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ABSTRACT

Specimens of Gerris remigis Say and Gerris buenoi Kirkaldy

were studied in the field and laboratory. Life history, ovarian cycle
and changes in weight were studied in the field or from field specimens
while egg and nymphal development, reproductive diapause and winter

inactivity were studied in the laboratory.

Adults of both species emerged the first week of August 1974,
entered obligatory reproductive diapause and inactivity in the fall and
resumed activity in the spring. Copulation took place from April on,
oviposition occurred for the first time 19. - 20. June in G. remigis and
G. buenoi and a second time 28. - 29. June for G. buenoi. Nymphs of
both species appeared 1. July 1974, and moulted five times in about 5

weeks in the field.

Both species follow a yearly ovarian cycle. Rudiments appear
and develop serially from posterior to anterior in each of 4 ovarioles
in 2 ovaries. G. remigis develops 6 eggs per ovariole without a break
while G. buenoi develops 3 per ovariole, ovulates and oviposits these
and repeats the process. G. remigis starts ovarian development in the

fall while G. buenoi starts in the spring.

Changes in weight throughout the summer can be accounted for in part

by changes in the ovarian cycle, appearance of new adults and, in late



summer deposition of f . reserves.

Exposure to 5° = 10° ¢, 15° ¢ and 20° C at 8 hours light
to 16 hours dark (8L : 16D), 12L : 12D and 16L : 8D failed to break

reproductive diapause * inactivity.

Higher temperat -es and longer photoperiods inhibited the 1limited
amount of ovarian deve >pment that is carried out in the fall. None of
the regimes had any el 2ct on the ovaries of G. buenoi. The lower the

temperature and the the photoperiod the more of both species

survived the regimes.
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from the 1ife history were studied in further detail in the field and in
the laboratory. These included inactivity over the winter months, average
body weight changes th »ughout activity, oviposition, copulation and nym-

phal development.

METHODS AND MATERIALS
Sample collecting

During 1973 samples of Ge ric vemigis were collected from a stream
at Logy Bay in an area described by Picl vance et al. (1970). During 1974
the species was collected from Mé¢ uels River, just below the bridge (IN/10
535,646). G. buenoi was collected from pools at Logy Bay (IN/10 748 755)
(Pickavance et al. 1970) and Gloria's Pond (IN/10 744 753). 1In 1973 large

numbers for laboratory experiments were collected from Kents Pond (IN/10

700716).

Both nymphs and adults were caught with a standard dip net and

retained in damp containers.

Samples of both species ‘e collected at least three times a
week except during the weeks of 1ly 8. - 14., and September 19. - 25.,
1974.

Field collections starte 1. May in 1973, after the insects became

active, and on 7. March 1974, be >re they became active.

Collections ceased 7. Oc >ber in bc 1 years for G. buenoi and 15.

November in both years for G. re igis.



pissections and weighing.

Except when insects were needed for laboratory experiments gerrids
were dissected the day they were collected. Before dissection each was
weighed on a Mettler H 34 balance to an accuracy of 0.1 mg. As far as
could be ascertained collected gerrids carried no water so it was not

considered necessary to blot dry before weighing.

Dissections were made in .08 % saline. Insects were pinned through
the mesothorax into wax. The abdominal plate was lifted and the ovaries
removed. In 1974 photographs were taken with a Zeiss camera / Zeiss dis-
secting microscope system. The state of the fat body and gut contents
were recorded. The dissected insects and ovaries were fixed in Bouins

fluid.

Marking
A1l gerrids used in laboratory experiments were marked with

"Practa'namel” paint. Spots of colored paint were placed according to

the following scheme :

2
7
Q

w

Thorax

[

5

Any gerrids that accidentally received paint on the sense organs
or joints were discarded. 25 specimens were weighed before and after mar-

king. No difference in weight was detectable on the balance used.
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and as a result there was an increase in average weiaht. Several
gerrids which had ovip sited and had not yet started developing again
were collected but were not enough to cancel out the apparent increase
in weight. At week 15 there is a decrease in weight because gerrids
collected had o' ~ies from which some of the second batch of eggs had
been laid. Empty ovaries were never found after this oviposition since
it was followed by death. The appearance of new adults caused a

considerable drop in average weight at week 16.

New adults increased in weight over weeks 16 to 17 but fat was
not being deposited and there was no ovarian development. Fat body was
laid down rapidly between weeks 17 and 20 resulting in an overall increase
in weight. The drop at week 19 is nexplicable in terms of fat body. A
mc sture loss by gerrids of both species was recor 1 in the laboratory
before they become inactive there. Presumably this also happened in the
field for just before the gerrids became inactive for the winter there

was a relatively large ¢ > in weight (weeks 21 and 22).

