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The life history and ecology of Camelobaetidius

mexicanus (Ephemeroptera: Baetidae) was studied from June

1993 to June 1994 in Honey Creek, Oklahoma. Adults lived 1

to 5 days. Eggs were 147 gm to 162 pm long and were free of

chorionic sculpturing. Incubation times were 10 to 12 days.

First instar nymphs measured 304 pm in length, lacked

gills, and had bilaterally symmetrical claws with 10

denticles per claw. Changes in claw morphology to an

asymmetrical form with reduced denticulation were observed

as nymphs matured. Variation in denticulation in late

instar nymphs ranged from 4 to 8 in mature nymphs. Foregut

contents indicate C. mexicanus was a scraper. Samples

showed C. mexicanus was multivolitine with at least three

generations per year.



ACKNOWLEDGMENTS

I wish to express my gratitude to Dr. James H. Kennedy

for accepting me as a graduate student. It was a pleasure

working for a professor of Dr. Kennedy's caliber, he is a

vanishing breed of biologist, the type Steinbeck wrote of

with such reverence. I am greatful to have worked with such

a person. Thanks go out to Dr. Kenneth W. Stewart, who was

an invaluable source of information and advice on aquatic

insects in general, and specifically aquatic insect life

histories. I must thank Dr. Thomas L. Beitinger for

statistical and editorial help as well as for introducing me

to the many joys of doughnuts. I would also like to thank

Charles F. and Janet C. Wagner for helping me dodge real

work for as long as I have. Thanks also to Meridth Scott,

Brendon DeMarco, and Keedra Tabor for help during the long

summers. Special thanks to R. J. Currie for help throughout

this research. David Garrett was of great assistance in

obtaining electron micrographs. Thanks to Laura Butler for

her illustrations.



TABLE OF CONTENTS

Page

LIST OF TABLES

LIST OF FIGURES .

Chapter

I. INTRODUCTION

Overview . . . . . .

Literature Review . . .
Proposed Research . . . .
Study Area . . . . . . .

II. MATERIALS AND METHODS . . .

Physiochemical Measurements .
Collecting and Sorting - - -
Microdistribution . . . .
Subimaginal and Imaginal Investigations
Fecundity and Incubation Time
Size Frequency Analysis - -
Gut Content Analysis - - -
Morphology . . . . . .

III. RESULTS AND DISCUSSION - -

Life Span of Subimagos and Imagos
Fecundity and Egg Development
Description of First Instar
Claw Morphology - - - -
Feeding Habits and Trophic Role
Distribution . - - - -
Emergence Behavior and Phenology
Seasonal Development and Voltinism
Summary . . - - - -

REFERENCES . . . . .

1 T

V

vi

1

" . 1
" . 4
" . 7
" . 7

S . 9

9
10
11
11
12
12
13
14

. . . . 15

15
15
17
18
19
20
22
28
32

77

. .

." .

." .

. ." .r

- - . .
- - . .
. . . .
- - . .
. . . .
. . . .
. . . .
. . . .
. . . .



LIST OF TABLES

Table Page

1. Fecundity and egg size in C. mexicanus . . . 41

2. Number and size of adults collected by month
Collection method: 0 = visually observed;
L = light trap; N = Aerial net. NA
indicates data not available. * = Based
on estimates from swarms . - . . . . . 43

3. Food items ingested by C. mexicanus . . . . 49

4. Post nymphal behavior in C. mexicanus . . . 59

5. Summary of size data and monthly densities in

C. mexicanus . - - - - - . . . . . 75



LIST OF FIGURES

Figure Page

1. Location of study site . - - - . . . . 35

2. Monthly temperatures during sample period . . 37

3. Monthly rainfall during study . . . . . . 39

4. Electron micrograph of C. mexicanus

eggs (400x) - - - - - - . . . . . 45

5. Electron micrograph of first instar
C. mexicanus nymph (200x) . . . . . . 47

6. Claw morphology of C. mexicanus . . . . . 51

7. Late instar claws of C. mexicanus showing 8
denticles (top) and 4 denticles (bottom) . . 53

8. First instar claw of C. mexicanus (2000x) . 55

9. Late instar claw of C. mexicanus (750x) . . 57

10. Influence of flow on density in nymphal
populations of C. mexicanus . . . . . 61

11. Crepuscular and diurnal emergence phenologies

in C. mexicanus . . - - - . . . . . 63

12. Influence of temperature on emergence pattern
in C. mexicanus. C = crepuscular emergence,
D = diurnal emergence - - - . . . . 65

13. Size kites of nymphal populations of C.
mexicanus 29 June, 1993 - 10 November,

1993 - - . - - - - - - . . . . 67

14. Size kites of nymphal populations of C.
mexicanus 10 December, 1993 - 16 June,

1994 - - - . . . . . - . . . . 69



15. Box plot of size composition in nymphal
populations of C. mexicanus. Filled
circles = 9 5 th and 5 th percentile;
upper and lower bars = 9 0 th and 1 0 th

percentiles, upper and lower box ends
7 5 th and 2 5 th percentile, middle

line = 5 0 th percentile, dotted line
= mean. Curved lines indicate proposed
generations. . . . . . . . . . . . 71

16. Monthly densities of C. mexicanus nymphs . . 73



CHAPTER I

INTRODUCTION

Overview

Mayflies (Insecta: Ephemeroptera) are a relatively

small order of hemimetabolous insects containing about 2000

described species (Brittain 1982). They are widely

distributed in lentic and lotic habitats on all continents

except Antarctica (Edmunds et al. 1976), and attain greatest

diversity in second and third order headwater streams

(Edmunds 1984).

Mayfly nymphs live from a few weeks to as long as three

years (Brittian 1982). Generally, nymphs are collector-

gathers or scrapers (Brittain 1982), that feed largely on

primary producers and detritus. As a result of their

dietary habits, mayflies play an important role in energy

flow (Edmunds 1984). They frequently represent a large

amount of the total secondary productivity of many aquatic

ecosystems and contribute to higher trophic levels as a food

source for other invertebrates and fish (Brittian 1982).

