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ABSTRACT

A population of Pachydiplax longipennis nymphs was
studied in its natural environment, a traditional

temporary pond, from January 23, 1972, to June 23, 1972.
A total of 2074 nymphs was collected. Morphological
measurements were made and the nymphs were assigned to
the appropriate instar classes. Dynamics of the over-
wintering population, resumption of morphogenesis, and
eclosion revealed that individuals of each class emerged
synchronously both with respect to each other and to

members of the adjacent classes.



POPULATION DYNAMICS OF PACHYDIPLAX
LONGIPENNIS (BURMEISTER) (ODONATA: ANISOPTERA)
OF MONTGOMERY COUNTY, TENNESSEB

A Thesis
Presented to
the Graduate Council of
Austin Peay State University

In Partial Fulfillment
of the Requirements for the Degree

Master of Science

by
Rosemary Tipton Hackney
August 1974



To the Graduate Council:

I am submitting herewith a Thesis written by Rosemary
Tipton Hackney entitled "Population Dynamics of Pachydipleax
longipennis (Burmeister) (Odonata: Anisoptera) of Montgomery
County, Tennessee." I recommend that it be accepted in
partial fulfillment of the requirements of the degree of
Master of Solence, with a major in Biology.

/ Tni
'.Zﬂ%/@ m- AL

ajor Professor

We have read this thesis and

recommend its acceptance:

Second ommi%teo Member

Mg f Lt

Accepted for the Council:




ACKNOWL EDGEMENTS

The author wishes to express her sincere appreciation
for the advice and assistance offered by Dr. Floyd M. Ford,
Department of Blology, Austin Peay State University.

Further acknowledgement is extended to Dr. Charles Boehms
and Dr. Davis Pindley for the reading of this manuscript and
assistance provided during the course of this study.
Appreciation is also given to Dr. David Snyder for his help
in identification of the herptiles and Frank Dodson for his
help in identification of the aquatic flora in this study.

Thanks are extended to my brothers, Timothy and Jeffrey
Tipton, and my sister, Cherrylee Buchanan, for assistance in
the collection of field specimens. I would also like to
extend my appreciation to my aunt, Rita Finley, who offered
her encouragement and assistance during this investigation.
Gratitude is expressed to my grandfather, Roosevelt Lewis,
and my grandmother, Mary Lewis, for their financial and moral
support. I wish to thank my mother and my stepfather,
Harland Gene Bruce, for their financial support, patience,
and encouragement., Gratitude is extended to my husband, Ron,
for his invaluable assistance and patience throughout this
study. Special thanks are expressed to my father, Charles
Gilbert Tipton, in whose memory I wish to dedicate this

manuseript.



TABLE OF CONTENTS

CHAPTER PAGE
I, INTRODUCTION & o o o ¢ o o ¢ o 6 6 6 06 06 6 0 o o
II, LITERATURE REVIEW 4 o« ¢ o o o o ¢ o 6 o ¢ o o o

III. MATERIALS AND METHODS ¢ o o ¢ o o o o o o o o o 9

The Research Animal ., . 4 o o ¢ ¢ ¢ o o o o & 9

The Habitat . o & o o ¢ ¢ o ¢ 06 ¢ 0 0 0o 0o oo 1

Materials o« o« o ¢ o o o o 0 ¢ o 0 0 00000 12

Morphologlcal Measurements + « o « o o o« ¢ o o .13

Recovery of Exuviae . ¢ « ¢ o o ¢ ¢ ¢ o o o o 16
IV. RESHLTS OF FIELD OBSERVATIONS .« o« « o s o o o o 17
The Overwintering Nymphal Population « « o o ¢« 17
Resumption of Morphogenesis . « ¢« ¢« ¢« ¢« ¢« o o 21
Bolosion o ¢ ¢ o ¢ o o o o 0 0 0o 0 0000 ¢« U2

V. DISCUSSION ¢ o « o o o o s o o o o o o o o o o o U4b
The Overwintering Population « ¢ « ¢ ¢ ¢ ¢ ¢ o U6
Resumption of Morphogenesis « ¢ ¢ o o o o ¢ o U7
ECloSi0N o o o o o o o o o 6 ¢ ¢ o o o o o o o U8

VI. SUMMARY . ¢ ¢ o ¢ o o o ¢ ¢ o o o s o 0000 50

LITERANRECITED.oooooooooooooooooo 52



TABLE
I,

11,

III.,

LIST OF TABLES

Per cent composition of instar classes
per field collection from January 23,
1972 to June 23, 1972 = 2 = x =
Per cent composition of instar classes
per field collection of the overwintering
nymphal population from January 23, 1972
toMarch 19, 1972 ., . ¢ ¢ o o o

Per cent composition of instar classes
after resumption of morphogenesis from
April 12, 1972 to May 24, 1972 « ''o o o

Per cent composition of instar classes
after first date of eclosion from
May 25, 1972 to June 23, 1972 .« =« =«