Changes in average body weight of female G. buenoi of known ovarian
stage based on field and laboratory specimens are shown in Fig. 5.
Reference will be made to points which correspond to stages of the
ovarian cycle already described. As a result of the manner in which the
data for this graph were selected, the increase in weight from early spring
until they lay for the first time is more gradual than in Fig. 4. The
first layina is more obvious and is indicated by a sharp weight reduction

at week 7.
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In points 7 - 10 more developing rudiments were near completion
and caused an increase in weight. The second laying is indicated by a
drop at point 11. Since death follows the second oviposition records
for point 11 are made up of gerrids that had not completed oviposition.
New adults are very light (point 13). Weight increases after emergence
as adults are seen at points 12 and 13. The increase due to fat deposit-
ion is seen at points 13 and 14. Gerrids which gave off moisture and
subsequently became inactive within a couple of days were lighter than

those with equal fat body but which were still active (points 14 and 15).

Changes in average weights of female G. remigis throughout activity
in the field are shown in Fig. 6. During week 1 gerrids had a large amount
of food in their gquts and this inflated the average weight. Ovaries
continued development. During week 1 the first 3 rudiments of the 6 - 8
visible per ovariole had yo”'. However, the amount of food found in the
gut of each gerrid decreased and after 3 similar amounts were found
in each gerrid. The drop in weight stopped at week 3 when the second
and third rudiments in each ovariole had taken egg shape and the fourth,

fifth ar ;ixth had yolk present.

Further ovarian development is usually accompanied by an increase
in weight. This was not the case at week 3. Besides the decrease in
food content a small amount of the drop could be accounted for by the
loss of traces of fat body. After this the development of rudiments con-

tinued but apparently not fast enough to account fo' .uch an increase as
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was recorded at week 4. During weeks 4 - 5 the fourth rudiment in each
ovariole developed more and the fifth and sixth followed them. From this
an increase in weight might be expected but in fact a drop in average
weight was recorded (week 5). As development continued the first rudiment
in each ovariole became an egg and the other rudiments progressed corres-
pondingly, up to week 6. At week 6 the average weight is further reduced,
not as expected increased. After week 7 the average w E increased
again. At week 8 the second egg in each ovariole had ovulated. Yolk was
present as far back as the tenth rudiment. There was a weight reduction
on the graph at this point which cannot be accounted for by any event in

the ovarian cycle.

During week 9 there were as many as 4 eggs per ovariole and ovu-
lated. The fifth and sixth rudiments were nearly completed and yolk was
present back to rudiment 12. This development could account for some of
the weight increase from week 9 to 10. Oviposition started in the midd 2
of week 9 (19. June). Oviposition should have either reduced the average
weight or prevented a further increase. Gerrids which had oviposited
were much lighter than those which had not, approximately 48.3 mg as com-
pared to 60.5 mg and more. Oviposition continued through week 10 and
the rise in average weight is similarly inexplicable. After this time
collections consisted of gerrids that were either fully developed or
were half empty; this should have resulted in an apparent increase in

average weight but weight dropped at point 11. During week 12 collect ns

continued to include gerrids which had fully developed ovaries or those



630

670

1 2 3 4 5
Figure 7 Average weitts of fenale Gremigis af hoown ovarian stages

6 7
OVARIAN  STAGE

12

6%



50

that had not completed oviposition. As a result an apparent increase
in average weight is seen at week 12. In weeks 14, 15 and 16 the re-
maining gerrids were ovipositing and thus a drop in average weight can

be seen at the corresponding weeks on the graph.

At week 17 there was a drastic decrease in average weight due
to the appearance of very light new adults (week 17). Between weeks 18
and 25 there was an overall increase in average weight. This is also
shown in Fig. . After the initial inexplicable weight gain of new adults
(weeks 18 - 22), further gains were recorded (weeks 23 - 25) due to
deposition of fat. A drop presumably due to water loss before inactivity

is recorded at week 26.

Changes in average body weight of female G. remigis of known
ovarian stage, based on laboratory and field observations, are shown
in Fig. 7. Even though the ovarian stages are known there is an unusual
rise in weight at the beginning at point 2. The only difference between
gerrids used in calculating weights for points 1 and 2 was that those at
point 2 had more food in the gut while those at 1 had none. Thus 2e ng
led to a large weight increase. After this the average weight droppe
(week 3). These gerrids and all after these had some food in their g :s
but never as much as at point 2. The drop may have represented a level-
ling off of the food content in the population and thus no further dr ;tic
difference in food content appeared after this. At point 1 2nd 2 he
ovaries had resumed development after the winter. There was yolk present

in rudiments 1, 2 and 3 of the 6 - 8 rudiments in each ovariole. This
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increase in ovary content was not reflected in average weights due to

the way the gerrids fed.

Between points 3 and 7 there was a steady increase in average
weight. At point 3 there was one egg per ovariole plus 5 rudiments with
yolk. At point 4 the ovaries had 2 eggs per ovariole often with 1 per
ovariole ovulated. Eggs plus rudiments numbered 12 with yolk up to at
least rudiment number 7. At point 5 there were 3 eggs per ovariole with
corresponding increases in rudiment development. At point 6 there were
4 eggs per ovariole and at point 7 there were 5 eggs per ovariole. The
increase is obviously due to ovarian development and is > clearly
seen than in Fig. . Oviposition is obvious and is indicated by a sharp
dip at point 8. New adults were very light and as a result there is a
further reduction at point 9. Increases after emergence of adults are
seen after point 9 - 10. The increase due to fat deposition is seen at
point 11; 9 gerrids used in calculating this mean had deposited relative-
ly large amounts of fat body, but no ovarian development had started.