Adult mayflies are short lived, generally existing less

than 24 hours (Brittian 1990). They poses only vestigial

mouth parts and do not feed. Adults function in

reproduction and dispersion of the species. Mayflies are
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unique in that there are two winged stages, the subimago (a

preadult instar) and the imago. The subimago must molt once

to become an adult. The subimaginal skin is thought to act

as a hydrofuge, easing the escape of the winged stage from

the water surface during emergence (Edmunds & McCafferty

1988). Adults of some species form large mating swarms over

streams with characteristic flight patterns flown by males

to entice females into mating. While much is known about

general developmental events of mayfly life cycles, little

is known about the ecology or life histories of specific

mayflies (Edmunds et al. 1976). Although more than 650

mayfly species exist in North America (Ward 1992) life

histories for only about 5% have been published.

Life history has been defined differently by numerous

workers. Oliver (1979) proposed that a life history

consists of "events that govern the reproduction (and

survival) of a species or a population". This all

encompassing definition is too ambiguous for use as a

framework for scientific investigations of aquatic insects.

Waters (1979) enumerated specific parameters in his

definition of life history including; method of birth,

pattern and rate of growth, feeding, social behavior, life

span, and response to environmental factors. This

definition is so inclusive that it becomes overly cumbersome

for an aquatic ecologist to incorporate all of its tenants

into a life history study. A more useful definition is that
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of Butler (1984) who defines a life history as "the

qualitative and quantitative details of the variable events

that are associated with the life cycle [of an organism]."

This concept of life history provides a tangible definition

that can be suitably investigated. Butler (1984) further

provides a distinction between life history and life cycle,

defining a life cycle as "the sequence of morphological

changes and physiological processes that link one generation

to the next." A life cycle consists of morphological

stages of development are regarded as constant within a

given taxon, while a life history consists of variable

parameters within a life cycle that relate to the manner in

which a given organism completes the course of its life. It

is an organism's life history attributes that allow it to

fill a given niche. Consequently, information from such

studies provides important information on the ecology of

individual species or guilds. While such studies provide a

wealth of information, studies for many groups are lacking.

In 1979, Rosenberg noted "we still lack critical life-

history knowledge that is essential to contemporary research

on the structure and function of aquatic communities and

ecosystems." While important life history studies have been

completed since 1979, much research remains to be done.

Often, the impact of environmental disturbances on benthic

communities are not readily apparent. Information garnered

from life history studies provides baseline data by which
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impacts might be recognized (Lehmkuhl 1979). Lenat (1993)

noted that within some insect genera, pollution tolerance

ranges from poor to excellent. This is of particular

concern as many ecological bioassessments address taxa at

the level of genus or even family. Life history studies can

also aid in resolving taxonomic questions (Oliver 1979).

Because of the current recognized importance of

biodiversity, species identification is of paramount

importance. Thus life history studies not only contribute

to the understanding of a species, but have important

implications for ecology, conservation biology, and applied

sciences.

Life history information is sparse or nonexistent for

many genera within the mayfly family Baetidae. Members of

this family are found in both lentic and lotic habitats, and

are often the dominant insects in terms of numbers and

biomass. Thus, information about their life histories may

be relevant to a variety of ecological studies of aquatic

ecosystems. There are many genera within the family

Baetidae for which not a single life history study exists,

including the genus Camelobaeti dius.

Literature Review

Camel obae tidi us

The first record of a spatulate-clawed mayfly was made

by Traver (1944) who characterized a nymph having a "very

peculiar [claw] ... flattened and truncate at its tip, shaped
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like the tip of a spatula..." and designated it Baetine

No.1. A separate genus did not exist nor was proposed for

such spatulate-clawed baetids at that time. Subsequently,

other spatulate-clawed mayflies were discovered and the

first was formally described by Day (1955) as Baetis

warreni. Day recognized the claws as distinctive, but

thought it an "aberrant form of the genus Baetis" and did

not create a new genus.

In 1967, Demoulin described a new species of mayfly

nymph having unique claws and placed it in the new genus,

Camelobaetidius. He did not refer to any literature

concerning similar species in his manuscript. Shortly after

Demoulin's publication a revision of the spatulate-clawed

Baetid nymphs was published by Traver and Edmunds (1968).

The genus Dactylobaetis was erected in 1968 in Traver

and Edmund's revision of the Baetidae with spatulate-clawed

nymphs. They divided spatulate-clawed Baetidae into two

genera; Dactylobaetis, which they erected and the existing

Camelobaetidius. Traver and Edmunds described 13 species in

the genus Dactylobaetis and only one under Camelobaetidius.

This brought the total of described species of Dactylobaetis

to 13 and Camelobaetidius 2, respectively. The type species

for the genus Dactylobaetis was Baetis warreni and named D.

warreni according to rules of the International Committee on

Zoological Nomenclature (ICZN). Available information on

the ecology of the genera was included in this revision.
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This revision noted that the genera were confined to the

western hemisphere and occurred in streams with high summer

temperatures.

Allen and Cohen (1977) published range extensions for

D. mexicanus, finding it throughout large portions of

Mexico. They also provided range information for D. musseri

and D. zenobia. It was suggested from material examined

that D. mexicanus might exhibit a year round emergence

pattern.

Allen and Chao (1978) described four additional species

in the genus Dactylobaetis from mayflies collected in

Arizona, New Mexico, and Texas. This brought the total

number of known world wide species to 19. The known

distribution of D. mexicanus was expanded to north central

Texas. No additional ecological information for the genus

was provided

Additional publications containing range extensions

beyond those appearing in Traver and Edmunds (1968) were

published (Lehmkuhl 1976, Liechti 1982). The northern most

range of any member of Dactylobaetis was extended to

Saskatchewan (Lehmkuhl 1976). The discovery of D. mexicanus

in Kansas demonstrated that this species was not limited to

Mexico and the U.S. Southwest (Liechti 1982).

McCafferty and Waltz (1991) determined Dactylobaetis

was a paraphyletic designation and placed all of its species

into the genus Camelobaetidius, including D. mexicanus.
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Since the synonymy of Dactylobaetis with Camelobaetidius,

one additional species has been described by McCafferty and

Klubertanz (1994); their report also extended the range of

Camelobaetidius to Iowa and Indiana.

