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Abstract

A protocol for quantifying behaviors of adult Chi-
ronomidae during lab-based longevity studies is
described and definitions of 12 behaviors are pro-
vided. Initial data for field-collected adults from
on snow adjacent to three streams during winter,
split into batches and incubated at three differ-
ent temperature treatments, are summarized and
show that frequencies of behaviors vary by stream
and treatment. Implications of behaviors relative
to reproductive fitness of adults is proposed, and
changes to the protocol for use in future studies is
described.

Introduction

Adults of the winter-emerging chironomid, Dia-
mesa mendotae Mutkowski, have been shown to be
long-lived when incubated at low air temperatures
(Bouchard et al. 2006a, 2006b, Ferrington et al.
2010), including exposures to extended sub-freez-
ing temperatures (Anderson et al. 2013, Mazack
et al. 2015) and capable of walking on snow or
resuming flight after landing on snow. It has been
proposed that the long duration of the adult portion
of the life-cycle provides increased fitness during
winter, allowing extended opportunities to mate on
snow, and for females to return to the water surface
to complete oviposition (Ferrington et al. 2010).
However, it is uncertain how meaningful it is to
extrapolate lab-based longevity studies to fitness
benefits under field conditions and, despite hav-
ing a longer duration of the adult portion of the
life-cycle, it is not possible within the design of
previous longevity studies to determine how long
the female remains healthy enough to effectively
navigate back to the water to oviposit.

Longevity studies of Drosophila melanogaster and
Ceratitis capitata, both species that feed as adults,
have shown age-specific and lifetime behavior
patterns (Carey et al. 2006, Jones and Grotewiel
2011), and the patterns have been quantified us-
ing well-defined behavioral categories that are
recorded over the adult life span (Connolly and
Tully 1998, Carey et al. 2006). Specific behaviors
have been shown to be associated with longer life
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spans (Zhang et al. 2006), functional senescence
(Grotewiel et al. 2005), or are effective predictors
of time to death (Papadapoulos et al. 2002), which
are all essential for understanding the evolution of
life cycle dynamics. Studies of predictability and
hierarchy of behavioral sequences can inform un-
derstanding of how insects interact with the proxi-
mate conditions of their environment and provide
insight into potential fitness attributes associated
with the evolution of specific behaviors (Carey
2003, Berman et al. 2016).

Most species of chironomids are considered to be
non-feeding and short-lived as adults. Energy and
nutrients for mating and reproduction are accumu-
lated by the larval stages (Tokeshi 1995) and there
is an energetic, and corresponding fitness cost,
associated with increased longevity and delayed
reproduction by adults. Consequently, in many
species adults are often able to mate and oviposit
within minutes of emerging. Swarming behaviors,
as a mechanism for enhancing encounter efficien-
cy and short-range mate recognition among adults,
have been described and implications for repro-
ductive success proposed (Neems et al. 1992),
however, little is known about the corresponding
mechanisms and behaviors of obligate or faculta-
tive surface-mating species. It seems plausible to
assume that if a longer adult life span in a winter-
emerging species has increased fitness attributes,
specific behaviors would have age-specific or hi-
erarchical relationships that off-set the energetic
consequences of delayed reproduction in non-
feeding species.

A well-defined and consistently applied protocol
is necessary to record and quantify behavioral
patterns. The lab methods used for determining
longevity at predetermined, nearly constant, air
temperatures consists of daily checks of adults
confined individually in one-dram vials to deter-
mine when adults die (Ferrington et al. 2010).
Routine observations of fly activity in the vials
over the duration of earlier experiments have re-
vealed several different behaviors, and recently a
protocol has been developed to record behaviors
as the flies age. The intent of this publication is to
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define twelve behaviors observed during the lon-
gevity studies, and to demonstrate the frequencies
of behaviors as a function of incubation tempera-
tures and across three different collection sites. Al-
though I have only developed and applied this pro-
tocol in longevity studies of Diamesa mendotae,
I anticipate that it can be applied more generally
in comparative longevity studies among Chirono-
midae.