A further increase in the amount of fat deposited and the beginning of
ovarian development is accompanied by another increase at point 12.

At this point there were 5 rudiments per ovariole with traces of yolk
in the first 2. Laboratory gerrids which gave off moisture and subse-
quently became inactive within a couple of days were lighter than those

with equal fat body but which were still active (Point 13).
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Average daily weight changes of adults of known age.

Only the 15 G. remigis and 14 G. buenoi that survived the fu]]
experimental period were used to construct the graphs in Fig. 8 and Fig.
9. Short lived gerrids were not used because their early death distor-
ted the average weights. These short lived gerrids were dissected when
they died revealing no fat body or ovarian development. The rest of the
gerrids were killed and dissected at the end of the experiment and the

same results were obtained.

Fig. 8 shows results for G. remigis and Fig. 9 for G. buenoi.
This experiment showed an initial increase in weight in both species.
G. buenoi increased in weight until day 9, while G. remigis increased
until day 24. After these initial increas¢ both species gradually de-
creased in weight. Adequate food was provided as described in Methods

and Materials.

Despite the fact that laboratory specimens did not prepare physio-
logically for inactivity and were exposed to summer conditions, both
species became inactive. G. buenoi became inactive between 41 and 43

days after emergence as adults while G. remigis took about 70 days.

The drop in weight due to water loss which occurs under natural
conditions before inactivity was not seen here. At the time that this
loss could have been expected to occur there was a very gradual drop,

but not enough to suggest a water loss.



Photoperiod
L1 (hours)

8:16

12:12

16:8

Table 8: State of ovaries after dissection of b, remiqis fenales

X

1’

5%

)

Vitellogenesis started
in 2 rudiments per
ovariole of the 5
present, First
rudiments in each
ovariole eqq shaped,

Small amount of yolk
in first rudiment of
each ovariole, Five
rudiments per ovariole,

Traces of yolk in
first rudiment,
Four rudiments
per ovariole,

Vitellogenesis not
bequn. Three
rudiments per
ovariole.

Small ... of yolk

first 1.uiment in
each ovariole. Five
eaq rudiment per
ovariole, Mo
rudiments have mature
eqq shape,

Vitellogenesis not
started, Three
rudiments per
ovariole,

Two rudiments
per ovariole
just visible,

A1 died before
completion of
experiment e £0
incubator failure.

ATl died due to
incubator failure,

A1 died due to
incubator failure.

AT died before
completion of
experiment, Not
due to incubator
failure,

GG



Photoperiod
1:0 (hours)
g:16

12:17

16:8

Table @ State of ovaries after dissection of 6. buenoi females

X 1% 15% 0’
Ovaries distended but Same as 500 Same as SOC Same s 500
no rudiments present
in anv ovariole,

Same as SOC 8:1f Same as 50C Same as 506 A1 died due
8:1¢6 8:1f to incubator

failure,

A1 died due
to incubator
failure,

AT died due
to incubator
failyre,

AT died but
not due to
incubator
failure.

99
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Light and photoperiod experiments.

A1l gerrids used in these experiments were collected in late
September and early October. A few from each collection were dissected
to ensure that all experimental animals were at about the same stage of
ovarian and fat body development. A1l gerrids were apparently ready for

normal inactivity.

Gerrids that survived were dissected at the end of the experi-
mental period and the results are shown in Tables 8 and 9. Throughout
the experimental period gerrids were observed daily for the first 3
weeks and every 3 days for the remaining 13 weeks. Their activity

throughout the experiment is recorded in Tables 10 and 11.

Ovaries

In G. remigis kept at constant short photoperiod (8L : 16D)
lower temperatures were better for development of the ovaries. The
most development at the time of dissection was at 59 C while the least
was at 20° C. At constant low temperatures shorter photoperiods were
better for ovarian development. The most development at the time of
dissection was at 8L : 16D the least at 12D : 12D (16L : 8D was not
used) (Table 8).

There was no effect on the ovaries at any light and photoperiod

regime in G. buenoi (Table 9).



Table 17 Activity of 6. remigis during exposure to various photoperiod and temperature regimes

15%

'’

Three active initially.
Ten sTuggish and on
water but legs not in
customary inactive
position. Twelve
inactive after 2 weeks.
Eight-10 active
periodically through-
out experiment,

Most active
periodically
throughout experi-
ment. Usually each
became active, then
s1uggish with most

dying.

Very slugaish but not
all died. Tended to
bunch together and
rarely in customary
position.