Presently, 20 species are known from the genus

Camelobaetidius but the taxonomy of the genus is not settled

(Waltz pers. comm.). Currently, my study is the only

research known that addresses the life history of any member

of the genus Camelobaetidius (Waltz pers. comm, Edmunds

pers. comm).

Proposed Research

The primary objective of my study was to describe the

life history of Camelobaetidius mexicanus (Traver and

Edmunds) (Ephemeroptera: Baetidae) living in Honey Creek in

south central Oklahoma. Specific objectives were to:

1. Determine emergence phenology and behavior.

2. Describe nuptial flight and female oviposition.

3. Measure subimaginal and imaginal life spans.

4. Examine egg morphology and time to hatching.

5. Describe larval microdistribution.

6. Analyze gut contents.

7. Determine voltinism from nymphal head capsule

widths and adult emergence.

Study Area

Honey Creek is situated within the Arbuckle Mountain

range at the northeastern margin of the southern Oklahoma
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Aulacogen formation (Fig. 1). This locality has served as a

site for numerous aquatic insect studies by Risen who

characterized the ecology of Honey Creek in a series of

publications (1974a, 1974b, 1975, 1976, 1977).

Approximately 25 km long, Honey Creek is fed by numerous

springs throughout its length. The creek is a permanent

travertine stream, with calcite rich water. It is relatively

pollution free with only minimal agricultural use upstream

from Turner Falls Park and recreational use within the park

(Risen 1976). The study site, Bridal Veil Falls, is within

Turner Falls Park and lies at an elevation of 300 m. Bridal

Veil Falls consists of a series of small falls, pools, and

riffles. Within the study site mean total alkalinity was

267 mg/I, and mean pH 8.09 (Reisen, 1976). Mechanical

aeration from the stream flowing over the small waterfalls

within the study cause dissolved oxygen levels to approach

saturation. Water depth typically ranges from a few

centimeters to ca. 0.5 m in riffle areas and from a few

centimeters to over 2 m in pools.



CHAPTER II

MATERIALS AND METHODS

Physiochemical Measurements

Air and water temperature were taken for each sampling

period using a hand held mercury thermometer. Temperatures

were taken upon arrival at the study site, at sunset, and

when behavioral phenomena such as flight or swarming were

observed. Additional air temperatures were obtained from

the National Oceanic and Atmospheric Administration (NOAA)

recording station in Chickasaw, Oklahoma, 11.7 km west of

Turner Falls. Since the water temperature of Honey Creek

closely follows the air temperature (Risen 1976) these data

were used to construct a daily temperature and rainfall

profile for the period sampled (Figs. 2-3). Dissolved

oxygen (D.O.) was measured using a YSI model 54 dissolved

oxygen meter. pH was measured with a Markson Science Inc.

model 88 digital ph meter. Stream depth and distance of

sample location from nearest shore were measured using a

meter stick. A Kahlsico heavy duty dial counter pygmy flow

meter was used to estimate flow rates.

Collecting and Sorting

Sampling was conducted from June 1993 to June 1994.

Collections were taken twice monthly during March through

October and then monthly during November through February.
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Supplementary trips were made during periods of unusually

warm winter weather to check for mayfly emergence.

Quantitative collections of nymphs were made using a

GuzzlerTM hand operated vacuum system and either a foam

sealed box sampler (15 cm x 30 cm) for general sampling, or

a foam sealed PVC pipe sampler (11.43 cm diameter) for

sampling microdistribution. Collection sites within Bridal

Veil Falls were chosen randomly by pacing off a previously

determined distance derived from a random number table.

Samples were initially taken from both pools and riffles but

pool sampling was abandoned as C. mexicanus seldom occurred

in pools. Sampling began at the bottom of the riffle and

proceeded upstream to prevent disturbance to the benthic

community that might effect subsequent samples. After

determining the sample location, the sampler was quickly

placed on the substrate isolating the area within the

sampler from the outside stream. The sampler was filled

with water using a 38 L bucket. Organisms within the

sampler area were dislodged using a paint brush. The

contents of the sampler were pumped into a 38 L bucket and

concentrated by passing through a 180 pm mesh sieve. The

concentrated sample was poured into a nalgene bottle,

preserved with Kahle's solution and transported to the

laboratory. After 24 h the Kahle's solution was replaced

with 70% alcohol for long-term preservation. In the

laboratory organisms were separated from debris and all C.
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mexicanus removed for further analysis.

Microdistribution

Analysis of abiotic factors influencing

microdistribution were made on 1 August 1994 and 10 August

1994 respectively. The study site was divided into areas of

low, medium, and high flows. Three samples were taken from

random locations within each. Flow rate, D.O., pH, depth,

and distance from nearest shore was measured for each

sample. Mayflies were collected and processed as described

above. Density data were expressed as % of total collected

for each sample date and data from the two dates combined

for statistical analysis. Data were analyzed using Sigma

Plot 5.0 software package to determine if direct correlation

existed between density of C. mexicanus and any of the

abiotic variables measured.

Subimaginal and Imaginal Investigations

Subimaginal and imaginal life spans were measured from

material reared in the laboratory. Nymphs were collected

using an aquatic dipnet, placed in a 96 L cooler, and

transported to the laboratory. Nymphs were transferred to a

38 L aquarium and monitored for emergence. Subimagos and

imagos were held in 1 L glass jar covered with 2 mm mesh
screen. Jars were placed outside to more closely

approximate ambient stream-side conditions than would

laboratory conditions. Adults were monitored every 3 h for

survivorship.



Data on adult emergence were obtained by running one

ultra-violet light (12 v) at the upstream and downstream

ends of the study site 0.5 h before until 1.0 h after

sunset. Additional specimens, including those obtained from

swarms, were collected with an aerial net.

Fecundity and Incubation Time

To estimate fecundity subimaginal females were obtained

from specimens reared in the lab. Females were dissected

and the eggs removed. Eggs were placed in water, mounted on

a depression slide, and all eggs counted. To measure

incubation time it was necessary to obtain fertilized eggs.