PAGE

18

20

22

Ll



LIST OF FIGURES

FIGURE PAGE

1, Eye Index-frequency histogram of
Pachydiplax lopngipennis collected
in a traditional temporary pond from
January 23, 1972 to June 23, 1972 .« =« 23

2. Seasonal changes in percentage of
collection composed of Ultimate,
Penultimate, and Antepenultimate
instars from January 23, 1972 to
June 23, 1972 o o e 33

3. Length-frequency histogram of
Pachydiplax longipenpis collected
in a traditional temporary pond '
from January 23, 1972 to June 23, 1972 . 34

L. Exuviae collected during eclosion

from May 25, 1972 to June 23, 1972 .+ . L3



CHAPTER I

INTRODUCTION

Under natural conditions, different species of
Odonata vary greatly in the time they take to complete
larval development. The species which take the longest
are almost all iphabitants of permanent upland waters,
Most specles of Anisoptera and Zygoptera there develop in
three years or less. Some species such as Uropetala
carovel and Epiophlebia superstes are known to require
five to six years or longer to complete larval develop-
ment (Corbet, 1963).

Dragonflies which show the most rapid larval develop-
ment are inhabitants of temporary pools in the tropics.
Some species such as Gynacantha vesiculata and Gypagcantha
villosa complete larval development in approximately
seventy days., Other species such as Apax tristis complete
larval development in one hundred days (Corbet, 1963).

Although the envirommental temperature influences
rate of growth, according to Corbet (1963), it is not the
only determinant. Species which develop rapidly in small
pools do so not only because the water temperature is

high, but also because they have high thermal growth

coefficients.



In tropical regions, if sufficient food is available,
it 1s likely that larval growth-rate is a simple resultant
of the thermal growth coefficient and the environmental
temperature. In temperate regions, however, the duration
of larval development is controlled by additional factors,
the main ecological significance of which appears to be
synchronized emergence of the adult (Corbet, 1963).

The most significant factor is the diapause which may
occur in the final larval instar., In Apax imperator, a
semivoltine species studied by Corbet (1963), most larvae
enter the final instar in August. No further visible
growth is apparent throughout the remainder of the summer.
Diapause development is completed in autumn, since it is a
temperature dependent process occurring most rapidly at
about 10 degrees Celsius. Larvae are physiologically
capable of metamorphosing, but are prevented from doing so
until spring because the temperature is still below the
threshold for this process. In this way, emergence is
efficiently synchronized and is restricted to a short
period lasting about fifty days a year.

Many temperate dragonfly species appear to have a
diapause in the final larval instar. These species have
been termed "spring species" by Corbet (1963) since they
usually emerge synchronously and early during the eclosion

period, Dragonflies which do not possess & diapause in

the final larval instar have been termed "summer species"”

and emergence is relatively poorly snychronized.



Because certain Odonata exhibited an emergence which

was widely dispersed, Corbet (1963) olassified them as a

"summer species." Because of its 1life history, Pachydiplax
longipennis was included in this classification.

Eller (1963), in his two year study of seasonal regu-

lation of Pachydiplax longipennis, examined a population
inhabiting & permanent pond in Chapel Hill, North Carolina.

By studying the instars in their natural habitat, he deter-
mined that the most reliable indicator of intermoult
development was the measurement between the mesial ends of
the posteriomesial extensions of the compound eyes. Posi-
tion of the wing sheath was frequently used to determine
stage of nymphal intermoult development., Measurement
across the widest part of the head proved to be the most
reliable single indicator of the instar class. Certain
other measurements such as total body length, body width,
and relative wing length were useful in determining only
the final two or three lnstar classes.

Eller (1963) reported that the life cycle of
Pachydiplax longipennis was primarily univoltine and emer-
gence was well synchronized with individuals of each class

emerging synchronously both with respect to each other and

to members of the adjacent classes. Thus he found

Pachydiplax longipennis different from any
studied by Corbet. Eller (1963) insisted that Pachydiplax

longipennis was & "summer species" with a 1life cycle

"summer species”




similar to that of the "
cynosura,

Paulson and Jenner (1970) after studying Odonata

spring species," Tetragoneuria

nymphs in North Carolina, reported that the spring yersus
summer species classification was valid at high latitudes,
but broke down at the latitude of North Carolina, where
there was a high degree of variance from one type of life
history to another,

The present investigation was undertaken to deter-
mine, under natural conditions, the pattern of develop-
ment in Pachydiplax longipennis nymphs inhabiting a
traditional temporary pond in Tennessee: 1) the compo-
sition of the instar classes and the dominant instar
class 1n the overwintering population; 2) the resump-
tion of morphogenesis; 3) the period of emergence and the
beginning of the flight season.,

The investigation was undertaken, secondly, to deter-
mine if there was any difference between the life history
exhibited by Pachydiplax longipennis in North Carolina

and Pachydiplax longipennis in Tennessee since both areas

of study were located at approximately the same latitude,

but different longitudes.