89

Became sluggish after

a week of activity,
Majority were sluggish
by 10th day, Started
dving after 10th day.
Luiy one alive when
incubator failed at the
2 week point,

) ks
Photoperiod  A1T inactive in less  A11 inactive in less
LD (hours) — than 24 hours of than 6 hours. Second
316 exposure and remained  day £-5 became active.
' 50 throughout Two of these active
experiment, for 1 week, then all
became inactive.
Four-5 active the First 3% weeks 7-8
12:17 first 2 weeks, but ~ were active, then all
not the same one became inactive,
each time, ATl Some died 10-14 days
inactive after ? after incubation,
weeks.
About % active from
16:8 the beginning, Half

Were inactive and
none had died when
incubator failed at
the two week point.

About % active from

the beqinning. Four
dead in 7 days,
Remainder very sluagish,
When incubator failed

(2 week point) 3 alive,

Majority very sluggish
after 2 days of activity,
Started dying third day.
Fourteenth day 6 alive.
AlT dead at seventeenth
day.



Table 11: Activity of £, buenoi during exposure to various photoperiod and temperature regines

X

'

150

207

Photoperiod
L: (hours)
§:16

A1 inactive within
20 hours and remained
0,

AT1 inactive within
2 days. Then 1
hecame active, some
staying active 7
weeks, After this
all inactive until
death or end of
experiment,

About % active from
beainning, Some of
these sluggish but

not in characteristic

position, not same
ones all the time,
AT inactive after
Weeks,

Three inactive first

2 days. Rest sluggish
and not in characteristic
position. Started dying
bth day. ATI inactive
after 3 weeks of exposure.
Some dying even though
inactive. o

12:12

Two inactive the
first day of
incubation, Al
inactive from
second day on,

Five active for

2 vieeks, Then all
became nactive
and stayed that
Way.

No records

No records

16:8

No records

No records

This group was never
inactive, Started

ring & days after
exposure, all dead by
14th day,
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Activity

At a fixed photoperiod higher temperatures caused fewer gerrids
to become inactive. At fixed temperatures longer photoperiods caused
fewer gerrids to become inactive. At high temperatures (20O C) and
long photoperiods (16L : 8D, 12L : 12D) all gerrids died (one G.
remigis remained after 3 weeks at 12L : 12D at which time the incubator
failed) (Tables 10 and 11).
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DISCUSSION

Life history

Both species have basically the same life history. The times of
occurrence of events such as commencement of winter inactivity, copulation

and oviposition are not identical but are very close.

Both species manage very well to synchronize their 1ife cycle with
our seasons presumably because both are responding to the same environ-
mental conditions. From the time the first eggs are laid until the first
adults emerge is approximately seven weeks. Since the summer in Newfound-
land is short, about three months from June to August, there is no time

for the insects to produce more than one generation in one year.

Both species became inactive in the fall. They laid down fat
reserves, decreased in weight and then overwintered as adults. They
became active as soon as the ice and snow were gone and G. buenoi immedi-

ately started egg production, while G. remigis continued with it.

Some work has been done on the Tife history of G. remigis by
Bueno (1917). A number of his observations on the 1life history in the
areas he studied differ from those noted on the Avalon. Bueno states
that :
"Breeding and oviposition begins as early as February ........
It is seemingly continuous all through the summer and it is not

unusual to find nymphs of various stages in company with the
adults."
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Inactivity

Diapause is difficult to define. Early authors such as Henneguy
( 904) used it to describe any period of arrest at any stage in the 1ife
history of an insect, including simple inhibition by cold. More recently
( apman (1969) defines it as a delay in development which although its
effect is usually to facilitate survival during unfavorable conditions is
not immediately referable to them; that is the unfavorable conditions do
not trigger the diapause but rather cues received before the unfavorable
conditions trigger it (facultative diapause) or it is genetically induced
(obligatory diapause). Periods of diapause are usually accompanied by
preparatory periods before inactivity, such as deposition of fat body and
a water loss. Diapause is broken by the series of events that ensue
after the onset of diapause or by specific environmental cues. These
statements also apply to reproductive diapause except that the insect is

not necessarily physically inactive.

Both species of Gerris lay down fat reserves during late summer
and early fall and both species show a drop in weight before inactivity
which has been attributed to moisture loss. None of the treatments
used on the gerrids prepared for inactivity succeeded in breaking it in
the fall. There is obviously something other than the conditions to
which they were exposed that breaks the inactivity and this must occur
in the spring or during the winter. These two considerations would allow
the use of the term "diapause". Adults reared in the laboratory and ex-

posed to summer conditions still became inactive despite no preparation.
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Gerrids taken from the field after preparation for inactivity and
subjected to summer conditions became inactive, or if tl / did not they
died (tables 10 and 11). The fact that they became inactive regardless
of this physiological state or the conditions to which they were exposed

suggests that the diapause is obligatory.