Eggs from imaginal females that flew over the study site or

came to u.v. lights were netted. Females were grasped by

the wings, and their abdomens dipped in a plastic

scintillation vial of stream water. Eggs fell from the

abdomen, sank and stuck to the bottom of the vial. Vials

were transported back to the laboratory and incubated inside

a 38 L aquarium and incubated at 23 C. Fertile eggs for

spring, summer, and winter were obtained.

Size Frequency Analysis

Head capsule widths were measured across the widest

portion of the compound eyes using an Olympus Cue-2 Image

Analyzer coupled to an Olympus dissecting microscope. The

system was calibrated prior to each use according to the

manufacturers specifications. These data were used to

describe the size composition of nymphal populations sampled

12
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using kite diagrams and box plots. In an effort to resolve

generations, head capsule widths were ranked and the raw

data graphed. These data produced size kites that showed a
size sequence of individuals sampled and allowed for

comparisons of size composition between dates. These data

along with emergence data, size variation, and statistical

analysis were used to propose generations. Two null

hypotheses were tested; no significant difference existed in
nymphal head capsule widths for dates sampled, and no

significant difference in adult head capsule widths existed

for dates sampled. Data were analyzed using Statistical

Analysis System (SAS) version 6.04. Data were nonnormally

distributed (SAS test for normality) and were subjected to
nonparametric multisample testing (Kruskal Wallis one-way

analysis of variance).

Gut Content Analysis

Foregut contents were analyzed from individuals

collected during all four seasons to provide information on
the food items selected by C. mexicanus. Contents were

mounted on slides using CMC-9 mounting media and the entire
slide was examined for new taxa. No volumetric or relative

abundance measurements were attempted.

Morphology

Examination of claw morphology, egg morphology, and
first instars employed both light microscopy and electron
microscopy. For light microscopy, specimens were mounted on
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slides using CMC-9 and pictures were taken using an Olympus

BH-2 microscope equipped with an Olympus camera. For

electron microscopy, specimens were dehydrated using a

critical point dryer, coated with gold in a Polaron

Instruments E5100 coating unit and viewed under a Jeol JSM-

T300 scanning scope. Electron micrographs were made with a

Jeol T20-CSI camera and a Polaroid 545 Land film holder.



CHAPTER III

RESULTS AND DISCUSSION

Life Span of Subimagos and Imagos

Adults reared from nymphs were used to estimate

subimaginal and imaginal life spans. Males lived 1 to 3

days (mean=2 days, SD=l, N=3) when held in the field. The

average time required for transformation from subimago to

imago in males was 1 day (SD=1.22, N=3). Females lived 1 to

5 days (mean=3.13 days, SD=1.65, N=3) when held in the

field. Transformation from subimago to imago required an

average of 1.5 days (SD=1.22, N=4). Within the family

Baetidae life span is variable; however, members generally

live less than 24 h (Brittain 1990). These data indicate

that C. mexicanus is relatively long lived for a Baetid

mayfly, although not near as long as species of Callibaetis

which can live up to two weeks (Edmunds et al. 1976). On

cold days, C. mexicanus were frequently encountered as

subimagos resting on the waters surface. Life span data

suggest that C. mexicanus could survive relatively short

periods of cold until temperatures warmed enough for flight.

Fecundity and Egg Development

Hatching began on the 1 0 th day of incubation and ceased

by 12 th day. An estimated 90% of those eggs that hatched did

so on the 10 th day of incubation with the remainder hatching

I
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on the 1 1 th and 1 2 th days. Success rate for broods were

estimated to range from 75% to 99%. Egg masses with 0%

hatching were assumed to come from females that were netted

prior to mating. Numerous eggs were obtained from virgin

females (females reared and isolated from males in the lab),

all of which failed to hatch; thus, parthenogenesis was not

demonstrated.

Fecundity was estimated based on eggs obtained from

subimagos. The use of fecundity herein is total potential

fecundity or the total number of eggs produced by a female

without regards to their fate. Mean fecundity for summer,

fall, winter, and spring was 116 eggs/? (SD=12.7 ,N=2),

235.3 eggs/2 (SD=35.5, N=4), 215 eggs/ (SD=13.7, N=3), and

337.7 eggs/ (SD=54.6, N=3), respectively (Table 1). Sweeny

(1979) showed adult body length and fecundity were directly

correlated, fecundity data for C. mexicanus are consistent

with the seasonal size variation seen in the adults (See

Seasonal Development and Voltinism). Fecundity within the

family Baetidae is known to be highly variable. Clifford

and Boerger (1974) found Baetis rhodani females contained up

to 4500 eggs/? while Brittain (1979) found Baetis macani

contained as few as 200 eggs/. C. mexicanus fecundity is

low but may be offset by its potential year round

reproduction (Table 2) . Thus, while C. mexicanus may not
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produce as many eggs per female as other species, its longer

potential reproductive period might cause the total

fecundity to be similar to that of other species.

Eggs were oval in shape (Fig.4) with mean length of the

long axis ranging from 147 pm in the spring to 162 pm in the

winter. Egg length in mayflies typically range from 100 to

200 pm (Clifford and Boerger 1974). Attachment structures

were not observed. An adhesion layer was present which is

common in members of this family (Koss and Edmunds 1974).

Nymphs

The body of first instar nymph was translucent and

total body length excluding cerci was 304 Atm. The head was

79 gm in length, thorax 103 pm in length, and the abdomen

122 pm in length. The antennae consisted of 4 segments with

the terminal segment ending in a flagellum. Two compound

eyes were located near the proximal margin of head capsule;

two lateral ocelli were present anterior to the eyes. Gills

were absent from the abdomen which terminated in two cerci.

Cerci were 137 pm in length, consisted of 8 segments, and

ended in a flagellum (Fig. 5) Claws were well developed (See

discussion of claw morphology).

Nymphs could be sexed when HCW across the eyes reached

550 pm in length by the presence of divided eyes in males.