Methods and materials

Adults of Diamesa mendotae were all scooped
from on snow into one-dram vials along with a
small amount of snow. When incubated at tem-
peratures above freezing the snow melts and forms
a layer of water in the bottom of vials to provide
moisture and prevent desiccation. Vials were
placed in small coolers partially filled with snow
to keep vials from warming on sunny days. Cool-
ers were returned to lab and adults were sorted by
sex and briefly observed under dissecting scope to
confirm that they were not damaged during col-
lection, then were randomly assigned to differing
treatment categories based on predetermined in-
cubation temperatures of 6 °C., 18 °C, and room
temperature set at 24 °C. Flies assigned to both the
6 °C. and 18 °C. treatments were incubated in a
Sanyo MIR-154 Incubator with temperature fluc-
tuations of +/- 1.5 degrees, which closely matched
the +/- 2 °C. fluctuations in room temperature. The
number of specimens per treatment category de-
pended on the number and sex ratios of flies col-
lected in the field and details are provided in Table
1. The field and incubation protocols are consistent
with those used in our previous studies of longev-
ity of this species (e.g. Ferrington et al. 2010).

All vials were placed in small cardboard boxes
with numbers added to the cap of the vial so that

records of behaviors could be traced over time for
each fly (Figure 1). Care was taken to not jostle the
box and to carefully remove each vial to observe
the initial behavior. Initial behaviors were record-
ed within 15 seconds of removing a vial from the
box using a dissecting microscope set at 6x magni-
fication, at approximately the same time each day.
However, as flies aged it was often necessary to
tap the vial or increase the observation time up to
30 seconds in order to determine if flies were still
alive.

An electronic data sheet in EXCEL format was de-
veloped for each fly. After determining the initial
behavior of the fly in a vial, an “X” was entered
into the corresponding cell in the electronic data
sheet. Twelve individual behaviors were incorpo-
rated into the data sheet based on the most active
or prominent behaviors of flies during the initial
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Figure 1. Photograph of cardboard box used to organize
numbered vials during longevity studies.

Table 1. Summary of field collections and numbers of Diamesa mendotae used in each longevity treatment temperature.
A total of 353 flies were analyzed (219 males and 134 females).

Locality Date DD/MO/YR  Incubation Number of Maximum longevities
Temperature Males/Females  (days) Males/Females

Hay Creek 17/02/19 24 °C 19/20 4/6

Hay Creek 17/02/19 18 °C 18/20 12/12

Hay Creek 17/02/19 6°C 17/19 28/30

Trout Brook 14/02/19 24 °C 29/13 5/2

Trout Brook 14/02/19 18 °C 29/13 10/8

Trout Brook 14/02/19 6°C 29/13 27/28

Valley Creek 23/02/19 24 °C 26/12 4/4

Valley Creek 23/02/19 18 °C 26/12 7/5

Valley Creek 23/02/19 6°C 26/12 23/19
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Date Collected: 17 February 2019

Incubation Temperature: 18 C.

JMale Number: 12

Days post collection 1

CONDITION

1: Perched in cap X

2: On side of vial, upper 1/3

I3: On side of vial, middle 1/3 X

4: On side of vial, lower 1/3

5: Sticking to inside of vial

J6: Standing on water, flies when tapped

7: Standing on water, does not fly

|8: On side, on water, legs moving

I9: On water, on back, legs moving

10: Sinking into water, on side

11: Sinking into water, on back

12: Moves only slightly when tapped

13: Dead

Date Collected: 17 February 2019

Incubation Temperature: 18 C.

Female Number: 12

oVl

Days post collection 1

CONDITION

1: Perched in cap

2: On side of vial, upper 1/3

I3: On side of vial, middle 1/3

4: On side of vial, lower 1/3

|5: Sticking to inside of vial

I6: Standing on water, flies when tapped X X

7: Standing on water, does not fly

|8: On side, on water, legs moving

|9: On water, on back, legs moving

10: Sinking into water, on side

11: Sinking into water, on back

12: Moves only slightly when tapped

13: Dead

X

Figure 2. Example of data sheet and daily records of behavior for a male and female collected from on snow, 17 Febru-
ary 2019, adjacent to Hay Creek, Goodhue County, MN. The female oviposited in the vial on Day 4, post collection.

assessments. Each behavior was assigned a num-
ber. Oviposition date was also entered into the data
sheet, as was observations of mites on flies and
nematodes observed in the water. See Figure 2 as
an example of behaviors recorded for a male and
a female that oviposited while incubated at 18 °C.

Flies were preserved with 95% ethanol and local-
ity labels with fly number were placed individually
in vials unless the female oviposited. Females that
oviposited were transferred to another vial before
preservative and labels were added so that eggs
could continue to be checked for embryogenesis
or larval hatch. Males were checked under higher
magnification after preservation to confirm species
identity. We currently cannot reliably determine
females to species, but assume they are all Diame-
sa mendotae. All preserved flies have been stored
in -80 degree C. freezer for subsequent evaluation.
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Results
Definitions of behaviors

1) Perched in cap — Adults displaying this behav-
ior tend to remain at rest in the cap when checked,
but seem to be the most active when disturbed,
often flying for several seconds or more before
landing on the inside of the vial or within the cap.
Flies landing on the side of the vial generally walk
quickly up the inside of the vial and resume their
position within the cap. Not all flies exhibit this be-
havior, and adults obtained from field collections
vary substantially in the percent of individuals that
perch within the cap.

