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Mayfly communities in Wilson Creek, Manitoba and Harp Lake Outflow, Ontario
were investigated in relation to frequency, intensity and predictability of flood
events. In Wilson Creek, the mayfly fauna was dominated by fast growing,
opportunistic species, and floods capable of disrupting the substrate occurred at
least every year. Mayflies in Harp Lake Outflow were slower growing, stable
species, and there the substrate materials showed little movement even in extreme
floods. Both streams showed low flow predictability, suggesting that flow-
predictability analysis was not as good an indicator of community structure as
frequency and intensity analysis. We suggest that floods do not function as
disturbance to macrobenthos unless bed materials are physically disrupted.

Introduction

Flooding may result in dramatic reductions in benthic populations in streams
(Gray and Fisher 1981; Sager 1986; Scrimgeour and Winterbourne 1989; Cobb et
al. 1992), so is often thought of as an agent of disturbance. Communities in habitats
that are frequently disturbed are expected to be dominated by fast-growing,
opportunistic species with rapid turnover and colonization rates, while those in
more stable habitats should support more stable, long-lived species that are better
competitors (Gray and Fisher 1981; Fisher et al. 1982; Scrimgeour and Winterbourn
1989; Cobb et al. 1991). Recently, several researchers have characterized stream
communities in terms of flood history (Stanford and Ward 1983; Irvine 1985;
McElravy et al. 1989; Rader and Ward 1989; Cobb 1990).

However, flood events may not always function as disturbance in the sense of
disrupting or altering community structure. Flooding may be highly predictable, for
example in spring and fall, allowing organisms to evolve avoidance or tolerance
mechanisms (Resh et al. 1988). Resh et al. (1988) suggested that insect community
structure in streams could be predicted by quantifying the variability of stream
flows, using the predictability analysis of Colwell (1974). But floods do not always
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disrupt stream fauna, particularly in highly stable streams (Allen 1959; Cowie
1980; Giberson and Hall 1988); in these cases flow predictability would not
provide a good indicator of community structure. The objectives of this study were
to characterize the mayfly community structure in two creeks that varied with
respect to hydrology and to see whether the community structure could be related
to hydrology, specifically flood frequency, intensity and predictability.

Materials and Methods

Study Sites

Wilson Creek is a fourth order stream with a drainage area of 22 km?, located
in west-central Manitoba, Canada (50°43°N, 99°33’W; Fig. 1). The stream rises on
the Manitoba Escarpment, a bench of Cretaceous shale overlain by glacial till
(Newbury 1983), and descends 400 m in 6.4 km. The study reach, located at the
boitom of the escarpment and 100 m upstream from a gauging station, had a slope
of 1 per cent and possessed a shale substrate.

The Harp Lake catchment drains an area of 5.2 km? in south-central Ontario,
Canada (45°23’N, 79°08’W; Fig. 1). The study site was located 500 m downstream
of a gauging station on the lake outlet. Substrate material consisted of large (>0.5 m
diameter) angular pieces of granite overlying bedrock, with large interstitial spaces
filled with gravel and sand, and the stream gradient was near 1 per cent (catchment
geology in Jeffries and Snyder 1983).

Mayfly Sampling

On Wilson Creek, mayflies were sampled using a modified Hess bottom
sampler (Waters and Knapp 1961) with a sampling area of 0.1 m? and a mesh size
of 400 pm. Samples were collected monthly as well as immediately following
spates from May to October 1986 and March to October 1987 (Cobb et al. 1991,
1992). Mayflies in Harp Outflow were sampled approximately monthly during the
winters and every two weeks during the summer from September 1984 to June
1986 with a 200 pum mesh kick net. Quantitative sampling, using artificial substrate
boxes placed in the stream prior to leaf fall and autumn rains (August 1985) and
collected into a 200 pum mesh net, was carried out in October and December 1985,
and then every two weeks between 11 March and 12 June 1986, as well as at 0, 1, 4,
8 and 24 d following the onset of the 1986 spring flood (Giberson and Hall 1988).
Samples from both studies were preserved in 10 per cent formalin in the field, then
the mayflies were sorted, identified to species where possible and then stored in 70
per cent ethanol.
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Figure 1. a. Wilson Creek, located in west-central Manitoba, Canada (50°43°N,
99°33°W), showing location of study site; b. Harp Lake outfllow, located
in south-central Ontario, Canada (45°23°N, 79°08’), showing location of
study site.