The male to female sex ratio of 521 nymphs examined was

1:1.11.
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Claw Morphology

The commonality among members of the genus

Camelobaetidius is their distinct claws which are generally

referred to as spatulate in shape. Claws consist of the

main claw and a series of denticles (Fig. 6). While claw

denticulation in mature nymphs has, in part, served as a

basis for species descriptions, claw morphology of first

instars is poorly known. Because of the uniqueness and

importance of claw morphology in this genus variation in

denticle number and morphology of first instar claws was

investigated.

Claws from mature nymphs (those with well developed

wing pads) were selected at random, mounted on slides, and
the number of denticles counted. Examination of 330 claws

indicate that 94.1% of claws fall within the range of 5-6
denticles given by Traver and Edmunds (1968); however,

variability in denticulation is greater than previously

thought with 5.3% having 7 denticles per claw and 0.3%

having either 4 or 8 claws per denticle, respectively (Fig.

7).

First instars claws had 10 denticles and were

morphologically dissimilar from late instar claws (Fig.8).

Early instar claws were bilaterally symmetrical with a long
medial main claw flanked on each side by 5 relatively long
denticles that decreased sequentially in size away from the
main claw. Late instar claws were asymmetrical with the
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main claw produced on one side followed by a series of

proportionately smaller denticles (Fig 9). Observations

from electron micrographs indicate that the main claw and
each denticle is not rigid, but hinged at the base, which
might allow the claw to be manipulated to provide maximum

grip on the substrate.

Feeding Habits and Trophic Role

Examination of nymphal foreguts indicate that C.

mexicanus is a scraper. Quarterly samples of 6 to 10

nymphal foreguts indicate that during all seasons C.
mexicanus consumed diatoms and filamentous algae, ingesting
only small amounts of detritus (Table 3). Evidence that

this species scraped the surface of rock was indicated by
the large amount of calcium carbonate found in the guts that
it ingested while harvesting diatoms and filamentous algae.
The lack of detritus in the diet of C. mexicanus probably

results from the lack of detritus that accumulates within
the study site. The trophic function of such a scraper-

herbivore is to convert primary production into animal

tissue which can then be utilized by subsequent trophic

levels. Gut contents of Lepomis spp. and Etheostoma spp.
collected from the study site contained nymphs of C.

mexicanus indicating they are utilized by fish. Swarms of
Anax sp. in addition to other odonates were seen feeding on
C. mexicanus adults suggesting C. mexicanus also contributes
to terrestrial food webs.
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Distribution

Members of the genus Camelobaetidius are found in

streams with cobble to boulder type substrates; they are

also frequently found in association with waterfalls (Traver

and Edmunds 1968) . In Honey Creek, C. mexicanus was found

most frequently in open portions of the stream where shallow

water flowed over rock surfaces, and clinging to the faces

of small waterfalls. The greatest densities of C. mexicanus

occurred in a section of stream known as Bridal Veil Falls,

which served as the study site for this research and

typifies the preferred habitat of members of the genus

Camelobaetidius. Field observations, benthic sampling, and

examination of abiotic factors show the microhabitat of C.

mexicanus can be characterized by the following; areas of

moderate flow in shallow areas of stream bed or on the faces

of water falls where silt or small cobble is unable to

accumulate. Visual observations of nymphs residing on the

rock substrate suggested that this species exhibited a

clumped spatial distribution.

The relationship between density and selected abiotic

factors (flow, depth, pH, dissolved oxygen, temperature,

distance from nearest shore) was made to further resolve the

microdistribution of C. mexicanus. Significant direct

correlation was found only between density and flow

(p<0.001, r=0.94). Using a second-order fit, 88% of the

variation in densities of C. mexicanus were explained by
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variation in flow between flows of from 0 m/s to ca. 1.2 m/s

(Fig 10). Beyond flows of ca. 1.2 m/s nymphs of C.

mexicanus occurred sporadically. Based on these

observations, only data in the range of 0 m/s to 1.2 m/s

were used in statistical analyses. C. mexicanus occurs

minimally in still waters, increasing in frequency as flow

increases to ca. 0.5 m/s where peak densities occur. As

flow increases beyond this value a decrease in densities

occurs until ca. 1.2 m/s. Few nymphs were collected in

flows greater than 1.2 m/s; it is thought that these were

drifting individuals trapped during the collecting process

rather than individuals with a preference for higher flows.

The causes of flow preference in this species are not
clear. D.O. levels were supersaturated within the study

area and no significant relationship existed between D.O.

levels and density; consequently, flow preference is not

obviously related to oxygen demands of nymphs. It would

seem more energetically favorable to reside in areas of

minimal flow; however, data show preference away from such

areas. It is possible that some factor not measured, such
as density of food items, might covary with flow and is
responsible for variation in densities. Alternatively, flow
preference seen in C. mexicanus may result from unknown

evolutionary pressures that govern its presence and

microdistribution in Honey Creek. Thus, where it occurs is
well understood; why it occurs in these habitats is not.
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Emergence Behavior and Phenology

Emergence in C. mexicanus was observed year around with

time of emergence, occurrence of swarming behavior, and time
of mating seasonable variable (Table 4). While emergence

occurred year round, during some sampling periods adults did
not come to light traps and could not be collected with nets
(Table 2) . Distinct emergence patterns were observed for

late spring/summer, fall, winter, and early to mid-spring.

Emergence was crepuscular late spring through the

summer (Figs. 11-12). Imagos precede subimagos in light

traps indicating subimagos transform into imagos over night
or during the day after emergence and likely rest until

sunset of the following day. Subimagos were captured toward
the end of imaginal flight until approximately 30-40 min

after sunset.. Imagos were collected by light traps

immediately prior to sunset until ca. 15 min after sunset.

No swarming or mating was observed; however, eggs obtained

from female imagos collected at light traps were

successfully reared. This suggests mating probably occurred

near the onset of darkness preventing observation.