Thirdly, this study was undertaken to determine if
there was any difference between the life history of a
population of Pachydiplax longipennis nymphs ‘inhabiting a

ation and a population of Pachydiplax

permanent pond situ

longipennis nymphs inhabiting & temporary pond situation.




CHAPTER II

LITERATURE REVIEW

One of the first reports on the dragonfly fauna of
Tennessee was published by Williamson (1903) His work
on odonate fauna was centered in the Nashville area from
September 3, 1900 to June 7, 1901. His later studies
included a survey of the Odonata of Kentucky, Indiana, and
Tennessee (1923) and a similar study of the Odonata of
Kentucky, Tennessee, North and South Carolina, and Georgia
(1934).

Wilson (1909) collected on the Tennessee River from
Paducah, Kentucky to Riverton, Alabama. That work was
followed by a survey of the Odonata of the Cumberland
River and its valley regions (1912).

The next major work conducted on the odonate fauna
in Tennessee wes by Byers (1931) in the eastern portion
of the state. He collected dragonflies in that area with
emphasis centering on the Sevierville, Gatlinburg, and
Elkmont areas.

By 1937 interest nad shifted to the western portion

of the state, particularly the Reelfoot Lake area.

Koen (1937) made & survey of the odonate fauna at the

Reelfoot Lake area. This study was later followed by

wright (1938).



An extensive study on the dragonflies of the Obey

River and its tributaries, which include drainage areas

of the Cumberland Plateau and the Eastern Highland Rim,
was made by Wright and Shoup (1945). The fauna of the
Central portion of the state including Davidson, Cheatham,
Williamson, and Rutherford Counties were later examined
by Wright (1946).

The preceding studies on the dragonfly fauna were
collected by Kormondy (1957), who compiled them and made
distributional analyses of the odonates of Tennessee.

Other studies in the Southeastern United States were
conducted at Chapel Hill, North Carolina. Eller (1963)
studies the seasonal regulation of Pachydiplax longipennis
(Burmeister). Paulson and Jenner (1970) studied the
population structure in overwintering larval odonates of
North Carolina,

Diapause, as defined by Andrewartha (1952), was a
period in the life cycle, during which, morphogenesis was
more or less at a standstill., It may be consldered as a
stage in physiogenesis which must be completed as a pre-

requisite for the resumption of morphogenesis. Frequently,
which

In

diapause occurred in that stage of the life cycle

was highly adapted to resist rigours of the climate.

species adapted to cool temperate zones of the Northern

Hemisphere, diapause occurred in & stage of the life cycle

which was able to withstand extremes of ¢O
e of value to the species becaus

1d. Diapause

e it
was considered to b



ind
nduced a rhythm ip the life ¢yocle which synchronized

with the rhythm of the environment, This ensured that

the active stages of the 1life ¢éycle should be present when
there was an abundance of food and other components of
the environment which favorsg rapid development and high

survival,

Dragonflies are variably efficient in the extent to
which they achieve seasonal regulation, and ascording to

Corbet et al (1960) it is possible to recognize two
fairly distinot types.,

Dragonflies of the first type have been called
"spring species." These fly early in the year and have a
highly synchronized emergence with an early peak., They
have a short flight season and diapause occurs in the
final instar stage.

The second type is represented by species whioch
emerge later in the year and do not show a close synchro-
nization. Such dragonflies have been called a "summer
species.”" They have a longer flight season and diapause
does not occur in the final instar stage (Corbet et al,

1960; Corbet 1963).
Corbet (1963) discovered that in a "spring species,”

Anax imperator, fifty per cent of the annual emergence

occurred in the first three days and seventy-five per cent

in the first four days of & fifty day emergence period.

Over ninety per cent of the population had emerged in the

"
first ten days of the emergence period. In a "summer



n
species,” Aeschna g¢yanes, which has an emergence period of

comparable duration, fifty per cent of the annual emer-

genoe ocsurred in twenty-rive days and seventy-five per

cent in thirty-three days,

It occasionally happened that dragonflies believed to
be "summer species" were reported to exhibit mass emer-
gence. Corbet (1963) believed that this resulted from the
accumulation of the larval population in a late stage of
metamorphosis from which they were unable to emerge
because the lower temperature threshold for emergence had
not yet been reached.

From the above conditions described by Corbet (1963),
Pachydiplax longipennis was classified as a "summer
species,"

Eller (1963) in his study of the seasonal regulation
of Pachydiplax longipennis found that it was different

from any "summer species" studied by Corbet. Eller (1963)
reported that the life oycle was primarily univoltine and
emergence was well-synchroniged with individuals of each
class emerging synchronously both with respect to each
other and to members of the adjacent classes.

Paulson and Jenner (1970), after studylng Odonata
nymphs in North Carolina, reported that the spring versus

summer species classification was valid at high latitudes,

but broke down at the latitude of North Carolina, where

there was a high degree of variance from one type of life

history to another.