2) On side of vial, upper 1/3 — This behavior is
defined relative to the upper-most part of the body
of the fly. In most cases the flies rest with the head
up, which serves as the point for determining posi-



tion on the inside of the vial. When disturbed, they
fly or walk quickly up or down the inside of the
vial, but rarely land or stand on the water.

3) On side of vial, middle 1/3 — As with behavior
2, this behavior is defined by the upper-most part
of the body, usually the head. When disturbed flies
walk or fly within the vial, usually landing on the
side, but occasionally standing briefly on the wa-
ter, then walking back up the inside of the vial.

4) On side of vial, lower 1/3 — This behavior is
also measured by the upper-most body part. In
contrast to behaviors 2 and 3, flies sometimes ori-
ent horizontally or with head up, but often have
one or more legs in contact with the water surface.
When disturbed they fly but quickly land, or rapid-
ly flutter wings while walking on the inner surface
of the vial, or gliding in circles on the water before
again resting on the side of the vial. Some adults
walk on the inside of the vial and resume resting in
the middle or upper 1/3 of the vial.

5) Sticking to inside of vial — Adults exhibiting
this condition are generally females that have
begun to extrude eggs (but not into the water) or
males that appear to have a drop of fluid extruded
from near the bases of the gonocoxites (presum-
ably spermataphore). This behavior was coded as
5 because adults that become stuck to the side of
the vial are often in the middle or lower 1/3 of the
vial (not commonly at the water surface) and often
vigorously fan their wings and/or move their legs,
sometimes for several days. However, few actually
detach from the vial and resume other behaviors
before dying. In some instances, adults attempt
grooming behaviors with the forelegs and spread
fluids to the wings or legs which then can become
stuck to the vial.

6) Standing on water, flies when tapped — In
contrast to behaviors 1- 3, flies exhibiting this
behavior commonly rest on the water, but read-
ily fly when the vial is tapped on the stage of the
dissecting microscope. After flying briefly, flies
commonly return to the water surface or land on
the side, generally in the middle or lower 1/3. If
not disturbed again, flies remain relatively motion-
less, or engage in grooming behavior, especially if
touching the inside of the vial. If disturbed again
by tapping, the flies typically resume flying.

7) Standing on water, does not fly — In contrast
to behavior 6, flies exhibiting this behavior do not
fly when the vial is tapped for up to 15 seconds.
This behavior, however, has several different
outcomes that were observed in the longevity ex-
periments, and it seems useful and informative to
sub-divide the definition of this behavior in future
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experiments. Although the behaviors are likely to
be part of a general decline in vigor, by providing
definitions, it will be possible to score individu-
als in subsequent experiments according to the
three new definitions provided here. Behavior 7
(a) is defined as individuals that do not fly when
disturbed, but fan their wings rapidly and glide in
circles or bounce along the water surface before
coming to rest, either on the water surface or in
the lower 1/3 of the inner surface of the vial. After
coming to rest, individuals often engage in groom-
ing behaviors. Behavior 7 (b) consists of short,
gentle bursts of fluttering the wings when tapped,
but little or no gliding, and rapidly return to stand-
ing on the water or in association with the inside
of the vial. In some cases, the wings may not be
fully folded over the abdomen after fluttering, but
are held at an acute angle to the abdomen, or one
wing may be fully folded but the other remains at
a sharply acute (or less sharply acute) angle to the
abdomen. Behavior 7 (¢) consists of the adult not
fanning or fluttering the wings but walking or re-
maining motionless on the water. As with Behav-
ior 7 (b), both wings can be fully folded over the
abdomen, or one or both wings can remain at an
angle to the abdomen.

8) On side, on water, legs moving — Individuals
exhibiting this behavior appear to have lost equi-
librium and cannot remain standing on the water.
Often the adult can still gently flutter the wings
and move their legs rapidly while on their side, but
no coordinated flying or standing occurs. Some in-
dividuals partially or fully upright themselves but
are uncoordinated and slip back onto their sides.
Wings are usually at an acute angle to the abdo-
men, not fully folded at rest over the abdomen.