Approximately 1 h after sunset C. mexicanus ceased

frequenting light traps. It is possible additional swarming

occurs around sunrise although efforts to document this were
unsuccessful. Location of the transformation site from
imago to subimago is not clear. Sweeping riparian

vegetation failed to yield subimagos or imagos but did
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collect subimaginal cast exuviae suggesting transformation

may occur in riparian vegetation. C. mexicanus was seen
flying upward into the canopy of the riparian vegetation on
numerous occasions, suggesting that this species may exhibit
tree-topping behavior which is thought to occur in

stoneflies (Stewart 1994, K. D. Alexander pers. comm.).

This behavior would explain the paucity of specimens

collected from riparian sweeps as the canopy is well out of
reach of the sweep net.

Fall emergence was similar to summer except that a
diurnal nuptial flight was observed on 15 September. A
swarm of from 3 to 5 males was observed over the head of the
riffle ca. 1.5 h prior to sunset. Males undulated a
vertical distance of about 1 m repeatedly. Females were not
observed flying into the swarm; however, one female was
observed ovipositing upstream of the swarm ca. 1 h prior to

sunset.

Winter emergence was only recorded during daylight

hours. Subimagos were present on the surface of the water
in slow flowing areas. Living and dead subimagos were seen
during all winter collections and were particularly abundant
on top of the water in areas of little or no flow.

Mortality in subimagos appeared high and imagos were always
seen in fewer numbers than subimagos. Spent imagos were
occasionally noted during the winter, suggesting successful
ovipositing. Minimum temperature at which flight was
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observed was 14C. At this temperatures flight was greatly

effected by wind and mayflies were often blown back to the
water's surface.

Diurnal emergence (Fig.ll) and swarming occurred in the
spring. Estimated size of swarms for 15 March, 30 March,
and 12 April were ca. 60, 40, and 10, respectively. Sweeps
of riparian vegetation in the morning and early afternoon

yielded several imaginal males and females, but no
subimagos. A temporal pattern of Falceon quilleri followed
by C. mexicanus was repeated on each of the three occasions
diurnal emergence was observed. A late afternoon swarm of
F. quilleri was observed about 10 m upstream of the study
site. The swarm of F. quilleri disbursed and about 2 h
prior to sunset C. mexicanus began swarming at the same
location. Swarming was located along the stream margin in a
clear area adjacent to a large tree. Associations between
various visual markers and swarming sites, including trees,
are well documented (Eaton 1883-1888, Savolainen 1978) and
it is thought this site acts as such a marker.

Spring swarms consisted of 10-60 male imagos flying in
an a synchronous undulating flight pattern. Males generally
swarmed ca. 1-2 m above the ground, with the height of the
swarm extending as high as about 4 m. Gusts of wind caused
the swarm to disburse with males frequently alighting on
trees. Swarming lasted until around 1 h prior to sunset
after which no males were encountered.
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Lone females were observed flying into the swarm in a

level flight pattern around 2 m above the ground. After

entering a swarm the female was grasped by a male. The two
flew in tandem upwards and out of the swarm to a height that
prevented further observation.

Shortly after swarming ceased (ca. 20 min) an

aggregation of females was observed ovipositing about 15 m
upstream of the study site. Females hovered around 0.25 m
above the waters surface then dropped downward, dipped their
abdomens into the water then flew upward and resumed their
position above the water. This behavior was repeated

several times before all eggs were expelled and the female
died, falling on the water's surface. In other instances
lone females were observed behaving in the same fashion.
Ovipositing was only observed in water greater than 0.5 m
deep in a region from the head of the study site to 15 m

upstream.

Large swarms were seen in early spring only. Nuptial
flights were observed in both spring and fall, such flights
contained as few as three to as many as 60 individuals.

Swarming was only observed during a portion of diurnal
emergence. Nuptial flights likely occur during crepuscular
emergence but were likely not observed due to low light.
Absence of swarming during the diel emergence of 15
September was probably the result of either cooler

temperatures inducing few nymphs to emerge, or because of
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heavy rains may have killed resting subimagos and imagos

(Fig. 3) . The largest swarms observed occurred in early

spring and diminished in size with each subsequent sampling
trip until emergence became crepuscular. Large swarms are
thought to be the result of cooler water temperatures in
winter which are known to synchronize adult emergence in the
spring (Sweeny and Vannote 1981). Smaller swarms were
observed in the spring as synchrony of adult emergence

decreased with the onset of rising water temperatures.

Distinct shifts in the phenology of emergence and
mating were observed (Fig. 12). I hypothesize that these
shifts were temperature dependent phenomena consistent with
the predator avoidance theory proposed by Edmunds and
Edmunds (1979). They suggested that mayflies emerge and
swarm at a time that confers minimal exposure to predators

provided that temperatures are warm enough for flight.

Consequently, almost all tropical mayflies, and many

temperate mayflies that emerge during summer, do so at
night. In situations where predator avoidance is not
critical and exerts little selective pressure, or when only
daylight temperatures are warm enough for flight, emergence
and nuptial flight occur during daylight hours. As a
result, most temperate species from northern latitudes

emerge during daylight hours.

Crepuscular emergence occurred from 29 June 1993 to 26
August 1993 when temperatures at sunset for these dates
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ranged from 21 C to 29 C. Emergence on these dates was

confined to no longer than 1 hr before to 1 h after sunset.
Flight at this time allows C. mexicanus to reduce exposure

to visual predators but meet temperature requirements for
flight. Thus, during the warmest months of the year, C.
mexicanus is active as a subimago or imago during those

times that afford minimal exposure to visual predators.

Temperature decreased sharply on 15 September 1993,

with maximum daytime temperature and temperature at sunset

being 18.3 C and 16.5 C, respectively. Adult C. mexicanus

were observed in nuptial flight during daylight hours, but
was not captured in light traps on this date. Daytime

temperatures met flight requirements, but temperatures after
sunset decreased below those apparently necessary for
flight. A change in emergence phenology was observed that
shifted from a crepuscular to a diurnal emergence.

