normal feature of lotic 

systems. This phenomenon is referred to in various ways, e.g., as 

organic drift (Huller 1954), downstream drift of the invertebrate 

fauna (Bishop and Hynes 1969) stream drift (~uller 1974), invertebrate 

drift (Elliott 1969), drift of stream benthos (Diamond 1967), and 

simply as drift (Hildebrand 1974). The term drift fauna, as distinguished 

from bottom fauna, is incorrect since drifting is a temporary event 

in the life of many benthic invertebrate species (Haters 1972). 

Berner (1951) described drift as a heterogeneous, macroscopic 

group of living and dead organisms carried by the current on or 

below the surface of the water. He included t~rrcstrial and aquatic 

invertebrates and fishes. Waters (1962) defined drift as the quantity 

of organisms drifting dmmstream per unit time per unit stream width. 

Huller (1954) described drift as traveling benthos; furthermore, he 

provided impetus for studies of invertebrate drift with his observations 

of qualitative relationships among drift, bottom fauna, and drifting 

invertebrates as a source of fish food. H<ist detailed research concerni·1g 

drift has been done in the last ten years. Consequently, the full 

ecological impact of drift phenomena have not been conclusively determirwd 

(Waters 1972). 

Hany fish \vhich use drifting invertebrates as a food source in 

turn serve as a source of food and recreation for nmn. Because of 

this relationship, factors affecting drift r<1tes are of imporL1nce in 

resource management. 

The pre~;cnt study, tllerL:forP, ..,,ms eonductC'c! to obt<lin dnta on 



the drift of benthic invertebrates and factors affecting drift rates. 

The primary objectives of this study were to: 

2 

(1) determine the taxanomic composition and quantity of invertebrate 

drift in Smith Valley Creek, 

(2) determine whether diurnal periodicity exists in drift rates, 

(3) determine the effect of soluble nurtients on drift rate$, 

(4) compare the composition of drifting organisms to the benthic 

fauna and compare seasonal changes in each, 

(5) determine the effects of several physical variables (photoperiod, 

air and water temperature, and discharge) on drift rates. 



LITERATURE REVIEH 

Three types of drift have been described: constant, catastrophic, 

and behavioral. Waters (1965) described constant drift as the drift 

of occasional individuals of all species present that, for some reason, 

lose their attachment to the bottom and drift in lmv numbers without 

regard to diurnal periodicity. Constant drift has been observed by a 

number of investigators (Anderson and Lehmkuhl 1968, Anderson 1966, 

Elliott 1965). Constant drift, however, can be masked by catastrophic 

and behavioral drift, because the latter generally involves the movement 

of more organisms. Constant drift probably has no significant effect 

on invertebrate populations because of the small number of organisms 

involved (Haters 1972). 

Physical-chemical disturbances (high discharge, drought, high 

temperature, ice scouring, pollution, and insecticides) are among the 

causes of catastrophic drift. The mechanical effects of flood water such 

as increases in width, depth, and velocity of water can result in 

exceptionally high drift rates as compared to those of normal water 

levels (Huller 1954, \h1ters 1961, Reisen 1972). Anderson and Lehmkuhl 

(1968) described a five-fold increase of Cl1ironomidae and S~nuliidae 
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(Diptcra) larvae in drift samples during a short period of high discharge!, 

as well as a general tendency for larger individuals to be collected 

du-ing these times. Minshall and Hinger (1968) observed an increase in 

invertebrate drift after a sudden, artificially induced reduction in 

stream flm,r. Insects that normally drift at night could, by a sudden 

redDctio1_; in discllnrge, be inJuccd to drift at midcby. The disclwr~e 

rcductic)l-, act:od murc Z1~; a ~;timulus for incrcas0d invPrtebrate activity 



than as a mechanism for physical dislodgement from the sediment 

(Minshall and Winger 1968). 

Waters (1972) defined behavioral drift as the result of a behavior 

pattern characteristic of certain species. Increased nocturnal activity 

brings organisms out from their places of daytime concealment, and 

increases their chances of being carried off by the current. Foraging in 

the rela~ive concealment of darkness is a primary factor in periodic 

behavior of invertebrates (Waters 1967, Elliott 1967). Other factors 

include crowding during periods of rapid growth (Elliott 1967) and pre­

pupation and preemergence activities (Reisen 1972). 

The three types of drift (constant, catastrophic, and behavioral) 

can occur simultaneously. Anderson and Lehmkuhl (1968) found that 
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members of the orders Ephemeroptera and Plecoptera retained their 

characteristic diurnal drift periodicity during periods of high discharge. 

At times there is apparently no clear distinction between the three 

causes of drift (Haters 1972). 

Diurnal drift periodicities are well documented in the literature 

(Tanaka 1960, Muller 1963, Waters 1962, 1968, 1969, Elliott 1969). 

Whereas most investigators report a marked incre.ase of drift at night, 

Anderson (1967) and \~;Hers (1968) observed 1)oth ct"y-drifting organjsms 

and those with no diurnal drift pattern (W;tters 1962, 1969). 

Diurnal periodjcities of drift rates commonly have 2 principal 

peaks per day. The bigeminus pattern, by far the most common, has a 

peak approximately one hour aftet~ sunset, and a sma] ler peak just 

before sunrise. The al ternans pattc~rn has a minor peak in drift rotcs 

approximi! tely one hour after sunset, ancl 3 m;1jnr pc<1k ,,,ithin 2 hours 



of sunrise. Using concurrent 30-minute sampling periods, Elliott (1969) 

distinguished several minor drift rate peaks whicl1 could not be dis­

tinguished with longer sampling periods. 

A member of the Amphipoda, Gamme1rus sp., had commonly shown marked 

diurnal drift patterns and high drift rates (Peterka 1969, Waters 1962, 

Iverson qnd Jessen 1977). Anderson (1966), Anderson and Lehmkuhl (1969), 

and Bishop and Hynes (1969) did not observe diurnal periodicity in drift 

rates of the Chironomidae (Diptera), however, both Steine (1972) and 

Reisen and Prins (1972) found members of the Chironomidae drifting with 

a diurnal pattern. 

Apparently, light intensity is usually the stimulus for diurnal 

drift rate periodicity (Holt 1967, Elliott 1965, Harker 1964). Holt 

and Waters (1967) observed that, under decreasing light conditions 
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the threshold of light intensity initiating high drift rates was 1 lux 

(approximating the light level one hour after sunset)(Holt and.Waters 19G7). 

Laboratory studies showed that the threshcld can be as low as 0.001 lux 

(Bishop 1969). Holt and i~aters (1967) and Elliott (1967) reported 

that with reversal of the light-dark periods, some drifting organisms 

adjust their drift patterns. Responses and light thresholds appear 

to he species specific. 

Waters (1969) states that the secondary drift peak of some 

Baeti~ sp. mayflies e1ppeared to be of endogenous origin. This 

was hypothesized by earlier investigators ..;.;ho suggested that any 

circadian drift rhythm is lobile and easily modified (Holt and Waters 

196 7). 

High invertebrate drift rates, due to b~'l!avior:1l drift, could 

seemingly denude upstre;1m areas of benthic fauna. This, hmvever, has 
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not been observed (Muller 1954). Waters (1966) suggested that drift is 

production in excess of carrying capacity; therefore, no upstream recolon­

ization is required. Drift acts as a regulatory mechanism by keeping the 

population level near the carrying capacity of the stream. Muller (1954) 

proposed that a colonization cycle exists in which aerial adults of 

aquatic insects compensate for downstream drift of the larvae by active 

upstream flight for oviposition. Colonization of denuded benthic areas 

occurs by four methods: drift, upstream migration within the water, 

migration from within the substrate, and aerial sources, e.g., oviposition 

(Williams and Hynes 1976). Of these methods, drift appears to be the 

most important mechanism (Hilliams and Hynes 1967). 