CHAPTER III

MATERTALS AND METHODS

Ihe research animal: Dragonflies (Odonata) belong
to the largest single group of animals, the Inseota.
Insects belong to the phylum Arthropoda, those animals
with a hard, impermeable external skeleton and jointed
appendages. Of the million species of insects, only
about 5,000 species are dragonflies (Corbet et al, 1950).
In Tennessee there have been found 63 species of
Anisoptera and 29 species of Zygoptera (Kormandy, 1957).

Pachydiplax longipennis (Burmeister), the Blue

Pirate (Needham and Heywood, 1929), is one of the most
common dragonfly species of Tennessee. The nymph is
smooth and depressed of body, with a wide head (Needham
and Westfall, 1955)., The total body length is 17 milli-
meters; the length of the abdomen is 10 millimeters; and

the epiproct, 2.3 millimeters; the cerci, 1.1 milli-

meters; and the paraprocts, 3,4 millimeters. The

antennae are 7-segmented, ringed with dark brown bands on

segments II, III, and VI. The prementum has & 9-10

palpal setae and 12-13 prementa
On segments VIII and IX ©

1 setaes, There are no

f the body are
dorsal hooks.
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located lateral abdominal spines. The abdominal spine on

segment VIII is one-fourth the length of its perspective

segment, and the spine on segment IX is one-third the

length of its segment. Coloration of the nymph is cream

with dark bands (Musser, 1962),

Pachydiplax longipennis is considered by Kormondy
(1957) to be transcontinental in distribution in the
United States. Needham and Westfall (1955) consider it to
be a species of common occurrence and wide distribution
with a range from British Columbia, Manitoba, and Ontario
in Canada to Mexico, Baja California, the Bermudas, and
the Bahamas.

The nymphs of Pachydiplax longipennis are found in a
variety of habitats such as lakes, ponds, rivers, and
creeks (Wright, 1946). Bick (1950) found most of his
nymphs in static water with mud bottoms. The nymphs are
typical inhabitants of the vegetated areas of ponds and
lakes (Wright and Shoup, 1945), and are most abundant in
areas around floating and emergent vegetation (Williamson,
1903; Koen, 1937; Wright and Shoup, 1945; Wright, 1946;

Needham and Westfall, 1955; Eller, 1963).

Most 1ife-history or 1ife oycle studies have been
or artificial and usually

1964). A more

concerned with rearing nymphs und
variable conditions (Lutz and Jenner,
thod of studying patterns of nympha
gularly, populations in nature

1 develop-
desirable me

ment is to sample re

throughout the year. This method has been utilized
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effectively by Corbet (1957) and Eller (1963) on
Pachydiplax longipennis, Lutz and Jenner (1964) on
Tetragopneuria cyposura, Kormondy and Gower (1965) and

Paulson and Jenner (1970) on a variety of species of
dragonflies,

The habitat: An overwintering nymphal population of

Pachydiplax longipennis was studied in a temporary pond

located on the Stroudsville Road approximately two miles
east of Sango and ten miles east of Clarksville,
Tennessee, The one-fourth acre pond was situated in the
corner of an open field used for cultivation. The pond
varied in depth from a few centimeters on the margins to a
meter in the central area. In periods of extreme climatic
drought, it was reduced to a dry bed.

In the summer the entire surface was characterized by
thick growths of emergent Typha latifolia. The leaves of
Typha grew to a height of two to two and one-half meters
when mature, and in the winter left thick stands of dry
stalks scattered throughout the entire surface area. The
subsurface masses of decaying stems, leaves, and other
debris furnished shelter for the overwintering nymphs.

In addition to Typhe latifolia, other minor plants

associated with the habitat were Alisma subcordatum and
The perimeter of the pond was ringed

Ludwigia pulustris.
Salix

by Liguidamber styraciflua, Plantanus occidentalis,

nigra, and Rubus argutus.
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Large populations of amphipods, cladocerans,

annelids, and the larvae of several orders of insects,

dominated by Ephemeroptera (mayflies) and Plecoptera

(stoneflies), provided sufficient food to support the

populations of Odonata nymphs,

In addition to 22291912125; nymphs of Sympetrum sp.,
Apex junius, Aeschna sp., Somatachlora sp., and Libellula
8p. were present in the population structure of the pond.
Cannibalism occasionally oceurred among the different
species, both interspecifically and intraspecifically.
However, the chief predators of the Odonata mymphs were
the frogs Hyla crucifer, Pseudacris pigrita, and Rana sp.;

the salamander Notophthalmus viridescens louisianensis;
the crayfish Cambarus sp.; and the sunfish Lepomis sp,

Thermal conditions within the pond were recorded on a
monthly basis. In the winter a vertical gradient existed
in the deeper central area of the pond., Differences of
-7 degrees Celsius were recorded between the bottom and
surface waters. A layer of ice, varying in thickness from

one to two centimeters, covered over ninety per cent of

the surface area during the months of January and February.