Temperatures on the subsequent sampling date (6 October

1993) were similar to those of summer, with high, low, and
sunset temperatures being 26.7 C, 15 C, and 24.5 C,

respectively. Diurnal emergence was not observed on this
date; however, the largest crepuscular emergence of the
study was recorded, indicating a shift in phenology from
diurnal to crepuscular. These observations suggest the
shift the emergence phenology is variable and temperature

dependent rather than controlled by changes in day length
sensu stricto. Diurnal emergence was observed on dates with
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sunset temperatures of less than 20 C or lower, which

includes all dates sampled in winter and the first portion
of the spring (27-X through 12-IV). While such a shift in
emergence phenology potentially exposes C. mexicanus to
visual predators it also permits maximal exploitation of
temperatures necessary to reproduce. Additionally,

predation may be minimized at these times as many of the
predators seen feeding on C. mexicanus, most notable
odonates, are encountered in lower numbers in the early
spring than the summer and early fall.

Seasonal Development and Voltinism:

Seasonal growth of C. mexicanus is depicted in Figs.
13-16 and Table 5. Because C. mexicanus reproduces year
round considerable overlap exists in generations making
resolution of discrete generations difficult. A Student-
Newman--Keuls (SNK) multiple range test on ranked data showed
head capsule widths were highly significantly

different (p<0.001) and determined the following

relationship: 15-11-94 > 10-XI-93 = 27-X-93 = 12-IV-94 = 6-
X-93 = 30-111-94 = 22-IX-93 > 6-V-94 = 17-1-94 = 7-11-94 =
29-VI-93 = 10-X-93 = 16-VI-94 > 26-VII-93 = 15-IX-93 = 13-
VII-93 = 15-VII-93 > 1-VI-94, (alpha=0.1) . An SNK MRT on
ranked data showed mean head capsule widths of female
subimagos were highly significantly different (p<0.001,
alpha=0.05) and the following relationship was determined:
06-V-94 > 06-x-93 = 07-11-94 = 01-VI-94 > 29-VII-93 = 13-
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VII-93 = 01-VII-94. Data indicate C. mexicanus is a
multivoltine species. Considerable overlap and year round
reproduction obscure discrete generations; however, there
appear to be three generations The proposed limits of the

generations not including overlap are: Summer; O1-VI to 15-
IX, Fall; 15-IX to 10-Xi, Spring 10-XI to 01-VI.

A 180 gym mesh sieve, thought to be fine enough to
obtain 1st instars, was selected at the start of the study.
Midway through the study; however, a head capsule width of
about 85 ,u was determined for first instar nymphs hatched

from eggs. Subsequent samples taken with a 53 gm mesh sieve
established that previous sampling efforts missed very early
instars. The 53 gum mesh sieve was not adopted for
quantitative sampling because subsequent samples would
contain disproportionate numbers of early instars and would
prevent comparisons of size compositions over time from
being made. As a result, the exact time or times of cohort
eclosion and recruitment cannot be established but must be
inferred.

All summer adults belonged to the same group according
to the SNK MRT which indicates they matured under similar
thermal conditions and supports the hypothesis of a distinct
summer generation. Emergence of the previous spring cohort
left both the density and HCW of the summer population of C.
mexicanus at the lowest observed during my study.
Recruitment occurred in early to mid June and the population
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developed rapidly with HCW being significantly greater (SNK
MRT) in mid to late June (Fig. 15)and pulses of emergence
occurring in July and August (Fig. 16). In association with

the emergence of July and August HCW decreased significantly

and a corresponding trend of decreasing density was also
observed. These mid/late summer adults gave rise to the
subsequent fall generation.

Late summer/early fall collections showed an increase

in nymphal density; however, HCW did not change

significantly. Possible explanations for this phenomenon

are that either sampling error produced the anomaly or that
continuous recruitment balanced maturation of older

individuals. The latter explanation is favored as the
elevated densities were encountered on two sampling dates
and did not decrease until the occurrence of a large flood.

A flood on 14-IX-1993 (Fig. 3) caused a dramatic

decrease in nymphal densities. Mean nymphal density before
and after the spate were 3152 organisms/m2 and 25
organisms/m2 respectively. Although the population showed
substantial recovery by 22-IX-1994 with densities increasing
to 1070 organisms/m2, the long-term effect of flooding on
the benthic population is not clear and density data can not
be relied upon to help determine voltinism during early
fall. Throughout early fall no significant changes in HCW
were observed. Peak faillemergence occurred during mid-fall
(6-X-93) . Subsequent sampling showed a sharp increase in



31
density and a significant decrease in HCW into winter,

likely due to the recruitment of individuals from the

previous, large emergence. This cohort produced the over-
wintering spring generation.

A large emergence in late fall resulted in a nymphal

population in winter composed of significantly smaller

individuals (mean=452 ,um). No significant changes in head

capsule width occurred during the winter. Periods of cooler
temperatures are thought to have synchronized the

development of mayfly populations in the spring cohort. As
temperatures increased the population rapidly matured and
HCWs significantly larger than any other sample date were
observed in early Spring (15-III). Kite diagrams for the
two dates sampled in March show a relatively large portion
of the population was mature (Fig. 14). On 15-III a sharp
decline in benthic densities occurred due to the large
synchronized emergence. As emergence continued a step wise
decrease in HCW was observed throughout spring until HCW
reached their lowest values for the entire study in late
spring. A corresponding decline in C. mexicanus densities
also occurred. These data suggest a relatively distinct

transition from the spring generation into the summer

generation.

Landa (1967) developed a system for classifying

voltinism and developmental cycles for central European
mayflies. Researchers frequently consider North American
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mayfly life histories in the context of Landa's work

(Clifford et al. 1973, Christman and Voshell 1992). The
life history pattern of C. mexicanus most closely

approximates Landa's B-3 pattern in which there are 3

generations. The life history pattern of C. mexicanus

differs from Landa's B-3 in having a summer emerging

generation followed by fall emerging generation rather than
two successive summer generations. McClure and Stewart

(1976) show that the seasonal cycle of Choroterpes mexicanus
(Ephemeroptera: Leptophlebiidae) closely approximates that
of Camelobaetidius mexicanus. Choroterpes mexicanus was
originally described from Honey Creek (as Choroterpes

oklahoma) and likely is multivoltine in Honey Creek as well.
Additional observations of other mayfly species in Honey
conducted during this study indicate Trichorythodes spp.
emerges year around and, likely, is also a multivoltine

species. These data suggest such seasonal patterns might be
more common in southwestern North American mayflies than

previously suspected.