Dendy (1944) postulated that pools tend to act as catch basins 

which allow drifting organisms to halt their downstream drift and begin 

an upstream movement. Because Gar'!.!_narus sp. (Amphipoda) lacks a flying 

stage, it is confined to sHimming as a means of upstream transport. 

Minchley (1964) observed significant upstream movements of Gam~ar~ 

bousfieldi after displacement by floods. In laboratory studies involving 

the absence of food, upstream movements of _Car1marus _p~1__le~ ahvays 

exceeded dri£:-. rates. Lehmann (1967) found that the same number of 

tl:w t the size of a radioac tive-markcd popuL, tion remained constant at 

the release point for a considerable time. It has been suggested by 

W8tcrs (1972) that upstream movements of organiEms do not completely 

compensate for their dmvnstream movements due to drift. Upstream 

migration of adults is \vell documented, hmvcver, migrations with no 

discernibJ c orientation have also been obsc~vccl (\bters 1972). Muller 

(l97L!) reporLFd th;lt the upstream fJ.ights of adults occur \vith some members 



of the orders Ephemeroptera, Trichoptera, and Diptera. 

Waters (1966) observed that drift can be greater below than above 

a riffle. If the relationship between drift and production in excess 

of carrying capacity is linear, production rates may be estimated by 

examining drift rates (Haters 1961). Life cycle and behavioral 

characteristics of the species must be examined to obtain accurate 

estimates of production rates (Hall et al. 1980). w11en examining 

drift phenomena, it becomes apparent that estin1ating production rates 

by using drift data is complex. 

Waters (1972) reported that there is no direct relationship 

between invertebrate standing crops and drift rates. Any density 

dependent relationship between the two is not linear (Waters 1972). 

Drift is not a local phenomenon. Because drifting organisms travel, 

a drift-net sample is not necessarily a representation of the standing 

crop in the vicinity of the net. 

Marked seasonal fluctuations in drift rates are documented. These 

drift changes may be closely related to periods of maximum grmvth and 

density independant variables such as prepupation and preemergence 

activities (W3ters 1969, Reissen and Prins 1972, Stoneburner and Smock 

1979). Stone'Jurr.~•r auG Smock (1979) found a close cCJrn~lotion bctvJeen 

exuviae collected and increased larval drift density. This observation 

indicates a relationship between periods of rapid growth and high drift 

rates. Lehmann (1967) reported that drift rates of _Q_.::~n~~aru_~ sp. males 

increased during the breeding season. 

The effect of ,,Jater temperature on drift appears to be varied. Both 

positive and ncg::lt:ivc correlations vli.th drift rates have been observed 

(Reisen and Prins 1972). Hatvr tcmpernturc appears to be the sUmulus 
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for the day drift of _9ligophlebodes_ ~igma (Haters 1968). 

Net downstream movements of organisms can be significant to benthic 

populations. The distance through which organisms drift varies with 

species, current velocity, and substrate; however, it does not vary 

diurnally or monthly (Elliott 1971). In a blocking experiment, 

t-Jaters (1965) estimated mean drift distances to be 50 to 60 rn per night. 

For Baetis sp. and Gammarus sp., two genera frequently and abundantly 

caught in drift, mean drift distances of 1 to 5 m were observed. Both 

McLay (1970) and Elliott (1971) found an exponential relation in the 

return of released organisms to the benthos. 
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DESCRIPTION OF STUDY AREA 

Smith Valley is a rural, agricultural area which has a 16 ha 

campground at the upper end. Smith Valley Creek is a small second order 

stream located in R6W and T15N in LaCrosse County, Wisconsin, with a 
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mean discharge during this study of approximately 0.25 m3 /sec. (Fig. 1). 

The stream is approximately 6.6 km in length and empties into the LaCrosse 

River. It ranges from 0.5 to 2.0 rn in width and from a few ern to 

approximately 0.4 rn in depth. Three sample stations were establisl1ed 

along the study reach (Fig. 2). 

Station 1 was located near the headwaters of Smith Valley Creek 

SO rn downstream from a small spring and 100 m downstream from a campground. 

A small strip of hard\vood trees enclose the stream at this point. Riffles, 

generally 2 to 5 m in length, and smaller pools \d.th a rock and gravel 

bottom composed the stream in this area. 

Station 2 \vas located 2. 8 km dmvnstream from station 1, approximately 

100 m downstream from Kiel Coulee Road. The stream flows through a 

small feedlot approximately 150 m above the sampling station. Pasturelavd 

dominates the area and grazing animals had access to the stream. The 

stream varies between 0.8 and 1.3 min width at this point, and has a gr,vel 

bottom. In general, this portion of the st.ream consists of long riffles 

connected by small pools. 

Station 3 \vas located 1.4 km downstream from station 2. Pasturelancl 

do.ninates the immediate area with animals hoving access to the stream. r1'he 

stream is 1.0 to 1.3 m \,,ide at this point. In contrast to stations 1 

and 2, this ptntion of the stream is, in general, slightly deeper, 

has- more pools than d fflcs, and has a gravel nncJ sj lt bot t:om. 



Figure 1. Map of LaCrosse County, Wisconsin, showing location of 
Smith Valley Creek. 
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Figure 2. Map of Smith Valley Creek, LaCrosse County, Hisconsin. 
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NETHODS AND NATERlALS 

Field Hethods 

Drifting invertebrates were collected using nets with rectangular 

openings measuring 25 X 40 em, allowing a maximum sampling area 

2 of 0.1 m · The net frames were fitted with NitexR netting (4751-1 mesh) 

and a detachable sample cup. 

Sample nets at station 1 were placed at the downstream end of 

a small riffle. Benthic samples were taken a few meters downstream 

from the nets in a riffle area. Nets at station 2 were placed at the 

14 

dmmstream end of a 15-m riffle. Benthic samples vere taken immediately 

upstream from the drift sample site. Sample nets were set in the 

riffle portion of the stream at station 3. Bottom samples \Vere taken a 

fev meters upstream of the nets in areas with the least amount of silt. 

The benthic community 1...ras sampled using a Surber type sampler 

with a sample area of 35 X 35 em. 

Air and \Vater temperatures were measured with a glass thermometer 

and recorded during each sample period at each stati6n. 

Stream d~pths \Vere measured for each sampling station at the 

beginning and end of each sampling period 1.1ith a meter stick calibrated 

in 1-cm intervals. ?~asurements were taken at 10-cm intervals across 

th~ streaD. The depth of water enter 

in the center of the net frame at the beginning and end of each sampling 

period. Average depths Here utilized to calculate total flm..r through 

the nets. 

Current velocities were measured for each station at the beginning 

and end of each sampling period 1.vith a current meter (Price R Hodel All.). 

Heasuremcnts were taken at 20-cm intervals acro~;s the stream. Current 
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velocities were measured at the center of each net frame at the beginning 

and end of the sampling period. Average current velocities were utilized 

to calculate total discharge. 

Water samples for nutrient analysis were collected in acid-washed 

1-1 NalgeneR bottles during each sampling period and were immediately 

returned to the laboratory for analysis. 

Samoling RPgime 

Smith Valley Creek \·laS sampled from 10-14-76 to 4-25-77. Pairs 

of sample nets were set for 24 hours at each station once each week 

for the first 3 weeks, and at two week intervals thereafter. Twelve 

sets of 2-hour samples were taken during 2 sampling periods (11-14-76 

and 5-14-77) to determine the diurnal periodicity of drifting invertebrates. 

Duplicate benthic samples were taken at each sample station at six-week 

intervals. 

Organisms and debris collected from both drift nets and benthic 

samples were 1•laced in plastic containers and were taken to the laboratory. 

Laboratory Procedures 

Sa!_!Ple !rep_ar<'_tion 

All samples were fixed and preserved i~ 70% ethanol (containing 

The samples wE·re placed in \vhite enameled pzms and the organisms were 

picked from the debris V.'ith forceps. The organis1ns were then placed 

in vials conaining new 70% ethanol until they could by identified 

and counted. The organisms were keyed to the lowest identifiable taxon 

using Hilsenhoff (1975), Pcnnak (1953), and Nason (1973). 