WILSON CREEK

o .51
KM

HARP OUTFLOW B\

KM

239



Current Directions in Research on Ephemeroptera

Mayfly Community Structure and Response to Floods

Community structure parameters considered were life cycle type and species
diversity. Life cycles of common species were determined by measuring body
length and plotting the length frequency distributions (Cobb et al. 1991; Giberson
and Mackay 1991). Life cycles for species that were not abundant enough for life
history analysis were derived from the literature (Clifford 1982), and the life
history classification was based on Clifford (1982): U, — univoltine summer (one
generation/yr, growth in summer); U — univoltine winter (one generation/yr,
growth in fall/winter/spring); M, — multivoltine (more than one generation/yr,
usually two-to-three); two yr — one generation every two yrs.

Diversity of mayflies was compared by evaluating both the total number of
species (species richness) and the relative proportions of species (species evenness).
Mayfly response to flooding was determined by comparing the mayfly densities
following flooding to those immediately prior to flooding (data from Cobb (1990)
and Giberson and Hall (1988)).

Hydrology (see appendix for calculation methods)

Flood Frequency (Return Periods) (Richards 1982)

Flood frequency analysis allows calculation of the return periods of recorded
flood events and estimation of events outside of the recorded range. The return
period of a flood equals the reciprocal of the probability of occurrence (e.g., a flood
magnitude with a two per cent probability of occurring has a return period of 50 yrs
and is referred to as a “50-yr flood”). Flood magnitude information was derived
from Water Survey of Canada published records for Wilson Creek (1965-1981)
and from the Ontario Ministry of the Environment (1977-1987, unpublished data)
for Harp Outflow. Flood frequency was calculated following the method in Richards
(1982; see appendix).

Flood Intensity (Richards 1982; Newbury 1984)

Substrate materials in a stream begin to move when the frictional force of the
water overcomes the forces keeping the materials in place (weight, size and shape
of particle). The frictional force on the bed is called the tractive force and depends
on the volume and weight of the water column and the slope of the stream bed.
Channel slope was determined using a surveyors level, and water depths were
measured and averaged across the streams at several flow levels. Particle size
distribution was determined in Wilson Creck by measuring substrate particles and
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plotting the cumulative frequency distributions (Cobb 1990). Substrate particle size
in Harp Outflow was not directly measured, but most of the substrate materials
were exposed bedrock or large angular granite measuring >1 m x 1 m x 20 cm, and
median particle size was estimated at >25 cm diameter. Tractive forces were
calculated following the method in Richards (1982) and Newbury (1984) (see
appendix), and particle size distributions were compared to critical tractive forces
to determine the proportion of bed materials in motion at different discharges.

Flood Predictability (Colwell 1974; Resh et al. 1988)

Flood data were cast into a frequency matrix (contingency table) where rows =
flood classes (based on flow magnitudes) and columns = months, and uncertainty
was calculated from the matrix following the method in Colwell (1974) and Resh et
al. (1988) (see appendix). The predictability (P) is the reciprocal of the uncertainty
and depends upon the Constancy (C) of the environment (e.g., from month to
month or year to year) and also the Contingency (M), whether the conditions vary
in the same way each year. Predictability values approaching 1.0 indicate a high
predictability (low uncertainty), while values near zero indicate low predictability.

Results
Hydrology

Flood Frequency Analysis

The relationships between the flood flow ratios and return periods of floods are
shown for both creeks in Fig. 2. The slope of the line for Wilson Creek is steeper
than for Harp Outflow, indicating that it is a “flashier” creek, with floods of
relatively higher magnitude than Harp Outflow. For example, the extrapolated 20-
yr flood in Wilson Creek was nearly three times the mean annual flood magnitude,
while it was less than twice the mean flood in Harp Outflow. At bankfull discharge
(the flood that occurs about two years out of every three and is considered to be
important in channel formation and sediment transport; Richards 1982), discharge
in Wilson Creek was 2700 L/s, compared to 640 L/s in Harp Outflow (Table 1).

Flood Intensity (Substrate Stability)

The tractive force at bankful discharge was 3.5 kg/m? in Wilson Creek and 4.5
kg/m? in Harp Outflow (Table 1). Based on the relationship between tractive force
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Figure 2. Flood frequency analysis for Wilson Creek, Manitoba and Harp Lake
Outflow, Ontario.
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Table 1. Discharge, tractive force and substrate stability relationships at bankfull
discharge in Wilson Creek and Harp Lake Outflow.