Even though the gerrids enter an obligatory diapause in the labora-
tory both species can and do move about during diapause when they are
touched or dis -~bed and will feed quickly  food is available. Also
Mr. Alex Coombs of the Chemistry Department, Memorial University, has seen
them active in his well near St. John's in February 1973. These, however,
are probably adaptations to survival in winter, especially in the New-
foundland climate. When gerrids are in diapause they need to keep damp.
G. remigis achieves this in two ways, first by staying close to the water's
edge and secondly by bunching together in groups of 20 or more. The fact
that they stay close to the water's edge endangers them since the water
level can rise or fall quickly. They therefore must be able to move or
they might die. The opportunistic feeding is advantageous since it could

supplement fat reserves.

Besides entering an obligatory winter diapause both species enter
a reproductive diapause. This is obligatory for the same reasons that
the physical inactivity was, none of the Tlight and photoperiod regimes
offered the gerrids, would break it and summer conditions did not inhibit

the diapause.
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Neither species mates in the fall under any conditions. The
ove ies do not develop at all in G. buenoi and very slowly through the
winter in G. remigis. Despite the difference the overall result is the
same, i.e. another generation is not produced until the following summer,
which is an adaptation to climate since more than one generation a year

is produced further south, at least in G. remigis (Bueno, 1917).

Copulation

Isolated G. remigis seen copulating at Manuels River early in the
year, did so on exceptionally warm days, 13° ¢ compared with 4.5% ¢
before and after. At the same time G. buenoi was not copulating at
Logy Bay where the temperature was 4.5 - 7° C. Since G. remigis mated
in early spring only when temperatures were high and G. buenoi 4id not
start until temperatures were higher than 9° C, copulation was probably

induced by high temperatures provided other requ- ements were fulfilled.

Of approximately 300 eggs of each species that were removed from
the females after ovulation and kept under favorable conditions none
developed, probably because they were not fertilised. Gerrid eggs have
the usual micropyle for the entry of sperm (Poisson, 1933). So since
oviposition and fertilisation are approximately simultaneous, it appears
that copulation began very much earlier than necessary. In the field
G. buenoi started copulating 26 days before oviposition while G. remigis

started 51 days before. These seem to be unnecessarily long periods of
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time. Speculatively, this may be attributed fo filling spermathecae
in case males are wiped out before oviposition. Copulation in the
laboratory seemed to be indiscriminate and random, the female accepting

as many as three different males.

Oviposition

Oviposition sites are similar for both species as mentioned in Results.
However, - species differ in some ways in their oviposition. The
greatest difference is in the number of times each lays. Judging from
dissections, G. remigis in the field started laying 19 June and individual
females took 1 - 2 days to complete oviposition. G. buenoi laid twice

19.-20. June and 28. - 29. June 1974.

G. buenoi eggs are usually found in groups of 3 - 5 but groups of
up to 49 have been found. G. remigis eggs are usually found in groups of
14 - 20 with 96 eggs in the largest group recorded. The number of eggs
laid at a particular time also differs between the two species. The
dissection results show that G. remigis empties its ovaries when 32 eggs
are fully developed and 16 more are almost completed. G. buenoi empties
its ovaries when it has 24 eggs. G. remigis lays the other 16 in 2 lots
of 8 within a couple of days of the initial oviposition. G. buenoi
waits until it has another 24 eggs and lays these 7 - 9 days after the
initial 24. Based on this e\ 1ce both species must move around, laying

their eggs in small groups while the large groups are a result of communé
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they develop, G. remigis between 11 and 13 days, G. buenoi between

9 and 11 days. However, in the field the irst eggs of both species are
laid at the same time and the first nymphs of both species appear at the
same time, so it appears that even though ifferent ranges exist in the

laboratory eggs require the same time for 2velopment in the field.

Nymphs
Death due to being caught up © ext iae is probably juent

in G. buenoi than in G. remigis since G. I enoi is found in small, often

stagnant pools and may be better able to survive the type of conditions

experienced in the laboratory set-up.

The relative mortality values (Tab" 2 ) within each species may
be valid between instars. The ability of a species to survive will be
reflected in relative numbers surviving in each instar regardless of the
severity of the conditions. For example if the fourth instar has the
highest mortality rate then it will have - e same mortality rate under

any conditions even in the lack of moving water in the laboratory set-ups.

Both species used in this study developed in about the same time

in the laboratory and the field.

Ovarian Development
There are a number of differences between the ovarian cycle of

G. buenoi and G. remigis despite the similarity of their life | stories.
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The major difference is in the starting time of ovarian development.
In G.v 1igis rudiments and germaria develop and vitellogenesis starts in
the fall while in G. buenoi-egg rudiments and germaria do not develop and

vitellogenesis does not begin until spring.

Yellow spots appear in the same Tocation in both species but at
different times of the year. In G. remigis they appear in the fall be-
fore the appearance of any rudiments while in G. buenoi they appear after

ovulation in the summer. These yellow spots are not corpora lutea. They

also cannot be termed resorption bodies since when they appear in G. remigis
they are the only thing in the ovarioles and when they appear in G. buenoi

the eggs are ovulated not reabsorbed.