_l{ej_gl! t s 

An analylicC~1 bzd;lnce (Het:tlc·r, type H) v.1s u~~cd to determine 
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wet weights. The organisms were removed from the vials, blotted dry and 

weighed. Wet weights were determined for each taxon for each sampling 

period. Due to the small number and size of many taxa, average weights 

were determined by weighing a number of individuals from the same or 

adjoining sampling periods together. When practical, organisms were weighed 

separately. 

Water Chemistry 

Water was analyzed for the following nutrients: Arrrrnonia-nitrogen, 

nitrate-nitrogen, nitrite-nitrogen, soluble inorganic phosphate-phosphorus, 

pH, hardness and alkalinity. Nitrogen as ammonia (NH
3

-N) was determined by 

the phenate method (APHA 1976). Nitrite-nitrogen (N02-N) was analyzed 

using the diazontization method (APHA 1976), and the phenoldisulfonic acid 

method (APHA 1971) was used to analyze for nitrate-nitrogen (N0
3
-N). 

Nitrogen species are expressed as mg NH 3-N/L, mg N0 2-N/L or N03-N/L. 

Soluble inorganic phosphate-phosphorus (P04-P) was analyzed using the 

EPA (1974) si~,gle reagent method and is expressed as P0
4
-P/L. 

Hydrogen ion 2ctivity, as pH, was determined electrometrically with a 

pH meter (ColcmanR Nodel 12) and a combination electrode. Hardness was 

determined by the EDT1\ titrimetric method (APHA 1975) and is expressed 

(APHA 1976) and is expressed as mg/L Caco3 . 

Data Analysis 

Total discharge at each station and discharge throu~1 the sample nets 

\vere determined. The instantaneous rate of discharge through the nets 

v 
__ q_(Q)_ - 2 Lf K 

K (1-c ) 
was calculated using the equJtion: 

where V the instantaneous rate of dischaq",e t:hroui',h the nets, 



Q(O) = discharge at time zero, 

Q(24) = discharge 24 hours after time zero 

Qi2~1 
K ln Q(O) 

-2Lf 

These ·data \vere used in conjunction with the drift data to estimate the 

total drift at each sampling station. For comparative purposes, total 

drift at each sampling station is expressed as drift/1000 m3 of total 

discharge. 

Correlations, standard deviations and means were determined 

using standard statisiical procedures (Roberts 1974). 
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RESULTS 

Hater Chemistry 

Ammonia concentrations fluctuated throughout the sampling period. 

The greatest concentration (0. 63 mg .Nt13-N/L) ,,,as recorded on Narch 5, 

1977 at station 3 (Table 1). High ammonia concentrations on Harch 5, 

1977 coincided with high discharges (Fig. 5). The lowest concentration 

(0.025 mg NH3-N/L) \vas recorded during four sample periods (October 28, 

1976; November 18, 1976; December 9, 1976; and February 2, 1977). 

18 

Usually, a~nonia levels were highest at station 3 and lowest at station 1. 

Nitrite concentrations were consistently lowest at station 1. The 

maximum concentration (0.014 mg N0 2-N/L) was recorded on February 24, 1977 

and Narch 5, 1977; this coincides \vith periods of high discharge (Table l, 

Fig. 5). Seasonal variations in nitrite concentrations were not observed. 

The maximum nitrate concentration (1. 720 mg N0 3-N/L) occurred 

on January 6, 1977 (Table 1). Nitrate concentrations fluctuated 

considerably, however, they were lowest at station 1. Concentrations at 

station 3 were similar to those at station 2. In general, nitrate 

concentration:; \vere highest during winter (late November through February) 

and lowest during spring (late March throug~ April). 

concentrations were below 2.9 mg P04-P/L (Tqble 1). High phosphate 

concentrations on February 24 and Ha:rcb 5, 1977 coincided v:ith high 

discharges (Fig. 5). Phosphate concentrations were lowest at station 1. 

Seasonal variations in phosphate levels were not observed. 

The pH fluctuated throughout the sampling period. The mean pH 

value \vas 8.28 (Table 1). Stc1tion 1 consistcntJy hod the highest 
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Table 1. Means and ranges of dissolved inorganic nutrient concentrations 
in Smith Valley Creek, Wisconsin, 1967-1977. 

Nutrient Station 1 Station 2 Station 3 

~-

NHrN 0.090a" 0.162ab 0.218b 
(rng/L) 0.025-0.375 0.025-0.500 0.025-0.625 

NOrN 0.004 0.007a O.OOSa 
(rng/L) 0.002-0.014 0.004-0.013 0.006-0.014 

NOrN 0.345 0.935a 1. 045a 
(mg/L) 0.100-0.730 0.370-1.700 0. 320-1.720 

P04-P 0. 166a 0.270a 0.289a 
(mg/L) 0.025-1.000 0.125-1.200 0.025-1.150 

pH 8.45 8.18a 8.2la 
7.95-8.80 7.82-8.52 7.87-8.55 

Hardness 253.4 282.0a 278.5a 
(mg/I") 228.2-270.0 250.6-294.5 240.0-294.2 

Alkalinity 248.4 278.1a 278.5a 
(mg/L) 213.0-262.0 244.1-301.0 239.1-292.2 

* Any values in the same horizontal row followed by the same letter 
are not significantly different from each other when treated by 

. the t-test. 
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pH values ranging from 7.95 to 8.80. The pH's at station 2 were similar 

to those at station 3. 

Hardness and alkalinity were stable (~ of 271 and 268, respectively) 

except for the low observed on February 25, 1977 (~ of 239 and 233, 

respectively) (Table 1). Station 1 consistently had the highest hardness 

and alkalinity values. Values of both variables were declining at 

the end of the study period. 

Concentrations of soluble inorganic nutrients at station 1 were 

sig~ificantly different (P < 0.05) than those at stations 2 and 3 

except for NH3-~ and P04-P at station 2 and P04-P at station 3 (Table 1). 

Nutrient concentrations at stations 2 and 3 were not significantly 

different (P > 0.05). 

Drift 

Frequency 5?1 Occurrenc_~ 

. Drift samples shm..red considerable variation. Two taxa, Hydrop~s:_he 

sp. and Gammarus limniJelJ._·'';., were collected with regularity (Table 2). 

The most freqi ently encountered taxon, Gammarus Jir.maeus, appeared in 

92% of the samples, and members of the Dytic;cidae and Hydropsyche sp. 

were collecteG in 64% and 85% of the samples, respectively. Table 2 

indicates th:::tt representatives of rewc:dning t2.xa 'dcre present in less 

than 40% of the samples (Table 2). 

Four of the nine most abundant taxa we~e collected most frequently 

at station 2. _g.-:mm.!_a_r_~~- liu2_~~-1,!.§_ \vas encountered more frequently at 

station 2 (93%) than at stations l (14%) and 3 (78%) (Table 2). The 

most frequently encountered organism at sUldon 1 \vas !l":sl__£_opsy_~l.~ sp. (78%). 

Nembers of thE Chironomidae were collected on]y at station 1 (Table 2). 

The frt'qupncics of occurrence at stations 2 and 3 HCH' significantly 



Table 2. Frequency of occurrence (%) of the major invertebrate taxa 
collected in drift samples at Smith Valley Creek, Wisconsin, 
1976-1977. All percentages based on 14 sample periods. 

-

Taxon Station 1 Station 2 Station 3 Stream 
Totals 

Baetis 
";~ 14.3 14.3 14.3 sp. 