Summary

A population of Camelobaetidius mexicanus was sampled
from June 1993 to June 1994 from Honey Creek, Turner Falls
Park, Davis, Oklahoma. Select life history attributes were
measured or observed. This research marks the first
ecological study for any member of the genus

Camel obaetidi us.
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Males lived a maximum of 3 days (subimago + imago) and

average of 2 days. Average time required for transformation

from subimago to imago in males was 1 day. Females lived a
maximum of 5 days and an average of 3.13 days.

Transformation from subimago to imago required an average of

1.5 days.

Eggs incubated at 23 C hatched in 10 to 12 days.

Fecundity for summer, fall, winter, and spring was 116

eggs/Y, 235 eggs/p, 215 eggs/p, and 337 eggs/v,

respectively. Eggs were oval in shape, had a relatively

smooth and featureless surface, and ranged from an average

size of 147 pum in the spring to 162.3 ,um in winter.

First instars were translucent, lacked gills, and had
two cerci. Total body length excluding cerci was 304 ,m.
Claws of first instars were bilaterally symmetrical with the

main claw produced medially flanked on each side by a series
of denticles. Variability in late instar claw denticle

number was greater than previously known, ranging from 4 to
8 in late instars and 10 in first instars.

Food items ingested by C. mexicanus consisted largely
of algae and diatoms. No seasonal shifts in feeding guild
were evident. Presence of nymphs in guts of Etheostoma spp.
and Lepomis spp. indicated C. mexicanus contributes to
aquatic food webs; observations of Anax sp. feeding on
adults of C. mexicanus showed this species also contributes
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to terrestrial food webs.

Nymphs resided in open areas of the stream where

shallow water flowed over the rock surface and were
frequently encountered in association with small water

falls. Nymphal density was significantly correlated with
flow (p<0.O01, r=0.94, alpha=0.05).

C. mexicanus emerged year round. Two emergence

patterns were observed, crepuscular and diurnal. Timing of
emergence was influenced by temperature.

Three generations per year were evident; a short summer
generation, a fall generation, and spring generation.

Seasonal size variation in subimagos existed with summer
individuals being significantly smaller than fall, winter,
or spring adults ( Student-Newman-Keuls multiple range test,
p<0.001, alpha=0.05).
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Fig. 1. Location of study site.
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Fig. 2. Monthly temperatures during study.
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Fig. 3. Monthly rainfall during study.
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Table 1. Fecundity and egg size in C. mexicanus.
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Number of Eggs

SD

1:2 . 7

35.53

13.74

54.6

N

2

4

3

3

Mean

150.23

151.9

162.3

147

Egg Size (pm)

SD N

8.9 10

13.1 16

6.8 9

14.3 11

Season

Summer

Fall

Winter

Spring

Mean

116

235.25

215

337.67
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Table 2. Number and size of adults collected by month.

Collection method: 0 = visually observed; L = light trap; N

= Aerial net. NA indicates data not available. * = Based

on estimates from swarms.
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Number of Subimagos Number of Imagos Head Capsule Width (gm)
Date Collected Collected

CT Mean SD N

29-VI-93 0 0 2 NA NA NA
15-VII-93 0 0 1 1 NA NA NA

29-VII-93L 4 4 1 1 NA NA NA
13-VIII-93L 9 11 5 3 637 34.3 9
26-VIII-93 NA NA NA NA NA NA NA
15-IX-930  NA NA NA NA NA NA NA
22-IX-93 NA NA NA NA NA NA NA
06-X-1993L 204 111 49 4 799 9.2 16
27-X-930  NA NA NA NA NA NA NA
10-XI-930  NA NA NA NA NA NA NA
10-XII-93* NA NA NA NA NA NA NA
17-I-94 NA NA NA NA NA NA NA
07-II-94N 6 4 3 2 835.5 65 6
15-III-94N NA NA NA 60* NA NA NA
30-III-94N NA NA NA 40* NA NA NA
12-IV-94N NA NA NA 10* NA NA NA
06-V-94L 4 1 0 0 951.5 34.8 4
01-VI-94L 42 10 20 0 836 50.7 157
16-VI-94 0  NA NA NA NA NA NA NA
01-VII-94L 9 5 4 1 638 32.7 9.+4

7
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Fig. 4. Electron micrograph of C. mexicanus eggs (400x).
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Fig. 5. Electron micrograph of first instar C. mexicanus

nymph (200x).
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Table 3. Food items ingested by C. mexicanus.
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Fig. 6. Claw morphology of C. mexicanus.
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Fig. 7. Late instar claws of C. mexicanus showing 8

denticles (top) and 4 denticles (bottom).
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Fig. 8. First instar claw of C. mexicanus (2000x).
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Fig. 9. Late instar claw of C. mexicanus (750x) .
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Table 4. Post nymphal behavior in C. mexicanus.
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Fig. 10. Influence of flow on density in nymphal

populations of C. mexicanus.
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Fig. 11. Crepuscular and diurnal emergence phenologies in

C. mexicanus.
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Fig. 12. Influence of temperature on emergence pattern in

C. mexicanus. C = crepuscular emergence, D = diurnal

emergence.
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Fig. 13. Size kites of nymphal populations of C. mexicanus

29 June, 1993 - 10 November, 1993.
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Fig. 14. Size kites of nymphal populations of C. mexicanus

10 December, 1993 - 16 June, 1994.
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Fig. 15. Box plot of size composition in nymphal

populations of C. mexicanus. Filled circles = 9 5 th and 5th

percentiles; upper and lower bars = 9 0 th and 1 0 th percentiles,

upper and lower box ends = 75th and 2 5th percentiles, middle

line = 5 0 th percentile, dotted line = mean. Curved lines-

proposed generations.
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Fig. 16. Monthly densities of C. mexicanus nymphs.
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Table 5. Summary of size data and monthly densities in C.

mexi canus .
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