Both species develop and lay the same total number of eggs, 48,
but differ in the length of time it takes to develop them. G. remigis
starts development in the fall, continues slowly through the winter and
oviposits 19. - 20. June ile G. buenoi does not start until the middle

of April and has laid 48 eggs by 28. - 29. June.

In G. remigis the eggs were stored in the ovarioles after ovulation
while awaiting oviposition. However, in G. buenoi there was no storage,

eggs were ovulated and immediately laid.

In both species rudiments remain in the ovarioles after ovulation
and oviposition has been completed even though they do not develop. In

both species the adults die after oviposition and ovulation. The remainii
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rudiments are used in more southerly populations, where there is also

more than one generation a year (Bueno, 1917). Possibly rudiments that do
not develop in Newfoundland populations represent vestiges of this. Since
both species would be capable of producing another generation if they did
not die perhaps death is also a genetically controlled event 1imiting the
number of generations a year. In the laboratory one G. remigis lived and
produced a small second batch of eggs, showing that the ability persists

in some of the population.

Geri Is in Newfoundland may be at the northern limit of their
range. Further south they produce more than one generation a year. On
the Great Northern Peninsula near Hawkes Bay (12-1/11 875 058) G. buenoi
is slower developing its eggs than on the Avalon Peninsula. In late
June the ovaries were at the same stage as they were on the Avalon in
April. This may be the extreme 1limit since these eggs barely have time
enough to develop and the nymphs to become adult and to prepare for dia-

pause before the winter.

Average daily weight changes of adults of known age.

The fact that gerrids in this experiment did not deposit fat body
or lose moisture in preparation for inactivity is perhaps because they
missed environmental cues such as lower temperature or shorter photoperiod
that the field specimens received. However, they did become inactive in

the laboratory despite their lack of preparation.
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In the field G. buenoi prepared and became inactive within 44 - 49
days after emergence as adults while G. remigis took 74 - 79 days. This

agrees well with laboratory figures of 43 - 44 days for G. buenoi and 70

days for G. remigis.

In the field the gerrids prepare and become inactive in the same
time as the laboratory specimens with no preparation. It appears then
that the inactivity is genetically controlled but the preparation for it

is environmentally controlled.

Light and photoperiod experiments, ovaries.

It appears that G. remigis requires the cold short days of winter
for the deve )pment of its ovaries to the point they reach in the spring.
Long warm days at this point in its life history impede ovarian develop-
ment in regimes where some survived. Ovaries of gerrids under winter

conditions (8L : 16D, 5°C) were most developed, (Table 8).

The conditions to which G. buenoi was exposed did not affect the
ovarian cycle. It appears that reproductive diapause is obligatory and
ovarian development will not start until spring regardless of whether

or not they were exposed to favorable conditions.

Activity
The main difference in activity between the two species is in
the length of time is takes them to become inactive. G. buenoi becomes

inactive in each regime earlier than G. remigis. G. buenoi also becomes
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jnactivity in one reaime (8L : 16D 20° C) where G. remigis does not.
This is a reflection of the field situation, where G. buenoi becomes

inactive about one month before G. remiais.

Under all regimes both species of gerrids either became inactive
or died. None of the experimental conditions broke the inactivity. At
low temperatures or short photoperiods both species became i 1ictive,
while at more summer-like conditions of high temperature or long photo-
period they became sluagaish and most eventually died. At 20° ¢ 16L : 8D

in both years, all specimens of both species died.

The low temperatures and short photoperiods were the most favor-
able conditions. This is expected since these are the conditions they

would have had to face in the field.

The inability of Newfoundland populations of these two species
to respond to a lengthened summer in the laboratory suggests that they

must be genetically different from populations living further south.

It is interestina to compare eaga production and diapause in
G. remigis and G. buenoi with that in other insects, some of which

have been intensively studied.

The ovaries of gerrids are telotrophic and the nomenclature
used is that of Imms (1957) and Engelmann (1970) for the parts of such

an ovary. According to Eschenbera (1966) the reduction division takes
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place in the agermarium so the developina eaas, here called rudiments,
are in reality oocytes. The term "primordia" has been used by
NDetinova (1962) for these, but is open to the objection that
"primordial germ cell" has been used many years synonymously with
"oogonium" or "spermatogonium'. Eschenbera (1966) aives a detailed
histoloaical and histochemical analysis of oocyte differentiation in
G. remigis. The yellow spots mentioned in these two species have been
referred to as fat bodies bu Eschenbera (196f) and follicular plugs by

Woodward (1952).

The winter inactivity of 3. remigis and G. buenoi is of a rather
peculiar kind in that both species can be aroused by stimulation. As in
most other insects these two species lay down fat reserves and lose
water before becomina inactive (Chapman, 1969). Chapman (1969) also
states

"Sometimes every individual in every dgeneration enters
diapause. This is obligatory diapause and as a result
there is usually only one generation a year."

This further supports the view that the inactivity of these two species

is an obliocatory diapause.