In the spring and summer months, no vertical gradient was

present between the bottom and surface waters, By

June 20, the water temperature had attained a reading of

thirty-two degrees Celsius.
¢ 2074 Pachydiplax

Materials: Twenty collections ©
pond between

longipennis nymphs were made in & temporary
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January 2 1
¥ 23, 1972 anq June 23, 1972, Collections varied

from 26 to 140 Nymphs with ap average

of 100, During the
winter, monthly collections were made

In April, after

resumption of morphogenesis, weekly collections were

mede. Between May 25 ang June 23
’

were made,

biweekly collections

A triangular "Tuptox" dip net was used to capture

the nymphs from the pond. It wag necessary to place the

debris into white enameleq pPans where sighting of the

smaller instars depended mainly upon their movements. The
nymphs would swim freely when the debris was agitated.

After capture, the nymphs were transported to the
laboratory in buckets of water. After identification was
made and morphological measurements were recorded, the
nymphs were returned to the pond,

Morphological measurements: To facilitate measure-

ment, nymphs were placed individually into small specimen
jar 1lids which had white linings. Measurements were then
made with an "Apsco Stereograph Model A 0202" binocular

dissecting microscope equipped with 10x objectives and

5x oculars. The right ocular contained & micrometer, on

which, the units were calibrated to 0,03 millimeters at

a resolution of 50x.
To determine instar class, & total of six morpholog-
ical measurements were made and recorded for each specimen;

tive wi
the total body length, the body width, the relative wing



length, the positiop of the wing sheaths, the distance

between the Posteriomesgia] extensions of the compound

eyes, and the head width,

Measurement of total body length included the dis-
tance between the anterior margin of the head and the

posterior tips of the paraprocts. The results found by

Eller (1963) proved total body length to be useful only
for separation of the final three instar classes. Total
body length was completely unrelisble in the smaller
classes due to the degree of overlap in measurements
between these instar classes.

The body width was measured at the widest point, the
posterior margin of the sixth abdominal segment.,

The abdominal segment adjacent to the posterior tip
of the wing sheath was recorded as an index of relative
wing length., Eller (1963) found that the number of abdom-
inal segments covered by the metathoracic wing sheath was
invariably discontinuous only in the final two instar
classes, Relative wing length measurements were subject
to error due to the different degrees of contraction of

the abdominal segments by the nymphs.
The position of the wing sheaths was frequently used

to determine stages of nymphal intermoult development.

Eller (1963) recognized three stages: teneral, the stage

containing newly moulted nymphs OF new recruits; inter-

mediate, the stage of nymphal developmen
tage prior to moulting.

t between moults;

Pre-moulting, the s
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In the te
neral stage, the mesothoracic wing sheaths

ob
are obscured by the metathoracic sheaths except along

their mesial borders, Inner mergins of the distal ends of

the metathoracic sheaths may toush one another in the mid-
line (Eller, 1963),

In the intermediate intermoult stage, there is an

unfolding of the metathoracic wing sheaths as they gradu-

ally diverge from one another.

The pre-moulting intermoult stage was marked by
heavy, granular bodies appearing in the wing pads, the
undeveloped wings of the nymphs,

The compound eyes in each of the instar classes were
characterized by narrow, attenuated posteriomesial exten-
sions which were rendered very conspicuous by dense black
pigment. Eller (1963) determined that the measurement
between the mesial ends of the extensions of the compound
eyes was the most reliable indicator of intermoult
development. From his measurements, he devised an "Eye

Index" scale which provided parameters for delimiting

intermoult development.

Measurements taken across the widest part of the head

were used to place the instars into classes., Eller (1963)

determined that the head width measurements proved to be

the most reliable single indicator of the instar class,

Based on the measurements from his study, he devised a

n which placed & nymph int
the Antepenultimate-minus-

o one of the
"Head Width Index

six observed instar classes;



three (A-3), the Antepenultimate-minus-two (A-2), the
Antepenultimate-minus one (A-1), the Antepenultimate (A),
the Penultimate (P), and the Ultimate (U).

Recovery of Exuviase: 1In an effort to establish the
beginning of seasonal emergence of the imagoes and the
rate at which it occurred, the exuviae were collected.
Because of the density of the vegetation and the surface
area of the pond, one-fourth of the area was designated

for collection of the exuviae,



CHAPTER 1v

RESULTS oF FIELD OBSERVATIONS

Population dynamics of Paghyag lax longipennis were

studies over a six month period between January 23, 1972

and June 23, 1972, Nymphs were measured and assigned into

appropriate instar clasgses by using Eller's (1963) head-

width frequency histogram. The per cent composition of

each instar class was then computed for each collection
date (Table I). For organizational purposes these data

were analyzed from three different aspects: the over-
wintering nymphal population; the population structure
after the resumption of morphogenesis; the population

structure after the first date of eclosion.

The overwintering nymphal population: The over-
wintering population was studied from January to March.

The water temperature during this period ranged from
L, degrees Celsius in January to 16 degrees Celsius at the
later part of March. During that time, the nymphal popu-

lation had reached a plateau in development and maintained

a constant class composition.