Hemiptera 21.4 7.1 14.3 28.6 

Hydr__QEsyche sp. 78.6 50.0 21.4 85.7 

Dytiscidae 14.3 L,2. 8 28.5 64.3 

Gyrinidae 14.3 7. 1 14.3 

Hydrophilidae 14.3 21.4 7. 1 35.7 

Chironomidae 28.6 28.6 

Atherix sp. 7. 1 14.3 7. 1 14.3 

Gammaru2 14.3 92.8 78.6 92.8 
limnaeus -----

* a hyphen c-) denotes the taxon \vas not collected 
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correlated (r = 0.93, P < 0.01) (App. 1). 

_g_ompc~_::>i t ion of .P..I if_! 

A total of 50 taxa were collected in drift samples (Table 3). 

The relative densities and relative biomasses of the drift organisms 

22 

in Smith Valley Creek are presented in Table 4. The drift was comprised 

of five orders of the Insecta and one member of the Amphipoda (Gammarus 

limnaeus). The Trichoptera, consisting mostly of ~~che sp., 

were the most abundant members of the Insecta, accounting for 23% of 

The total number of drift organisms and 13% of the total biomass if one 

large Belostoma sp. (Hemiptera) is deleted. 

Of the most frequently collected organisms, members of the Diptera 

represented 8% of the total number of drift organisms and 12% of the 

biomass. Members of the Chironomidae were the most abundant dipterans. 

The eight genera of the Chironomidae collected were combined for statistical 

treatment. Representatives of three families of the Coleoptera were 

collected. Hembers of the Dytiscidae were '~he most abundant and represented 

5% of the total organisms. The most abunda,lt taxon (50% of total number 

of drift organisms and 40% of the total biomass) \,ras Garmnarus _linmaeu_~· 

HY.SLx:_~.Psyche sp. No other taxon approached ·:hese rates of drift (Table 5). 

With the exception of the December 27, 1976 sampling period, 

the highest drift rates occurred during Decemher 1976 and January 1977 

(Fig. 3). The lowest drift rates occurred ~uring the October 14, 1976; 

October 21, 1976; rebruary 24, 1977; and N<n~ch 8, 1977 sampling· periods. 

Drift ralc data for all stations are noted in Table 5. On a 

numerical basis, the l1ighest and lowest rates occurred at stations 2 



Table 3. Taxa collected in drift and benthic samples at Smith Valley 
Creek, Wisconsin, 1976-1977. 

Taxon 

Class Amphipoda 
Gammarus limnaeus 

Class Insecta 
Order Odonata 

Family Corduliidae 
Samatocholora sp. 

Order Hemiptera 
Family Gerridae 

Gerris sp. 
Family Corixidae 

Ramphocorixa sp. 
Family Belostomatidae 

Belostoma sp. 
Family Notonectidae 

Notonecta sp. 
Order Megaloptera 

Family Sialidae 
. Sialis sp. 

Order Trichoptera 
Family Hydropsychidae 

Hydrop_§Jclle sp. 
Cheum~!_<' psv_che sp. 

Family Phryganeidae 
.:ftilostnmis sp. 

Family Lel'toceridae 
Oecetus sp. 
~!:_~ce'~"- sp. 

Family Br~chycentridae 
Bractl.Y_C:!'_~tn!:_'::_ sp. 

Order Coleoptera 
Family Dytiscidae 
~_?h~~ Ep. 
_!1_ygrotm;_ sp. 
c~-E~}-~-~~, ::;_ s p . 
~'1c~_o_philus sp. 
I ly__!~~U_f>_ s p . 

Family Gyrinidae 
Gyrinus sp. 
Dincutuf sp. 

Drift 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
X 

X 
X 

X 
X 

Benthos 

X 

X 

X 

X 

X 
X 

X 
X 
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Table 3 Cont. 

Taxon 

Order Coleoptera cont. 
Family Hydrophilidae 

He 1 o 2.b2_!:_~~ s p • 
Hydrochara sp. 
Helocombus sp. 
Tropistc>rn_l:l_:~ sp. 
Laccobius sp. 
_!-])'drobius sp. 
Enochrus sp. 
Hydrochus sp. 

Family Halpidae 
Peltodytes sp. 

Family Dryopidae 
Helichus sp. 

Family Elmidae 
_Q_E!_ioser':'_l:l.s sp. 

Family Chrysomelidae 
Donacia sp. 

Order Diptera 
Family Tipulidae 

Tipula sp. 
Antocha sp. 

Family Simuliidae 
Family }fuse idae 
Family Chironornidae 

Pro cla9_,-i _us s p. 
Het~r~!i?so_c_:lad:i:ys sp. 
Cardiocladj.us_ sp. 
Netrior~:l_TluS sp. 
_!)i~'!._E::_sa sp. 
_g_!:_icotup_u~ sp. 
Prodi_~mr·,.;_Cl_ sp. 
~!:_:illa ~p. 

Family Stratiomyidae 
Str~_t:_iO_l1.2.§ sp. 
E t~p_c··~.E.D2!: ~-=~ s p . 

Family Ta l:;-:mid<le 
Taba_r_1_1:_1_§ sp. 

Family ill1agionidae 
_b._t_herjx sp. 
Y::~i~.&~S.'?: sp. 

Drift 

X 

X 
X 
X 
X 

X 
X 

X 

X 

X 

X 

X 
X 
X 

X 
X 
X 

X 

X 

X 
X 

X 

X 

Benthos 

X 

X 

X 
X 
X 

X 
X 
X 

X 

X 

X 

X 

X 

X 

X 

X 
X 
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Table 4. Relative density (% of total density) and relative biomass (% of total biomass) of taxa 
collected in drift samples at Smith Valley Creek, Wisconsin, 1976-1977. 

Taxon Relative Density Relative Biomass 
Station StD:t:ion Station Stream Station Station Station 

l 2 3 Totals 1 2 3 

Ephemeroptera 
J?aetis sp. - i'( 5. 1 6.3 3.7 - 7.2 1.6 

Hemiptera 1.0 0. Lf 2.4 0.9 0.9 0.1 20.3 

Trichoptera 
J-lvdropsyche sp. 54.3 9.7 5. L} 32.1 56.5 6.3 7.8 

Coleoptera 
Dytiscidae 1.5 6.4 5.6 5.6 1.3 7.2 1.5 
Gyrinidae 1.2 - 1.5 0.2 2.4 - 0.4 
Hydrophilidae 2 ~ • I 1.4 1.1 1.7 17.7 1.8 0.3 

Diptera 
Chironomidae 26.5 - - 7.8 6.8 - -
Atherix sp. 0.2 0.3 3. 1 0.7 0.3 0.3 0.6 

Amphipoda 
Gammarus limnaeus 10. 1 73.4 70.4 50.4 11.4 69.4 64 .l 

;'c a hyphen (-) indicates the taxon was not collected 

Stream 
Totals 

4. l 

6. l 

20.2 

4.3 
1.4 
4.8 

1.5 
0.3 

56.1 

N 
\./1 



Figure 3. Total invertebrate drift rates, density and biomass, at 
Smith Valley Creek, Wisconsin, 1976-1977. 
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Table 5. Density (organisms/1 000 ~~3 of total discharge) and biomass (grams/1000 m3 of total discharge) (means and standard deviations) 
of the most commonly collectec: c~rifting invertebrates at stations 1, 2, and 3, in Smith Valley Creek, Wisconsin, 1976-1977. 