Adult diapause in insects may be reproductive, in which develop-
ment of germ cells does not continue, thouah activity may. This is

particularily well known in Nomadacris septemfasciata (Serv.) (Orthoptera)

in which it lasts for 7 months in the Rukwa Valley, Zambia (Norris, 1964).
Reproductive diapause is also exhibited in the Tife history of those
insects with lonao lived overwinterina adults includinag Cydnidae, Naucoridae,

Nepidae, most Pentatomidae and Corixidae and about half the Nahidae
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(Woodward, 1952). Either production of egg rudiments is completely
inhibited (as in G. buenoi) or considerably retarded during winter

when small rudiments have been formed in the autum (as in G. remigis).

The factor or factors that cause the breaking of the inactivity
and reproductive diapause could be a series of events or a particular

cue. For example in the beetle Pterostichus nigrita followinag Tong

days in summer short days induced oocyte development to some extent but
only after succeedina Tona day exposure was growth completed and eggs
laid (Thiele, 1966). This may be the case with G. remigis since ovarian
development does continue slowly throuah the winter (short days) but
exposure to longer photoperiods in the fall inhibited instead of increas-

ina the Timited amount of development that normally took place.

In another beetle of the same agenus Pterostichus oblongopunctatus

successions of Tong and short photoperiods or vice versa did not cause
eqqg maturation - but rather exposure to cold terminated the diapause.
(Thiele, 1968). This may be the case with G. buenoi. Exposure to long
days and high temperatures in the fall had no effect on the ovarian
development, the ovaries remained in the same state. It may be that this
species has to experience a period of chilling before development is

initiated.

It is interesting to note that these 2 beetles are of the same
genus as are the bugs studied here. Even though the two gerrid species
lay their egas at about the same time of the year, it is obvious that

they use differe environmental cues in timing their reproductive season.



SUMMARY

Gerris remigis Say and Gerris buenoi Kirkaldy were observed in

the field, specimens were brought into the laboratory where some were
weighed and dissected and ovarian development noted while others were
maintained in culture. Numbers of eggs laid, period of incubation and
number and length of nymphal instars were recorded in the laboratory.
Other specimens of both species were kept under controlled conditions of
photoperiod and temperature in fall and winter to determine the effect
of these on ovarian development and to break or inhibit reproductive dia-
pause and inactivity. A1l laboratory specimens were weighed and dissec-

ted at the end of the experimental period.

The 1ife histories of both species are similar; both are univoltine.
Adults emerged the first week of August each year and entered ¢ ligatory
diapause in the fall; G. buenoi 20. - 25. September and G. r¢ igis
15. - 25. October. Activity resumed in the spring, G. remigis 15. April
1974 and G. buenoi 22. April 1974. Copulation was first observed 19.
April 1974 in G. remigis and 25. May 1974 in G. buenoi. Oviposition
took place for the first time in both species 19. - 20. June 1 '4 and
again 28. - 29. June in G. buenoi. Eggs developed in and out ° water;
in G. remigis in 11 - 13 days, 1in G. buenoi in 9 - 11 days. Both
species have five nymphal instars, the mean tc 11 nymp al period in the
laboratory was 41.77 d¢_s in G. remigis and 43.13 days in G. wuenoi.

The first nymphs of each species appeared in the field 1. July 1974.



The ovaries of both species are structurally similar with four
ovarioles per ovary, a lateral oviduct fror :ach of two ovaries joined

to form a common median vagina. The ovarian cycle occupies one year.

In both species the first rudiments appear simultaneously in each

1
4 = 3 the length of the ovariole anterior to the junction of

ovariole
the ovarioles and the lateral oviduct. Rudiments appear one behind the
other, anterior to the first that appear and development takes place at
the original location of each rudiment. Development occurs from posterior
to anterior in each ovariole, the most posterior rudiment being the first
to become an egg and ovulate (move into the first % - % of each ovariole).
G. remigis develops 6 eggs per ovariole without a break while G. buenoi
develops 3 eggs per ovariole, ovulates and oviposits these and then repeats

the process.

The two species differ in a number of respects with regard to their
ovarian cycle. G. remigis starts ovarian development in the fall and
carries on slowly through the winter. G. buenoi does not start until
the following spring. G. remigis stores most of its eggs after ovulation
until ready to oviposit while G. buenoi lays as they are ovulated. Yellow
spots appear in G. remigis in the fall but not in G. buenoi until ovu-
lation of the first egg i1 2ach ovariole. There are also a number of
similarities. Both species develop and lay 48 eggs; 1in both species

rudiments remain after oviposition is completed. In both species eggs



develop from posterior to anterior in each ovariole and at the same

location in the ovarioles.

Changes in weight throughout the summer can be accounted for, at
least in part, by changes in the ovarian cycle, appearance of new adults,
or deposition of fat. Increases in weight are seen with development of
eggs and deposition of fat body. Decreases in weight occur with ovi-
position and a moisture loss prior to inactivity. Adults are lightest when
they first emerge; they increase in weight without any increase in fat or

ovarian development.