Five instar classes were encountered with the Ante-

penultimates being the dominant class (Table II). The

average per cent composition of each instar class of the
: ti-

overwintering population was &3 follows: the Antepenul

3,85 per cent; the Antepenul timate-

mate-minus two (A-2),



per cent composition of in
from January 23, 1972 to J

TABLE I

18

star classes pe
une 23, 1972 per field collection

§ ; Nug:gr :f specimens collected
2 = stages preceding the Antepenultimat
i TaiopaaE Rumcstioe the Intepeminse.
P = Penultinmates
U = Ultimates
Date - A-2_ A-]1 _A P U
Jan, 23 6y 1.56 21.88  L46.88  26.69 0,00
Feb. 25 90  6.67 16.67  L46.67 26,67 3,33
Mar, 18 120 3.33 20,00  L46.67  23.33 6.67
Ap. 12 125 8.80 20,00 32.00 36,80 2.40
Ap. 19 139 0.00  17.98  28.06  L6.76 7.19
Ap. 27 111 2.70  30.63  15.32  L5.04 6.31
May 10 103 0.00 8.74 9.80  55.34  25.24
May 15 116 0.00 6.90 10,34 5172  31.03
May 17 115  0.00 1.74 3.48  51.30  L43.48
May 22 103 0,00 097 5.82 42,72 50.48
May 2l 105  0.00 0.00 0.95  33.33  65.71
May 25 114  0.00 0.88 1.75 3421 63-1:
June 1 116  0.00 0.00 2,59 31.03 663
1.9, 19.k2  78.64

June 6 103  0.00 0.00 .

0 1.92 5.71 233
June 9 104  0.00 0.0
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TABLE I

(continued)

Date K A2 a:)  a P U
June 12 110 0.00 0.00 0.91 6.36 92,73
June 15 140 0,00 0.00 0.71 4.28  95.00
June 19 118 0.00 0.00 0.00 1.69 98.31
June 22 52 0.00 0.00 0.00 9.62  90.38
June 23 26 0,00 0,00 0,00 3.85  96.15
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of the overwintering
to March 18, 1972

N = Number of specimeng collected

A1 = one stess proccsdin the Anbepomseyimate

H e

U = Ultimates
Month N A-2 A-1 A P U
Jan., 64  1.56 21.88  46.88  29.69 0.00
Feb, 90 6.67 16.67 46,67 26,67 3.33
Mar, 120 3.33 20,0 46.67 23.33 6.67
Average 91 3.85 19,52 46,67 26,56 3.33




21

inus-one (A-
. ® feb)s 19,52 pox ¢ent; the Antepenultimate

(A), 46.74 per cent; the Penultimate (P), 26.56 per

cent; and the Ultimate (U), 3.33 per —

Re sum
tion of mopr hogenesis: The first indication

i
er temperature had attained a
reading of 23 degrees Celsius, 4t that time, the per
cent composition of each of the five observed instar
classes were as follows: 4-2, 8,80 per cent; A-1,
20.0 per cent; Antepenultimate, 32,0 per cent;
Penultimate, 36.8 per cent; and Ultimate; 2.4 per cent.
There was a noticeable shift in dominance from the Ante-
penultimate class to the Penultimate class (Table III).

The most reliable indicator of intermoult develop-
ment was the measurement between the mesial ends of the
extensions of the compound eyes. Those measurements
were compared to Eller's (1963) Eye Index which provided
parameters for delimiting instar classes into teneral,
intermediate, and pre-moulting instars.

Eye Index measurements for denoting teneral or newly
e 1.20 millimeters for the A-1, Ante-
classes and 0,96 milli-

moulted instars wer

penultimate, and Penultimate
Eye Index-frequency

) illus-

meters for the Ultimate class.
each collection date (Figure 1.

histograms for
{nstar classes at points of

trate percentages of the

instar class exchange.
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TABLE III

Per cent composition of ing

tar classe
morphogenesis from April 12, 1972 to ﬁa;rgﬁf;‘ {;f;gmption of

N = Number of specimens collected

A-2 = two stages preceding the Antepenultimate

1 g o e e el

U = Ultimates
Date N A-2 A-1 A2 P U
Ap. 12 125  8.80 20.00 32,00 36,80  2.40
Ap. 19 139 0,00 17.98 28,06  46.76  T.19
Ap. 27 111 2.70 30,63  15.32  L45.04  6.31
May 10 103 0,00 8.74 9.80  55.34 25.24
May 15 116 0,00 6.90 10,34  51.72 31.03
May 17 115 0.00 1.74 3,48 51,30 L3.46
May 22 103 0,00 0.97 5.82  h2.72  50.48

; 3,33 65.71
May 2l 105  0.00 0,00 0.95 3
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Figure 1. Eye Index-frequency histogram £
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On April 12
» the firgst teneral instarsg appeared in

the population (Figure 1,)
*/+ Tenerals ywere
found to be

present in the A-], Antepenultimate, and Penultimate

classes at that time, Tenerals in the Ultimate class

did not appear in the Popul ation until April 19
As the water temperature roge to 25 degrees Celsius
in May, morphogenesis and ecdysis began to express them-

selves Dy the rapld decline and disappesrance of nymphs

from the instar classes. By May 10 there were no A-2

instars in the population. The A-1 and Antepenultimate
classes together comprised less than 20 per cent of the
total population. The Penultimate class contained over
55 per cent and the Ultimate class approximately 25 per
cent of the population. A major shift had occurred in
the population, with the Penultimate class reaching its
peak (Figure 2.). The Ultimate class had begun to gain

numbers, but at a slow rate.