Coleoptera Coleoptera Diptera Gammarus 
Location Baetis sp. Bxdc,::Josvche sp. Dytiscidae Hydrophilidae Chironomidae Atheri~ sp. limnaeus Totals 

xa sb X s x s x s x s x s x s x s 

Density 

Totals 0.32 o. 90 2.00 1.91 o. 49 0. 75 0.15 0.31 0.63 0.17 0.06 0.19 4.35 3.58 8.63 6.64 

Station 1 -c - 1. 39 1.49 0.04 0.13 0.07 0.25 0.68 1. 67 0.01 0.02 0.26 0.68 2.55 2.30 

Station 2 0.23 0.62 o. 1,3 0.67 0.28 0.54 0.06 0.14 - - 0.01 0.03 3.24 2.78 4.41 3.98 

Station 3 0.09 0.28 0.03 0.19 0.08 0.16 0.02 0.06 - - 0.04 0.16 1. 01 0. 97 1.44 1.14 

Bionass 

Totals .009 . 031 .. 0~0 .038 .009 • 024 .011 . 032 . 003 .011 . 001 .002 .120 .110 .293 .305 

Station 1 - - .021 . 023 . 001 ,002 .008 . 028 .003 .011 .000 .000 .005 .013 .049 • 081 

Station 2 .008 . 028 . 007 .Oll .008 .022 .002 .005 - - .000 .ooo .007 • 081 .111 .123 

Station 3 . 001 .003 . 005 . 018 .001 .022 .000 .000 - - .000 .ooo • 041 .004 .064 .055 

ax = mean 
bs = standard deviation 
c = indicates the taxon was not ccllected 

N 
co 



and 3, respectively. The most abundant drift organism at stations 2 

and 3 was Gamm~_ys _l.im_naeu~ (Table 5). At station 1, the highest 

drift rates were those of fud~_~che sp. On the basis of biomass, 

the highest drift rates in this study occurred at station 2. At 

stations 2 and 3, the highest drift rates (biomass) were those of 

Gamm3rus linmaeus and at station 1 the highest drift rates were those 

of Jlydropsyche sp. 

Total drift rates at station 1 were not significantly different 

(P > 0.05) than those at stations 2 and 3 (App. II). At station 2, 

the drift rates on a numerical basis were significantly different 

(P < 0.05) than those at station 3. On the basis of biomass, the 

drift rates at station 2 were not significantly different (P > 0.05) 

than those at station 3. 

Seasonal Effects 

Light 

29 

Drift rates of !lxdro~_s-llr::_ sp. and total drift rates were correlaced 

with length of darkness (r = 0.80, P < 0.01 and r = 0.57, P < 0.05), 

respectively). Other taxa (G§_mma"!:_us limna_~us, Chironomidae, Dytiscidae, 

Hydrophilidae, Hemiptera) were not significantly correlated with day 

length. 

Tcmp~':"at~c 

Late afternoon air temperatures during this study ranged from 

-9 Con January 6, 1977 to 22 Con April 25, 1977 (Fig. 4). Drift 

rates of JlYQT~2Y~-l~_ sp. and total drift rates \vere negatively 

correlated witl1 air temperature (r = -9.64, P < 0.01 and r = -0.69, 

R < 0.01, respectively) and water temperature (r = -0.59, P < 0.05 



Figure 4. Hean air and water temperatures recorded at sampling stat 

1, 2, and 3, at Smith Valley Creek, Wisconsin, 1976-1977. 
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and r = -0.56, P < 0.05, respectively) at station 1. At station 2, 

drift rates of Gammarus limnaeus and total drift rates were correlated 

negatively with air temperature (r = -0.58, P < 0.05 and r= -0.54, 

P < 0.05, respectively). 

Total discharges fluctuated between 0.15 m/sec. and 0.64 m/sec. 

(Fig. 5). The increased discharge on March 5, 1977 was primarily due 

to snow melt and was less pronounced at station 1 than at stations 

2 and 3. Drift rates of Hydropsyche sp. and the total drift rates 

at station 1 were correlated negatively with the discharge at station 

1 (r = -0.66, P < 0.01 and r -0.71, P < 0.01, respectively). No 

other significant correlations concerning discharge and drift rates 

were found. 

Diurnal Drift 

Samples 1:Jere collected on November 14, 1976 and May 14, 1977 at 

two-hour intervals to determine whether diel periodicity occurred with 

drift patterns, Data for station 1 were excluded from these analyses 

due to the 1mv number of organisms sampled and the subsequent absence 

of diurnal Jrift patterns. The total drift and the drift of Gammarus 

period at slation 2 on November 14, 1976 (Fig. 6). A smaller, but 

distinct increase occurred a: 0200 hours. The drift of members of 

the Dytiscidae and !!.Y!l~-~~_y_ch~ sp. incrensecl during crPpuscular 

periods at ~;tntion 2 on November 14, 1976 (fig. 7). The total drift 

at stCJtion 2 on Hay 14, 1977 (Fig. 6) .. The dipterans ~t~p~1_ry_pJI_l!_:cS. sp. 



Figure 5. Total discharges (m3/sec) at stations 1, 2, and 3, in 
Valley Creek, Wisconsin, 1976-1977. 
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Figure 6. Total drift and the drift of Q,<~_I:r~l!larus limnaeus on Nay 14, 
and November 14, 1976 at station 2 in Smith Valley Creek, 
Wisconsin. 
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Figure 7. The total drift of .!!_vdropsvche sp. and members of the Dy 
at station 2 on May 14, 1977, in Smith Valley Creek, Wise 
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and Stratiomys sp. seemed to drift more during daylight hours (Fig. 8); 

however, the sample size \vas small. Drift of Gammarus limnaeus and the 

total drift at station 3 on November 14, 1976 exhibited a large evening 

crepuscular increase and a smaller morning crepuscular increase 

(Fig. 9). Air and water temperatures \-Jere not significantly correlated 

with drift patterns on November 14, 1976 or Hay 14, 1977 (App. V). 

Benthic Fauna 

Frequency of Occurrence 

Each benthic sample contained Hydropsyche sp. (Table 6). All 

samples at stations 2 and 3 and 40% of the samples at station 1 

contained Gammarus limnaeus. Hembers of the Chironomidae \-Jere collected 

at each sampling station but not during each sampling period (Table 6). 

Con]2osition .:2f Benthic Fauna 

Five orders of the Class Insecta and one member of the Amphipoda 

(Q_ammarus limnaeus) comprised the 16 most commonly collected taxa 

(Table 7). Tl1e most abundant taxa \vere _!i_ydropsys:_h~ sp. and Gan_~ancs 

limna~~~' \Vhich represented 80% and 63% of the total biomass. No 

other taxon comprised more than 6% of the total standing crop (density 

or biomass). The invertebrate density at station 1 \vas significantly 

different (P < 0.05) than decsities at stations 2 and 3, and th~ bionDss 

at station l 'ms not significantly different (P > 0.05) than those at 

stations 2 :mel 3. The standing crop (density and biomass) at station 

2 was not significantly different than at station 3. The standing 

crop (density .cmd biomass) of _0al!:E_lar~~':'. limn~eu_::?_ was not significantly 

different (P ~ 0.05) between stations 1, 2, and 3. 

The invertebrate drift .:mel benthic fauna h<1cl fjve taxa in commoi.l. 



Figure 8. 
The drift of Euparyphus sp. and Stratiomys sp. at station 2 
on Nay 14, 1977, i~th ValJey Cre~sconsin. 
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Figure 9. Total drift at station 3 on ~fay 14, 1977, and total drift and 

drift of G~~s }jm~~ at station 3 on October 14, 1976 
at Smith Valley Creek, Wisconsin. 
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Table 6. Frequencies of occurrence (%) of the invertebrate taxa collected 
in benthic samples at Smith Valley Creek, Wisconsin, 1976-1977. 
All percentages based on 5 sampling periods. 

Taxon Station 1 Station 2 Station 3 Stream Totals 

Baetis sp. 20 20 40 40 

Hemiptera 
Belostoma 20 * 20 ------ sp. 