After exposure to 5°C, 10° C, 15° ¢ and 20° C at 8L : 16D, 12L :
12D and 16L : 8D vreproductive diapause and physical inactivity was not
broken in either species. The higher temperatures and longer photoperiods
inhibited the 1imited amount of ovarian development that normally occurs
in G. remigis during the winter. None of the regimes had any effect on
the ovarian development of G. buenoi, ovarian development did not commence
in the fall. The Toy the temperature and the the photoperiod
the more of both species survived the regimes. At 20° C and 16L : 8D all

of both species died in a short time.

In conclusion, although both species are similar in their overall

life histories the details are often quite different.
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APPENDIX A

Analysis of Variance Tables for Measurements

of G. remigis and G. buenoi nymphs



Analysis of variance tables »>r measurements of G. remigis nymphs

Source d.f. S.S. IR F
Head
Total 149 353.25
Instars 4 342.96 85.74 1207 .60%**
Error 145 10.292 .N710
Thorax and Abdomen
Total 149 17244 .39
Instars 4 16399.836 4099.95¢ 704 .4603**
Error 145 844 .55 5.82
Antennal seagment 1
Total 149 628.399
Instars 4 621.779 155.44 34017.31**
Error 145 6.62 .0457
Antennal segment 2
Total 149 142.98
Instars 4 140.022 5.00 1715.68**
Error 145 2.961 .0204
Antennal seament 3
Total 149 169.82
Instars 4 166.87 41.717 2044 95%*
Error 145 2.951 .N204
Antennal seament 4
Total 149 150.078
Instars a 146.214 36.553 1374 .17**
Error 145 3.86 .0266
Leg 1T feinur
Total 149 2457 .61
Instars 4 2437.55 1. 387 4403.085%*
Error 145 20.06 .1384
Leg T tibia
Total 149 1825.006
Instars 4 1798.97 449.74 2502.72%**
Error 145 26.06 L1797
Leg 1 ta 5
Tc 1l 149 196.37
Instars 4 187 .55 46.888 771.18%**

~or 145 8.81 .N608



Source

Leg 2 femur
Total
Instars
Error

Leg 2 tibia
Total
Instars
Error

Leg 2 tarsus
Total
Instars
Error

Lea 3 femur
Total
Instars
Error

Leg 3 tibia
Total
Instars
Error

Leg 3 tarsus
Total
Instars
Error

149

1¢

12716,
12650.
66

7876.
7790.
85.

1796.
1758
37

9820.
9781
38

5542.
5452.
90.

702.
687
14.

928
05

.87

aa

56
87

161

.35
.80

na

.61
.483

54
24
29

61

.96

65

162.

5

L4612

1947.

.5923

439.

58

.2607

244 .

54

.2654

1363.

.6227

171

.99

.1010

|

6857 .11**

3288.26**

1686.15**

921.40%**

2188.95**

1702.87**



Analysis of variance tables for measurements of G.

Source

Head
Total
Instars
Error
Thorax and Abdomen
Total
Instars
Error
Antennal segment 1
Total
Instars
Error
Antennal seament 2
Total
Instars
Error
Antennal seament 3
Total
Instars
Error
Antennal seament 4
Total
Instars
Error
Leg 1T femur
Total
Instars
Error
Leg 1 tibia
Total
Instars
Error

d.f

149

145

149

145

14

145

149

145

149

145

149

145

125.
116.

6554.
6336.
218.

iy

4az2.

Fa
60

611
507

13.

479.
462.
16.

m.s.
49
88 29.22
.61 .0594
51
02 1584.01
29 1.5068
_a7
16 45.85
.81 .0194
.02
.19 12.30
.84 .0127
39
656 10.66
.73 N
.69
.86 15.215
.82 .0263
14
.808 149.47
24 .0913
166
81 115.70
34 1127

buenoi nymphs

49]

1051

2363.

968.

895.

578.

1637.

1026.

L9T**

L21%*

4.0%*

50**

7**

5]

13%*

61%*



Source

Lea 1 tarsus
Total
Instars
Error

Leg 2 femur
Total
Instars
Error

Leg 2 tibia
Total
Instars
Error

Lea 2 tarsus
Total
Instars
Error

Leg 3 femur
Total
Instars
Error

Lea 3 tibia
Total
Instars
Error

Leg 3 tarsus
Total
Instars
Error

149

145

149

145

149

145

149

145

149

145

149

145

149

145

55.
50.
.55

3676.
3646.
30.

2250.
2222.
27 .

1510.
1445,
64.

3162.
3132.
29.

824.
802.
22.

260.
254.
.41

27
71

968
42
52

416
84
57

407
91
49

00
61
38

30
09
21

48
n7

12.
.N314

911

555.
.1902

361

783.
.2N27

200.
. 1532

63.
.0443

67

.605
.2105

71

477
.4448

15

517

404, 14%*

4330.6651**

2921.71**

812.67**

3863.59**

1308.87**

1433.7923**