Wilson Creek Harp Outflow

Discharge (L/s) 2700 640
Tractive force (kg/m?) 35 4.5
Substrate particle size at incipient motion (cm) 7.0 4.59.0
Median substrate diam. (cm) 4.0 25
% bed materials in motion 75 5

and the size of particle at the point of incipient motion (Newbury 1984; sce
appendix), shale particles of <7 cm diameter should be in motion in Wilson Creek
at bankful, and particles of <4.5 - 9.0 cm (depending on shape) should be moving in
Harp Outflow. The median particle size in the study reach in Wilson Creek was 4
cm diameter; 75 per cent of the bed materials were <4 cm in diameter, so should
have been in motion during the bankful flood (Cobb 1990). In Harp Outflow, the
median particle size was estimated to be >25 cm; <5 per cent of bed materials
should have been moving at bankful discharge.

Extending these results to the frequency analysis (Fig. 2), it is clear that floods
capable of moving at least 50 per cent of bed materials occur at least every year in
Wilson Creek, and floods capable of displacing organisms (Table 2) probably
occur several times per year. In contrast, disruptive floods in Harp Outflow occur
infrequently, with return periods of probably >6.5 years.

Flood Predictability

Wilson Creek was less predictable than Harp Lake Outflow, but both creeks
showed low predictability (Table 3). The constancy portion of the predictability
relationship was very similar in both creeks, but Wilson Creek showed much lower
contingency (i.e., year-to-year differences were greater) than Harp Outflow.
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Table 2. Displacement of mayflies during flood events of varying magnitudes at
Wilson Creek and Harp Lake Outflow.

Location Flood Flow % of bed at % reduction in
(L/s) incipient motion  mayfly numbers
Wilson Creek 2700 75 100?
330 12 94
62 8 80
Harp Outflow 1170? 5 <1}
! bankfull discharge

2 1.8 times bankfull discharge
3 no significant change in mayfly density

Mayfly Community Structure

Ten mayfly species were found at the study station in Wilson Creek, but three
species dominated the fauna, making up > 3/4 of the total abundance (Table 4).
Seventeen species were found in Harp Outflow, with six species dominating (Table
5).

About two-thirds of both the mayfly species and the total mayfly abundance in
Wilson Creek were fast-growing, falling into the univoltine summer (U) or
multivoltine M) life cycle types (Table 4). Only one-third were relatively long-
lived, with univoltine winter cycles (U ); no two-year cycles were found. Conversely,
70 per cent of mayfly species and nearly 80 per cent of the mayfly individuals in
Harp Outflow were long-lived, with univoltine winter or two-year cycles (Table 5).

Developmental timing for each life history stage is shown in Tables 4 and 5,
along with the period of major flooding for each creek (based on visual analysis of
the annual hydrographs for the period of record). In Wilson Creek most of the
species for which data were available were present as eggs or adults for at least part
of the flooding period, while in Harp Outflow, most of the taxa were in the nymphal
stages during periods of greatest flooding.

More than 80 per cent of the mayflies were displaced by even minor flooding
in Wilson Creek (Cobb 1990, Table 2). In contrast, an extreme flood event in Harp
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Table 3. Predictability indices of flood flows in Wilson Creek and Harp Lake
Outflow, calculated as in Resh et al. (1988; see text for explanation and
appendices for calculations).

Wilson Creek Harp Lake Outflow
Total Predictability 042 0.51
Constancy 0.29 0.28
Contingency 0.13 023
Table 4. Relative abundances and life history types of mayfly species found in

Wilson Creek, Manitoba (From Cobb et al. 1992).

Species Life s Developmental Period
history Abundance J FMAMJIJASOND

Pseudocloeon turbidum U, 46.0 inlalel
Nixe (Akkarion) simpliciodes U, 11.0 ladet
Ephemerella nr. inermis u, 26.0 alalabd)
Ameletus sp. u, 2.0 SRR ———
Leptophlebia sp. u, 7.0 fh e m——
Baetis tricaudatus M, 5.0 jofalalolalole
B. flavistriga M, 3.0 ialalalolalole
Centroptilum sp. M,? <0.5
Tricorythodes sp. M2 <0.5
Siphlonurus sp. u,? <0.5

Major Flood Periods ) L
U,=Univoltine Summer, U,=Univoltine Winter, Ms=Multivoltine; after Clifford 1982