Trichoptera 
Hydropsyche sp. 100 100 100 100 

Trichoptera 
Leptocerus sp. 20 60 60 

Trichoptera 
Oecetis sp. 20 20 20 

Trichoptera 
Cheuma t~he sp. 20 20 

Coleoptera 
_9ptios~rvus sp. 20 40 40 

Diptera 
Antocha ----- sp. 20 80 100 

Diptera 
Simuliidae 20 20 40 

Chironomidae 40 20 60 80 

StraUomys sp. 20 20 

Tabanu:-; ---·- --~----- sp. 60 20 40 so 

Atherix sp. 40 60 60 -----

Nuscidae !f0 60 60 

Amphipoda 
Gammarus limnaeus 40 100 100 100 
----~--- ---------

* a hyphen (-) denotes the taxon was not collected 



Table 7. Standing crop (density and biomass) of the invertebrate taxa 
collected in benthic samples at Smith Valley Creek, Wisconsin, 
1976-1977. 
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Taxon 
Relative Density (%) 

Station Station Station Stream 
Relative Biomass (%) 

Station Station Station Stream 
1 2 3 Totals 

Baeti2 sp .. 

Hemiptera 
Belostoma sp. 

Trichoptera 
Hydrop§_ych~ sp. 

Leptocerus sp. 

Oecetis sp. 

Coleoptera 
Optioser~us sp. 

Diptera 
Tipula sp. 

Diptera 
Antocha sp. 

Simuliidae 

Chironomidae 

sp. 

Atherix sp. 

Huscidae 

Amphipoda 

0.7 

0.7 

55.8 

0.7 

0.7 

10.8 

3.5 

Gammarus limn~eus 26.4 

0.4 6.7 2.7 

0.1 

50.9 45.0 48.4 

0.5 7.2 2.9 

0.4 0.9 0.5 

0.1 

0.4 1.2 0.6 

0.5 0.4 

0.2 10.8 4. 1 

1.1 0.6 

1.1 9.8 5.4 

0.2 0.1 

0.4 0.5 0.8 

1.2 1.4 1.1 

0.3 0.7 0.4 

lt2. 4 16. 1 31.9 

1 2 3 Totals 

0.0 0.0 0. 1 0.0 

2.7 0. 1 

12.7 50.8 55.5 39.5 

7.4 9.2 5.9 

0.7 8.3 2.4 

0.0 0.0 

0.0 0.0 0.0 

3. 1 2.0 1.3 

0.0 0.3 0.7 

0.0 0.0 0.0 

0.0 0.0 0.0 0.0 

0. l 0.0 

60.7 10.2 6.3 22.6 

2.8 2.0 1.7 

0.2 0.4 0.2 

18.6 28.6 17.5 23.0 

;~ a hyphen (-) denotes tlwt the t:1xon >v<lS n<;Jt collected 
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Several significant correlations were found by comparing the frequencies 

of occurrence of these five taxa. The drift at stations l and 2 correlated 

with the benthic fauna at stations l and 2 (r = 0.94, P < 0.01; r = 0.90, 

P < 0.05, respectively), and total drift correlates with total benthic 

fauna (r = 0.88, P < 0.05) (App. IV). 

Moreover, with the exception of three families of the Coleoptera 

(Dytiscidae, Gyrinidae, and Hydrophilidae), all taxa found in drift 

samples were also found in benthic samples (Table 3). 
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DISCUSSION 

Roback (1974) charactarizes an undamaged stream as one which: 

supports a diverse fauna and flora; has all tropl1ic levels proportionally 

represented; and has no obvious population imbalance. This definition 

alludes to the effects of human activity on streams. Potentially 

damaging factors to the biota of streams are frequently cumulative and 

can occur without being noticed. Agricultural sources of this type include 

the use of biocides, clearing of stream banks, substitution of native 

vegetation for agricultural crops, sheet erotion, return of irrigation 

water, use of fertilizers, and feedlot and pasture runoff. In a comparison 

of 13 undamaged stations to 10 damaged stations, Roback (1974) found 

that insects and fish were affected more severely than Protozoa and other 

invertebrates. Hembcrs of the lnsec ta represet1ted a lmver percentage of 

the total fauna in damaged streams than in undamaged streams. Also, the 

species composition and relative abundances of taxa within the Insecta 

were altered. 

The benthic invertebrate fauna in Smith Valley Creek appears to be 

negatively impacted by human activity. Low benthic populations could 

be the result of such factors as increased siltation (Sprules 1941, 

Hy~es 1970), incr2ased dissolved inorganic rtutrients (Roback 1974), 

physical distrurbances of the sediment, pesticide runoff (Diamond 1967), 

and the flushing of a chlsrinatcd swimming pool. 

Several conditions in Smith Valley have apparently resulted in 

the addition of silt to Smith Valley Creek. Tl1cse conditions include 

cleared slopes for row-crop agriculture, c]enrcd and l1cavily grazed 

bottomland adjacent to the stream, destruction of stream banks, and 

disturlMnce of the stream bottom by cnttlc. Current velocities at 
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stations 1 and 2 were sufficient in riffle areas to keep silt from 

settling on the gravel substrate. The interstitial spaces of the substrate 

appeared to contain significant amounts of silt. In the lower stream 

reach (station 3), two to five em of fine silt covered the gravel 

substrate. The presence of silt on stony substrates has been shown to 

change the fauna (Hynes 1970). When spaces between rocks are filled, 

suffocation of invertebrates can result. Sprules (1941) found that 

deposition of sandy silt reduced the total number of insects especially 

members of the Plecoptera, Ephemeroptera and Trichoptera. 

According to criteria established by Hem (1970), Smith Valley 

Creek has very hard, well-buffered v7ater. Runoff from agricultural 

fields, septic sewage systems, grazing cattle, and a small feedlot probably 

add to the dissolved inorganic nutrient levels of Smith Valley Creek. 

In general, inorganic nutrient concentrations increased between stations 

2 and 3 (Table 1). Between stations land 2 Smith Valley Creek drains 

agricultural cropland, a small feedlot, and areas cofitaining private 

residences with septic sewage systems. The stream reach between stations 

2 and 3 drains mostly pasture land. Nutrient loading has been shmvn to 

occur under similar conditions (Edwards eta]. 1972, Loehr 1974, Wanialista 

et al. 1977). Durio~ the period of h 

of NII
3

-N, N0 2-N, N03-N, and Po
4

-P increased and hardness and alkalinity 

values decreased. These dato are in agreement \vith that of sever<tl 

investigators (Wanielista et al. 1977, Muir et al. 1973). The highest 

nitrate concentrations coincided with periods of lowest water temperature 

(11-26-7(> through 3-5-77). Low tempera turPs could lwve limited primary 

production and thus reduced tl1e uptake of nitrate. Similarly, Hynes (1970) 

1·eportccl tlwt nitrate' concentrations can incrc:1sc during the winter \vhen 



49 

primary production is reduced. 

Roback (1974) gives ranges of chemical parameters of waters from 

which species of aquatic insects were collected. Values for pH, 

alkalinity, N0 3-N, and Po4-P in Smith Valley Creek approached or exceeded 

the upper limits of these ranges for many species of the Plecoptera, 

Hemiptera, and Ephemeroptera. Hilsenhoff (1975) stated that low levels 

of pollution from pasturing cattle are probably responsible for an 

absence of members of the Plecoptera from most streams in \Visconsin 

agricultural areas. 

Several events potentially catastrophic to aquatic organisms 

occurred in the Smith Valley Creek drainage basin. On May 14, 1977, the 

contents of the campground swimming pool were emptied into Smith Valley 

Creek. The volume '.vas sufficient to turn the upper portion of the 

stream milky \vhite. In addition, small amounts of chlorine may enter 

the stream during the summer in the swimming pool effluent. Catastrophic 

events such as these can limit the distribution of less tolerant spPcies. 

The highest drift rates in Smith Valley Creek were those of 

Gan®arus limnaeus at stations 2 and 3. Each benthic sample at stations 

2 and 3, and Lf0% of the benthic samples at -:>tation 1 contained Gamf!!.arus 

common benthic invertebrates and were found frequently in drift 

~amples (Waters 1969, Embody 1911, Iverson and Jesson 1977, Hughes 1970, 

Muller 1963). 