By May 24 the A-1 class had disappeared from the

population with the Antepenultimate class containing less

than 1 per cent of the total population. The Penultimate

class had declined in numbers to 33 per cent of the popu-

t
lation and the Ultimate class dominated with 65 per cen

of the total population (Table III).

Progression of instars from the earliest classes
to the Ultimate class was best {11ustrated in Length-
frequency histograms (Figure 3,), Percent composition



Per cent compgsition of instars

Figure 2. Seasona] ¢
hanges ip
Perc
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e,

instars from January 23
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Figure 3.

Per cent composition of instar classes

20
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of length for each instap class yag computeqd
ed for each

The largest Percents

had & body length of -7 nillimetepg:
L]

collection date,
8¢ of A-2 instarg

the A-1 ingten
8-9 millimeters; the Antepenultimate inst .
ar

meters, the Penultimate instars, 12-13 millimet
eters; and

the Ultimate instars, 16-17 mi1limeteps

Eclosion: Emergence of the fipst imago oceurreq
on May 25. The date of eclosion Was established by

collection of exuviae (Pigure |,), The first exuvia was

collected on May 25. No other exuviae were shed until
June 1. By June 9 the rate of emergence had reached its
peak. June 12 through June 19 had become a period of
stability in which a plateau was attained. On June 22

the rate of emergence had declined and proceeded with a

downward trend.
The population structure of the nymphs remaining in

the pond at the time of eclosion was restricted to the

final three instar classes (Table IV). The Antepenulti-

mate class comprised 2 per cent of the population; the

Penultimate class, 34 per cent; and the Ultimate class,

63 per cent.

ith
The appearance of the first pre-moulting instar w

red on May 15

an eye index measurement of 0 occur
n the first

e
(Figure 1.), A ten dey 1ag occurred betwe
nd emergence of the fi
the Penultimate class

rst imago.
0 eye index measurement &

The last teneral instar in

in
After that date, the remaining

was found on June 6.
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per cent composition of instar classe

TABLE IV

pclosion from May 25, 1972 to June 23? ;g_}igr first date of

N = Nm:ber zf specimens collected

.» = two stages

ﬁ:_i = oY stage pggzggg;zgtzgeAﬁrétepenultimate

A= Antepsnultimates epenultimate

p = Penultimates

U = Ultimates
—
amm——
Date N A-2 A-1 A P U
Mey 25 11 0,00 0.88 1.75 34.21 63,16
June 6 103 0.00 0.00 1.94 19,42 78,64
June 9 104,  0.00 0.00 1.92 5.77  92.31
June 12 110 0.00 0.00 0.91 6.36 92.73
June 15 140 0.00 0,00 0.71 L.28 95,00
June 19 118 0.00 0.00 0.00 1.69  968.31
June 22 52 0.00 0,00 0.00 9.62 90.38
June 23 26 0.00 0,00 0.0 3.85  96.15




The length-frequency histogram of June 6 denoted a
high percentage of the Ultimate clags at the 17 milli-
meter measurement (Figure 3.) The June 19 length-
frequency histogram illustrated the great migration of
all instar classes Into the Ultimate clags. The Penulti-
mate class, with a mean body length of 12 millimeters,
comprised less than 2 per cent of the total population.
The remaining 98 per cent of the population, of which
approximately 35 per cent had a mean length of 17 milli-

meters, were contained in the Ultimate class (Figure 3.).



DISCUsSION

The overwintering population; Andrewartha (19)

termed the diapause stage as Meaning that stage in th
n the

1ife cycle during which morphogenesis was mope or 1 t
ess a

a standstill. Physiologieal development, which occurred
during the dispause stage in preparation fop the active
resumption of morphogenesis, was referred to as diapause
development. It was found that morphogenesis would not
proceed from certain stages unless exposed to low tem-
peratures within a range which would permit diapause
development (5-13 degrees Celsius).

The constant state of the composition of the over-
wintering population (Table II) was maintained because
morphogenesis had come to a standstill, This was attri-
buted to the low temperatures which were in effect at
that period of nymphal development.

Five instar classes comprised the overwintering

population with the Antepenultimates being the dominant

class. The Ultimate class accounted for 3,33 per cent of

The presence of that instar ¢

£ a semivoltine 1ife cycle for

lass
the total population.

Indicated the possibility o
ults agree

this species in a temporary pond., These res

ermanent pond.

a
with study conducted by Eller (1963) in & P
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The cooler temperatupreg of autum
n sl

ow
genesis in the instar classeg, ed morpho-

Morphogenesis In the

population ceased when the winter temperat
ures

Thus the Ultimate instars in the Population could not
attain the goal of eclosion until the higher temperatures
of spring allowed morphogenesis to resume (Figure 1,),
This phenomenon has been noted in several life cycles by
Corbet et al (1960).