Developmental period: Nymph ; egg —---—- ; adult ~asassaa
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Table 5. Relative abundances and life history types of mayfly species found in
Harp Lake Outflow, Ontario (from Giberson and Hall 1988; life histories
of rare species inferred from literature accounts).

cies Life ] Developmental Period

History Abundance JFMAMJIJASOND

Baetis nr. brunneicolor u, 0.8 = e——mmemee- ielala Dbl 04

B. flavistriga M, 2 <0.5

B. pygmaeus M, 10.7 iadalelaboke

Cloeon sp. ? <0.5

Centroptilum sp. M, 2 <0.5

Isonychia bicolor u, ? <0.5

Stenonema femoratum u, ? <0.5

S. modestum U, 23.5 ialalaledololiol

S. vicarium u, <0.5

Habrophlebia vibrans 2-yr 9.2 jakel

Leptophlebia cupida U, 14.9 AR ———

Paraleptophlebia adoptiva u, 24.7 Alm————

Eurylophella funeralis 2-yr 2.9 alakalolel

E. temporalis u, ? <0.5

E. verisimilis U, 13.0 AR m——

Eurylophella sp. u, ? <0.5

Ephemerella sp. u, ? <0.5

1 ] 1L Ji

Major Flood Periods
U=Univoltine Summer, U,=Univoltine Winter, M=Multivoltine; after Clifford 1982

Developmental period: Nymph ; egg ——-=-~- ; adult ~~~aanan
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Outflow resulted in no significant reductions in the mayfly numbers (Giberson and
Hall 1988, Table 2).

Discussion

There is a long-standing controversy over whether physical or biological
processes are most important in structuring stream communities. The current belief
is that streams or reaches with relatively low disturbance frequency will have a
higher proportion of biotic interactions, while streams that are frequently disturbed
should be structured more by the disturbance events (e.g., Hemphill and Cooper
1983; Peckarsky et al. 1990). It is tempting to try to quantify “disturbance” in
streams in terms of flooding history alone (e.g., Resh et al. 1988), but such methods
carry the assumption that flooding acts in a similar fashion on all streams. Cobb and
Giberson (1990) and Poff (1992) suggest that while flood history is important,
other factors, such as stability of bed materials, must also be considered.

The mayfly communities in Wilson Creek and Harp Lake Outflow showed
very different structure patterns. Wilson Creek possessed a much less diverse
mayfly community than Harp Outflow, despite being a larger stream (relative to
drainage basin area), and most of the mayflies present were fast-growing species
that grew rapidly during the summer months. In addition, most were present as
eggs or adults during floods, suggesting that colonization after a flood event by
ovipositing adults or hatching of eggs would be relatively rapid. Mayfly populations
in Wilson Creek were severely depleted after even minor flood events, but bounced
back quickly after the flood was over (Cobb 1990). In contrast, Harp Outflow had
nearly double the number of mayfly species of Wilson Creek, and numbers were
more evenly distributed among at least seven species. Also, the fauna in Harp
Outflow was dominated by relatively slow-growing taxa, and most of the taxa were
present as nymphs during the periods of greatest flooding. Following the second
most severe flood event in the period of record for Harp Outflow (twice the bankful
discharge, spring 1986), no significant reductions in mayfly numbers occurred,
presumably because substrate materials were not disturbed (Giberson and Hall
1988). Therefore, Wilson Creek may be considered to have an impoverished and
opportunistic (r-selected) community, and the Harp Outflow community is relatively
rich and stable (K-selected). Based on these observations, we would predict that
Wilson Creek should be unstable and/or unpredictable hydrologically, while Harp
Outflow is stable and predictable.

All of the hydrology measures supported the prediction that Wilson Creek is
less stable that Harp Outflow. Frequency and intensity analysis indicated that
variations from the mean annual flood were greater, and that disruptive floods
occurred more often, in Wilson Creek than in Harp Outflow. It should be noted as
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well, that temperature and food resources may also be more stable in Harp Outflow
because of the influence of Harp Lake immediately upstream (Richardson and
Mackay 1991). Flow in Wilson Creek was less predictable than that in Harp
Outflow, but the predictability indices for water flow were low in both creeks,
suggesting that flow predictability alone is not a good indicator of community
structure. Cobb (1990) re-calculated predictability indices for several reaches of
Wilson creek based on flows that moved substrate materials and found these to
provide a better predictor of mayfly life cycle adaptations than standardized flow
classes. Therefore, predictability of habitat may be more important that predictability
of flow.