In hentld c samples, .!:!.Y_dro~yche sp. was the most abundant and the 

most frequently encountered taxon (Table 6, Table 7). Drift samples 

frequently cOPtainecl _!:!y~l_r:..c:J?_~E_b_~ sp. at station (79% of the samples) 

and station 2 (SO/:. of the se1mples) (Tab] e 7,). Conversely, many 

investigators cite members of the Trichoptera as a minor or intermediate 



component of drift (Anderson 1967). Peterka (1969) and Haters (1961) 

commonly found 1~ydro_ysyche sp. in benthic samples; however, Waters 

( 1961) reported l!_y_sl_l:~_§)l~he sp. to be strongly sedentary and found few 

of them in drift samples. Peterka (1969) apparently did not find 

Hydropsyche sp. in drift samples. 

Although present at each station in benthic samples, members of 

the Chironomidae were found in drift samples only at station 1. No 

explanation for this occurrence has been found. 

The three most conMon families of the Coleoptera in drift samples 

(Dytiscidae, Gyrinidae, Hydrophilidae) were not collected in benthic 

samples. Pennak (1953) states that these 3 families are inhabitants 
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of quiet water. Because all benthic samples were taken from riffle 

areas, members of these families would not be expected to be encountered 

Concentrations of soluble inorganic nutrients at station 1 were 

significantly different than those at stations 2 and 3 except for NH3-N 

and P04-P at ~tation 2 and Po4-P at station 3. Drift rates at station 1 

w'ere not sign:i ficantly different than drift rates at stations 2 and 3. No 

major relationships \vere observed bet\veen soluble inorg<:mic nutrient 

concentration.; and drift rates. Minor relationships, if they exist, 

·Here mas1u~~d by effect~~ of other factors. 

Drift rates of _!_J_,y_~!_!:_()_p_~.Y_c_!'_~~ sp. \vere correlated positively '.vith 

length of darkness (P < 0.05) and negatively with air and water temperature 

(P < 0.01 and P < 0.05, respectively). Seasonal drift rates of 

_Ily_d_l~ps_y_c~}2_e sp. appe;:n to be inversely rela tccl to day lc~ngth and (or) 

water temperature (Fig.3, Fig. 10). Similarly, Iverson and Jessen (1977) 

found the highest drift of G~nm_<:l]~~ pul_~.:''; in samples taken in October 



Figure 10. Total drift rates of f_ammarus _-l_i~~~us and Hydropsyche 
at Smith Valley Creek, Wisconsin, 1976-1977. 
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1972 through February 1973, whereas drift rates in Harch through Nay 

1973 were consistently lower. 

Catastrophic drift was not observed in this study. High discharges 

(Fig. 5), one cause of catastrophic drift, coincided with very low 

drift rates (Fig. 3). Drift rates of flydrop~yche sp. and total drift 

rates at station 1 were correlated negatively with discharge at station 1 

(App. VI). Nembers of the Chironomidae drifted most abundantly during 

periods of lower discharge. Conversely, Anderson and Lehmkuhl (1968) 

reported that drift rates increased within 24 hours of rainy periods. 

This increase \vas approximately proportional to the increase in discharge. 

They also observed that drift rates of members of the Chironomidae 

increased fivefold during short periods of high discharge. 

Diurnal periodicities in the drift of benthic invertebrates are 

well· documented (Tanaka 1960, Nuller 1963, 1\faters 1962, 1968, 1969, 

Elliott 1969, Peterka 1969, Cloud and Stewart 1974). On November 

14, 1976, Ga~Il_arus limnaeus exhibited large evening crepuscular period 

and smaller m~rning crepuscular period increases in drift at stations 

2 and 3 (Fig. 6, Fig. 9). Drift of Gammarus limnaeus at station 2 had 

a signific;:mt second incrb3S2 at 21'f00 tours. These approximated the 

bigeminus patLern of drift. In accordance, Waters (1962), Peterka (1969) 

and Huller (1963) reported that Gamma~1s sp. hnd high drift rates during 

the evening c1epuscular period. Usually, a smaller increase in drift 

rates occurred shortly before and during the morning crepuscular period. 

Drift rates, in these studies, were lower during tlte day. Drift patterns 

for _0a~.L~~-tl~- l_:h_~l_.::l_(,'_Ll__S_ on Jvlay 14, 1977, \ven~ si gnif i can tly different than 

those on Novcnber 14, 1976 (Fig. 6). Drift rates were highest at 1200 
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and 1600 hours; whereas, crepuscular and night drift rates were almost 

undetectable. A depression in drift rates due to moonlight was unlikely 

because May 14, 1977 was two days before a new moon. No explanation for 

this pattern of drift has been found. 

lhe drift of Hydropsyche sp. at station 2 on October 14, 1976 

displayed a definite phototaxis (Fig. 7). Drift increased significantly 

during the evening crepuscular period, was sharply reduced at dark, 

and remained low all night. Similarly, Cloud and Stewart (1974) reported 

that during June and August 1972, the highest drift rates for Hydropsyche 

simulans were an hour.after sunset. During October 1976, Reisen and Prins 

(1972) found the diel drift peak for Hydropsyche sp. to be between 0930 

and 1330. Hembers of the Dytiscidae at Smith Valley Creek showed a distinct 

phototaxis (Fig. 7). Drift increased during evening and morning crepuscular 

periods and Has low during periods of full daylight and darkness. 

The drift rates of Euparyphus sp. and -~tra.:t.Jomys sp. \vere highest 

during daylight hours (Fig. 8). The stimulJs for reduced drift at night 

was not determined. 
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CONCLUSIONS 

1. Differences in soluble inorganic nutrient concentrations among 

stations were probably a result of the addition of nutrients 

from human activity in the drainage basin. 

2. The benthic invertebrate fauna at Smith Valley Creek appears 

to be negatively irnpacted by human activity. 

3. The highest drift rates in Smith Valley Creek were those of 

Gammarus limnaeus. 

4. The most abundant benthic taxon in Smith Valley Creek was 

Hydropsyche sp. 

5. No major relationship was observed bet>veen soluble inorganic 

nutrient concentrations and drift rates. 

6. Seasonal variations in drift rates of Hydropsyche sp. and GaE~~ru~ 

limn~~~~ appear to be inversely related to day length and (or) 

water temperature. 

7. Catastrop~tic drift >Vas not observed in Smith Valley Creek. 

8. Members of the Dytiscidae, !!._~!~ch~ sp., and Gammarus lim~eus 

exhibited a negative phototaxis with respect to drift. 

9. A negativ2 photot<.'lctic response in _9amlli£1IYS _L~Tl2_~et:_§_ '.·:as not always 

observed. 

during daylight hours. 
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Appendix 1A. Nutrient concentrations at Station 1 on Smith Valley 
Creek, Wisconsin, 1976-1977. 

Date 

10-14-76 

10-21-76 

10-28-76 

11-18-76 

11-26-76 

12-9-76 

12-27-76 

1-6-77 

1-22-77 

2-2-77 

2-24-77 

3-5-77 

3-24-77 

4-6--77 

~~-6-·77 

NHrN 

(mg/L) 

0.050 

0.050 

0.075 

0.050 

0.150 

0.025 

0.050 

0.375 

0.050 

0.025 

0.075 

0. 175 

0.075 

0.075 

0.050 

N0 2-N NOrN 

(mg/L) (mg/L) 

0.004 0.130 

0.002 0.210 

0.002 0.400 

0.002 0.300 

0.002 0.275 

0.008 0.420 

0.004 0.300 

0.004 0.730 

0.005 0.420 

0.005 0.650 

0.014 0.580 

0.006 0.360 

0.004 0.160 

0.004 0.100 

0.003 0. 100 

pH Hardness Alkalinity 

(mg/L) (mg/L) 

0.075 7.95 250 251 

0.130 8.38 256 258 

0.100 8.26 252 254 

0. 125 8. 15 260 255 

0.060 8.35 260 245 

0.075 8.42 260 254 

0.075 8.78 270 262 

0.100 8.20 264 255 

0.075 8.55 250 252 

0.160 8.75 256 257 

1.000 8.50 228 218 

0.250 8.12 25h 241 

0.125 8. 77 262 255 

0.(,25 8.80 24ll 237 

0.075 3.50 2!.}0 ') r-..-, 
L. _i0 



Appendix lB. Nutrient concentrations at Station 2 on Smith Valley 
Creek, Wisconsin, 1976-1977. 