Eller (1963) in his study of seasonal regulation of
Pachydiplax longlpennis, reported that the instar class

composition of the nymphal population remained constant
from the termination of morphogenesis in the autumn until
its resumption in the spring. His results showed that
five instar classes, dominated by the Antepenultimate
class, comprised the overwintering population. 0f the
total population, he found that 97-98 per cent of the
population displayed & univoltine life cycle while the

remaining 2-3 per cent were semivoltine.

2
Resumption of morphogenesis: Andrewartha (1952)

1sius)
found that high temperatures (17-35 degrees Ce
Morphogenesis

Permitted the progression of morphogenesis.
y Eller (1963) to

in Pachydiplax longipennis wés found b

ius.
occur most favorably at 22 degrees Cels



was observed at the firgt pPart of appiy The ri
. ® rise in
water temperature to 23 degrees Celsius wa

8 considereq the
chief factor in the Progression of morphogenesis ang

ecdysis. At that time, a shirt in the Population hag
occurred with emphasis on the Penul timate class

The high
rate at which the population moved into the ney cl

asses
was regulated by morphogenesis and ecdysis,

The first tenerals or new recruits were observed on
april 12 (Figure 1.). The tenerals of the Antepenul timate-
minus-one, the Antepenultimate, and the Penultimate
classes were delimited by a 1,2 millimeter eye index
measurement. The tenerals of the Ultimate class were
delimited by a 0.96 millimeter eye index measurement,

By May 10 the Antepenultimate-minus-two instars no
longer comprised a ¢lass in the population structure.
May 24 marked the disappearance of the Antepenultimate-
minus-one class from the population. The Antepenultimate
class persisted for almost a month after the loss of the

timate
former classes; however, on June 19 the Antepenul

of
class, too, succumbed to the migratory pressures

morphogenesis and ecdysis.
tudy, emergence of the
Eller (1963) found

In both instances,

Eclosion: 1In the present s
first imago was observed on May 25.

23.
that his populations emerged on May

termined bY collection of
e

the dates of emergence were d

the exuvise.
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The first exuvia yag Collecteq on M

4Y 25. Beo
of a stationary cold front in the — auge

» the watep te
m! -
ature was lowered by 9 degrees Celsing o

Thus & pepqoq of
ther imago. B

ago
Then the appearance of a secong stationary

one week passed without emergence of gpg
Y

®8 again emerged,

cold frong

June 1 the temperature hag risen and inm

delayed emergence until June 6. The peak of emergence wag

observed on June 9. The emerging population reached a
plateau between the dates of June 12 and June 19, By
June 22 the rate of emergence hag declined rapidly
(Figure 4.). This condition was attributeg to the deple-
tion of the Ultimate class from the population,

Eller (1963) made a thorough study of a population
of Pachydiplax longipennis inhabiting a permanent pond in
Chapel Hill, North Carolina., He has suggested that it is
a "summer species" with a life cycle similar to that of
the "spring species," Tetragoneuria cynosura, later studied
by Lutz and Jenner (1964). The structure of the over-
wintering population, the resumption of morphogenesis,

tud
and the period of eclosion as observed in the present study

1963).
were in agreement with the results found by Eller (1963

orary
Pachydiplax longipennis inhabiting a traditional temp
pond situation exhibited a 1ife hi

biti
lation of Pachydiplax longipennis inha

jtude b
pond situation. The differences 0 AERE life
o no effect on the

story simolar to & popu-

ng & permanont

etween the

two populetions seemed to hav
is,
history of Pachydiplax longipenn:zs




CHAPTER VI

SUMMARY

The present investigation wag undertaken t
0 deter-

mine the pattern of development ip Pach
=2eaydiplex longipennis

nymphs in & temporary pond situation ip nature: 1) n
¢ )

composition of the instar classes and the dominant i
nstar

class in the overwintering population; 2) the resumption

of morphogenesis; 3) the period of emergence and the

beginning of the flight season.

Instar class composition remained stable throughout
the winter months., Five instar classes comprised the
overwintering nymphal population with the Antepenultimates
being the dominant class.

In the first week of April, a shift in the population
structure had taken place with emphasis on the Penultimate

class, By May 10 the Antepenul timate-minus-two instars

were no longer found in the field collections. After

May 2l the Antepenultimate-minus-one class Was po longer

present in the field collections. By June 19 the Ante-

r found in the field collec~-

pneultimate class was no longe
n May 25. The peak

tions, Emergence was first observed O

ence
y occurred apound Ju Emerg

ne 9.
of emergence apparentl J 19

o une 17e
became stationary and remained constant thr ugh



» June 22 the rate of
emergen
c
e declined rapi
dly
o« An

Afve
\ austive search
i conducted on J
oo = une 2
ym ema -
ining in the te N
mporar
xn y pond

gwenty
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