Floods, therefore, cannot be classified as disturbance in terms of disrupting
community structure if they occur in a highly predictable fashion or if they do not
displace bottom organisms. The use of a predictability index, as suggested by Resh
et al. (1988), should be modified to include a measure of whether those flows move
bed materials or displace bottom organisms. Magnitude-frequency analysis,
commonly used by engineers to determine economic impacts of flooding, can be
used to determine frequency and return periods of biologically significant flows in
order to quantitatively assess the time available for development of biotic interactions.
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Appendix
Hydrological Calculations

Flood Frequency (Richards 1982)

Flood frequencies may be calculated using annual peak flows (annual series) or any
flows above a certain arbitrarily chosen level (partial duration series); the annual series was
chosen in this study because the period of record was >10 years in both streams and because
of difficulty in choosing a significant flow level for the partial series. Annual peak flood
flows (Wilson Creek: Water Survey of Canada 1965-1981; Harp Lake Outflow: Ontario
Ministry of the Environment unpublished data) were ranked in decreasing order of magnitude,
so that the highest flood was ranked as #1 and the rank (m) for the lowest magnitude flood
was equal to the number of years of record (n). The return period or recurrence interval of the
flood (T) is equal to the reciprocal of the probability of occurrence (p); the probability model
is distribution free and based solely on rank orders:

p=m/n+! T=1/p

Peak floods were plotted against recurrence interval on Gumbel Extreme Value
Probability paper to extrapolate for floods outside the recorded range. In order to
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compare the two creeks with different discharge regimes, the recurrence intervals
were plotted against the dimensionless ratio of peak flood to mean annual flood
(the average of flood peaks over the period of record).

Flood intensity (Richards 1982; Newbury 1984)

Tractive Force (1) of water at a given discharge is:
T g = 1000xDx S

where 1000 (kg/m?) = specific weight of water; D (m) = depth of flow; S (m/m) = slope of
channel. For rounded, non-cohesive particles of 0.5 cm diameter, the critical tractive force to
initiate movement is approximately equal to the diameter of the particle in cm. For flake-like
shale particles, only about half the tractive force is required to initiate movement in a particle
of equivalent mean diameter (Newbury 1984). To compare creeks, tractive forces were
estimated for bankful discharges, because this discharge is important in active channel
formation and sediment transport (Richards 1982).

To determine the proportion of the bed in motion at a given discharge, the particle size
in motion is compared to the cumulative frequency distribution of the substrate particles in
the reach. For example, if particles of <7 cm diameter should be in motion at bankful in
Wilson Creek, and 75 per cent of particles are smaller than 7 cm in diameter, then 75 per cent
of the bed will be expected to be in motion at that discharge.

Flood Predictability (Colwell 1974; Resh et al. 1988)

The predictability index may be calculated for any cyclic phenomena that can be scored
for at least two states (i.e., condition, levels, intensities) over at least two time periods or
phases of the cycle, for as many cycles as possible. Flood data are cast into a frequency
matrix (contingency table) where rows = states and columns = times and uncertainty is
calculated from the matrix. Predictability is the reciprocal of the uncertainty and represents
the degree of variation among successive periods in the pattern of periodic phenomena.

Monthly flow data were arranged so that rows were flow classes corresponding to flood
magnitudes and columns were months. Each entry in the matrix represented the number of
times in the period of record that a peak flood of that magnitude occurred in that month.
Flow classes were arranged following Resh et al. (1988) as log, flow, to eliminate problems
of correlation between means and standard deviations for phenomena with fixed lower
bounds and because streams of different size were being compared. Predictability was
calculated according to Colwell (1974):

Given t columns and s rows:

Nij=each entry in matrix (state i at time j)
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t s
Y=rowtotals= XN, X=columntotals= XN,
j:l l=1

Z =grand total = ¥ N,
ij

Uncertainty re: time = H(X) = -Z(X_j logX)
2 2

Re: flood intensity = H(Y) = -Z(Xi logY)
2 2

Re: interaction = H(XY) = -ZX(N, logN,)
2 2

And Predictability will be: P=1-H(XY)-H(X)
log s

Constancy will be: C=1-H(Y)
log s

Contingency will be: M=HCO+H(Y)-H(XY)
log s
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