9) On water, on back, legs moving — In contrast
to behavior 8, individuals on their back typically
do not flutter their wings or temporarily upright
themselves. Wings are often at or near a 90 degree
angle to the abdomen, and their upper surfaces are
usually fully in contact with the water surface. In
this position, legs may be moving rapidly or not,
and are usually not contacting the surface of the
water.

10) Sinking into water, on side — The ability of
adults to remain on the water surface in behaviors
8 or 9 is likely to be a function of waxes secreted
onto the epicuticle. Volatilization of waxes and de-
composition by microbes can degrade the waxes
and reduce the hydrophobic nature to the exoskel-
eton. It is possible that decreased wax production
associated with aging reduces the replenishment of
waxes, resulting in adults loosing hydrophobicity



and sinking into the water during later stages of in-
cubation. Individuals sinking into the water while
on their sides generally do not flutter wings, and
leg movement is greatly reduced as water pulls up
onto the cuticle.

11) Sinking into water, on back — Individuals ex-
hibiting this condition generally are ones that tran-
sitioned to it from behavior 9. Typically water will
pull up onto the sides of the thorax and/or abdo-
men, and in the case of males the plume setae can
become entrained in the water film or fully sink
into the water.

12) Moves only slightly when tapped — Adults
exhibiting this behavior may have transitioned
from behaviors 8-11 and may be on their side on
the surface of the water, or sinking into the water
to varying degrees, but not actively moving unless
the vial is tapped on the stage of the dissecting mi-
croscope, and generally stop moving when tapping
is discontinued. Adults transitioning to this behav-
ior from behaviors 1-7 often look very healthy and
may be on the water surface near the meniscus
with the side of the vial, or even partially stick-
ing to the vial, and also only move in response to
tapping. No attempts to fly or walk occur. In some
cases the only visible indications that the adult is
still alive are subtle movements of the palps and/
or twitching of legs, leg segments, antennae, gono-
coxite, gonostylus or cercus

13) Dead — In some instances it is easy to discern
that the individual is dead. Adults transitioning to
death from behaviors 1-7 often have legs or wings
at unusual angles to the body, presumably as rigor
mortis results in muscle tissue contracting and dis-
torting the distal portions at odd angles to the more
proximal parts of the joint or segment. In addition,
there can be very striking and conspicuous asym-
metries in the orientation of legs, wings, antennae

and/or palps. These adults also are often floating
on the water surface and readily are displaced
when tapping the vial. Adults transitioning from
8-11, however, often do not exhibit legs or wings
at unusual angles or high degrees of asymmetry,
but often show some degree of microbial growth,
usually fungal, that can be detected at higher mag-
nification. When an adult has been presumed to be
dead, the observation time is often increased be-
fore recording the individual as dead.

Adult Longevities

Maximum longevities of males and females as a
function of collection stream and incubation tem-
peratures are shown in Table 1. Longevities of
males incubated at 24 °C. ranged from 4-5 days
versus 2-6 days for females. At 18 °C. male lon-
gevities ranged from 7-12 days compared to 5-12
days for females. Longevities of both males and
females were longest at 6 °C. incubation, ranging
from 23-28 and 19-30 days, respectively.

Scoring of Behaviors

Daily assessments of individual behaviors were
recorded for 353 flies (Table 2). Quantification of
behaviors as a function of collection locality and
incubation temperatures is shown in Table 2. A
total of 2,744 behaviors were recorded, including
228 for incubations at 24 °C., 666 at 18 °C. and
1,731 at 6 °C. Figures 3-5 show histograms of fre-
quencies of behaviors exhibited by batches of flies
collected at different localities and held at the three
different incubation temperatures.

Discussion

The behaviors defined in this study are based on
earlier routine observations of the types of activi-
ties of field collected adults exhibit when observed
in vials during longevity experiments under lab
conditions at predetermined intervals after col-

Table 2. Summary of numbers of behavioral observations of Diamesa mendotae obtained for each longevity treatment

temperature.
Locality Incubation Number of observations Number of observations
Temperature (including “Dead”) (excluding “Dead”)

Hay Creek 24 °C 159 120

Hay Creek 18 °C 287 249

Hay Creek 6 °C 675 644

Trout Brook 24 °C 106 64

Trout Brook 18 °C 229 187

Trout Brook 6°C 629 587

Valley Creek 24 °C 82 44

Valley Creek 18 °C 150 112

Valley Creek 6 °C 427 389
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Figure 3. Percent of behaviors recorded by adult flies
collected from Hay Creek during longevity experiments
with adults incubated at different temperatures.

lection. Differing behaviors were recorded in lab
notes, but until recently no attempts were made to
standardize definitions for the behaviors, and no
prior attempts were made to score the behaviors
in a systematic manner. The results presented in
this paper thus represent the first application of the
protocol. As defined here, all behaviors can read-
ily be assessed within 15 seconds among recently
collected batches of adults. However, as longevity
studies progress and adults age, it is often neces-
sary to increase the time observing the specimens
in order to determine if they are alive, but relative-
ly non-responsive, or dead.
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Figure 4. Percent of behaviors recorded by adult flies
collected from Trout Brook during longevity experi-
ments with adults incubated at different temperatures.