Date NHrN N0 2-N N0 3-N Po4-P pH Hardness 

(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

19-14..:.76 0.250 0.008 0.810 0.150 7.96 280 

10-21-76 0.100 0.005 0.800 0.180 8.25 280 

10-28-76 0.045 0.004 0.960 0.150 8.04 264 

11-18-76 0.025 0.005 0.860 0.140 8.08 280 

11-26-76 0.175 0.005 1.250 o. 135 8.05 292 

12-9-76 0. 125 0.006 1.200 0.160 8.22 286 

12-27-76 0. 125 0.006 1. 200 0.260 8.40 290 

1-6-77 0. 125 0.008 l. 700 0. 175 8. 15 288 

1-22-77 0.250 0.007 l. 500 0.150 8.39 280 

2-2-77 0.060 0.008 1.000 0.125 8.52 290 

2-2LI-77 0.095 0.013 l. 500 1. 200 8.20 250 

3-5-77 0.500 0.009 1. 040 0.600 7.82 274 

3-24-77 o. 175 0.006 0.670 0.175 8.45 296 

L1-6-7l 1). 125 0.006 0. L150 0.175 8. 15 294 

L:-2'.i-·77 0. 12.5 0.007 0.370 0 1')<: . ~. -.) 8.21 284 

------------ --------------
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Alkalinity 

(mg/L) 

284 

283 

275 

282 

286 

274 

288 

281 

286 

292 

24LI 

261 

301 

280 

259 

----



Appendix 1C. Nutrient concentrations at station 3 on Smith Valley 
Creek, Wisconsin, 1976-1977. 

Date NHrN NOz-N NOrN PO -P 4 pH Hardness 

(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

10-14-76 0.550 0.008 0.850 0.175 8.05 280 

10-21-76 0.175 0.008 0. 720 0.175 8.32 272 

10-28-76 0.025 0.006 0.900 0.025 8.09 254 

11-18-76 0. 150 0.006 0.780 0.150 8.08 280 

11-26-76 0.190 0.006 1. 200 0.150 8.08 290 

12-9-76 0.200 0.008 1.200 0.200 8.25 292 

12-27-76 0. 150 0.008 1.500 0.200 8.31 236 

1-6-77 0.150 0.008 1. 720 0. 17 5 7.95 290 

1-22-77 0.250 0.008 1.600 0.200 8.34 276 

2-2-77 0.050 0.007 0.950 0.200 8.56 290 

2-24-77 u. 150 0.014 1.350 1. 150 8.29 240 

3-5-77 U.625 0.014 1. 0Lf0 0.600 7.87 270 

3-24-77 0.225 0.007 0.680 0.253 8.55 290 

4-6-77 0.175 0.008 0.600 0.175 8.15 294 

4-?.)--"/7 (1.150 0.008 0 .. 320 o. 175 8.22 275 
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Alkalinity 

(mg/L) 

284 

280 

278 

287 

285 

282 

287 

281 

286 

292 

239 

264 

291 

280 

·"! -, r. 
.:.:., \_I 

-----~--- --------
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Appendix II. Correlation cJefficients (r) of the frequency of occurrences 
of the nine most abundant taxa collected in drift samples 
at Smith Valley Creek, Wisconsin, 1976-1977. 

Station 1 versus Station 2 r = 0.22 

Station 2 versus Station 3 r 0.93** 

Station l versus Station 3 r 0.01 

** indicates significance at 0.01 level. 



Appendix III. Values of t-tests of the total drift rates in Smith 
Valley Creek, Wisconsin, 1976-1977. 

Density t-test VaJue 

Station 1 versus Station 2 1. 31 '" 

Station 1 Versus Station 3 1.86* 

Station 2 versus Station 3 2.69 

Biomass t-test Value 

Station 1 versus Station 2 1. 72* 

Station 1 versus Station 3 0. 50>'< 

Station 2 versus Station 3 1. 39>'< 

* indicates P < 0.05 
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Appendix IV. Values of t-tests of the total benthic fauna and 
Ga~narti~ _!i_mnaeus in Smith Valley Creek, ihsconsin, 
1976-1977. 

Total Benthic Fauna 

Densitv t-test Value 

Station l versus Station 2 3.15* 

Station l versus Station 3 3.0F' 

Station 2 versus Station 3 1.05 

Biomass ----

Station l versus Station 2 1.05 

Station 1 versus Station 3 0.13 

Station 2 versus Station 3 1.44 

Gammarus limnaeus 

Density_ 

Station l versus Station 2 1. 67 

Station l verE:us Station 3 1. 43 

Station 2 versus Station 3 0.76 

Biomass ------

Station l versus Station 2 1. 05 

Station l versus Station 3 0.13 

Station 2 versus Station 3 1. Lf4 

* indicates P < 0.05 
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Appendix V. Correlation coefficients (r) of the frequencies of 
occurrence of the 5 taxa common to both the benthic and 

66 

drift samples taken at Smith Valley Creek, Wisconsin, 1976-1977. 

Drift at Station 1 versus Benthic samples at Station 1 r == 0. 94>'d< 

Drift at Station 2 versus Benthic samples at Station 2 r 

Drift at Station 3 versus Benthic samples at Station 3 r 

* indicates significance at 0.05 level. 
** incicates significance at 0.01 level. 



Appendix VI. Correlation coefficients (r) of the total drift and the 
drift r<Hes of !}xsl_!:S:J1l_~_:zr_c:_t~ sp. versus water temperature 
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and total discharge at station 1 and the total drift and 
the drift rates of Gan~~'lrus _ _!..:icnma~_?_ versus air temperature 
at station 2 in Smith Valley Creek, Wisconsin, 1976-1977. 

-------~-------

Variable Total Drift Gammarus limnaeus 

Station l 

Water temperature 

Total discharge 

Station 2 

Air temperature -0. 54•',;, -0. 58•'< 

* indicates significance at 0.05 level 

** indicates significance at 0.01 level 



Appendix VII. Air and water temperatures at station 1 (S-1), station 2 (S-2) and station 3 (S-3), on 
11-14-76 and 5-14-77, at Smith Valley Creek, Wisconsin, 1976-1977. 

Time Water Tempera~ure (C) 
of Day S-1 S-2 S-3 

10:00 2 4 3 

12:00 3 6 4 

14:00 3 6 5 

16:00 3 4 4 

18:00 2 2 2 

20:00 1 l l 

22:00 1 1 1 

24:00 1 1 0 

2:CO 1 1 0 

4:00 0 0 0 

6:00 l 2 l 

8:00 1 3 2 

11-14-76 
Air Temperature (C) 
S-1 S-2 S-3 

3 3 3 

2 2 4 

3 3 2 

-1 -3 -2 

-8 -8 -9 

-1 -1 -1 

-7 --7 -7. 

-5 -5 -5 

-10 -10 -10 

-4 -4 -4 

-2 -2 -2 

3 3 3 

5-14-77 
\;Tater Temperature (C) 

S-1 S-2 S-3 

17 18 17 

17 21 21 

17 22 23 

21 22 23 

21 21 22 

21 18 20 

19 15 16 

18 14 14 

17 14 14 

20 20 20 

16 13 13 

16 14 14 

Air Temperature (C) 
S-1 S-2 S-3 

24 29 25 

28 28 28 

30 29 31 

29 28 30 

22 27 29 

23 22 22 

19 19 19 

20 18 19 

21 20 20 

14 14 14 

19 19 17 

21 21 21 

0'> 
co 