Behavior 7, Standing on water, does not fly, re-
quires further comment and will be subdivided in
future studies. Although the behaviors are likely
to be part of a general decline in vigor, I anticipate
that it will be possible to unambiguously score in-
dividuals in subsequent experiments according to
the three new definitions provided here. Behavior
7 (a) is distinctive in that individuals that do not fly
when disturbed fan their wings rapidly and glide
in circles or bounce along the water surface be-
fore coming to rest. This behavior can persist for
several or many seconds, often continuing for the
entire 15 second observation interval.



Percent Behaviors (excluding dead)
Incubated at 24 C.

Percent Behaviors (excluding dead)
Incubated at 18 C.

Percent Behaviors (excluding dead)
Incubated at 6 C.

Figure 5. Percent of behaviors recorded by adult flies
collected from Valley Creek during longevity experi-
ments with adults incubated at different temperatures.

Behavior 7 (b), which is defined as consisting of
short, gentle bursts of fluttering the wings when
tapped, differs qualitatively from 7 (a), but in most
cases it is combined with little or no gliding ac-
tivity, and adults rapidly return to standing on the
water or in association with the inside of the vial,
often within 3-4 seconds after tapping the vial. As
noted earlier, in some cases the wings may not be
fully folded over the abdomen, but are held at an
acute angle to the abdomen, or one wing may be
fully folded but the other remains at an angle to
the abdomen.
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Behavior 7 (c) consists of the adult not fanning or
fluttering the wings but walking or remaining mo-
tionless on the water. To assess this condition it
is necessary to observe the adult for the entire 15
second interval, and repeatedly tap the vial on the
stage of the microscope. Similar to behavior 7 (b),
both wings can be fully folded over the abdomen,
or one or both wings can remain at an angle to the
abdomen and adults rarely attempt to maintain
contact with the inner surface of the vial. Adults
often are very unstable, shaking or quivering while
attempting to remain upright on the water.

Division of behavior 7 into three distinct behaviors
will add to the sensitivity to future study of transi-
tions in behavior from ones with high activity to
lower activity, and will lead to better interpreta-
tion of fitness states, transitions to higher morbid-
ity, and quantification of age-related impairment in
locomotor and other behaviors as shown for Dros-
ophila by Jones and Grotewiel. (2011). The re-
vised protocol will have 14 behavioral categories.

As mentioned in the introduction, it is uncertain
how meaningful it is to extrapolate lab-based lon-
gevity studies to fitness benefits under field condi-
tions. Despite having a longer duration of the adult
portion of the life-cycle, if the female does not re-
main healthy enough to effectively navigate back
to the water to oviposit, her reproductive potential
is lost. Using the new definitions to record behav-
iors, it is likely that females exhibiting behaviors
7b through 12 are not capable of returning to the
stream. By contrast, females on a snow bank, but
in close proximity to the stream, may still have
potential to fan their wings sufficiently to glide
across snow (behavior 7a) and navigate to the open
water to oviposit.

Although not quantified in earlier longevity stud-
ies, previous routine observations of collections
from differing streams and under different field
temperature conditions have indicated there are
small to substantial differences in the frequencies
of behaviors, especially behaviors 1-6. As shown
here (Figures 3-5), there are differences in the
frequencies of behaviors 1-7 for the three collec-
tions, but the differences are most conspicuous
when comparing the frequencies of behaviors 1,
2 and 3 for adults from Hay Creek versus Trout
Brook. Based on the limited number of field col-
lections that have been quantified using the pro-
tocol, it is not yet possible to offer an interpreta-
tion for the population-to-population variability of
lab behaviors. However, Carey (2011) has shown
population differences in longevities and behav-
ior patterns among wild-caught populations of six



medfly global biotypes. Although speculative, it is
possible that population differences in cold-adapt-
edness of Diamesa mendotae could influence the
lab expressions of adult behaviors.
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