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Abstract

Recent bumble bee declines have prompted the development of novel population monitoring tools, including the use of
putatively non-lethal tarsal clipping to obtain genetic material. However, the potential side effects of tarsal clipping have
only been tested in the worker caste of a single domesticated species, prompting the need to more broadly test whether tar-
sal clipping negatively affects sampled individuals. To determine if tarsal clipping reduces queen survivorship and colony
establishment, we collected wild queens of Bombus vosnesenskii and clipped tarsi from a single leg of half the individuals.
We reared captive queens and estimated survivorship and nest establishment success. We also clipped tarsi of workers from
a subset of colonies across a range of body sizes. We found no consistent negative effect of clipping on queen survival. In the
first year, clipped nest-searching queens suffered heavy mortality, but there was no effect on foraging queens. The following
year, we found no effect of clipping on queen survival or establishment. Clipping did not reduce overall worker survival but
reduced survivorship for those in the smallest size quartile.

Implications for insect conservation Our findings suggest tarsal clipping does not have consistent negative effects on indi-
vidual survival. However, our results varied with queen behavioral state, year, and worker size, suggesting differences within
and among species and interactions with landscape stressors warrant further study. In the interim, we recommend researchers
and conservationists minimize the use of tarsal clipping for sensitive species, populations, or small workers except in cases
of exceptional scientific need.
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Introduction

Widespread bumble bee declines have prompted a dramatic
increase in the research output of laboratories and agen-
cies focused on bumble bee monitoring and species recov-
ery (Goulson et al. 2008; Cameron and Sadd 2020). This
research effort has developed a variety of useful methods to
study bumble bee individuals, colonies, and populations. As
for any wild species, the impacts associated with methods
used to study bumble bees must be quantified so that they
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can be incorporated into analysis and minimized or avoided
if deemed too harmful. A notable example is the recent list-
ing of the federally endangered Rusty Patched Bumble bee
in the United States (U.S. Fish and Wildlife Service 2017),
which has motivated discussion on the safety of non-lethal
sampling methods for studies of remaining populations.
Non-lethal genetic sampling of bumble bees primar-
ily involves taking “tarsal clips” from individuals in the
field (Holehouse et al. 2003). Tarsal clipping removes the
distal tarsal segments of one mid-leg (Fig. 1a). The pro-
cedure yields enough genetic material to reliably extract
DNA for microsatellite or other analyses, purportedly
without negatively affecting individual or colony survi-
vorship or success. The information gathered from tarsal
clipping has been crucial to our understanding of bumble
bees. Tarsal clips have been used to determine colony
abundance, foraging and dispersal distance, and popula-
tion connectivity (reviewed in Mola and Williams 2019),
all of which cannot be readily estimated from transect
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Fig. 1 Diagram of tarsal clipping, rearing boxes, and general study
procedure for Bombus vosnesenskii. a Queens are clipped in the field
below the tibial spurs. b In the laboratory, queens are placed into
boxes with a brood ball consisting of pollen and nectar. They are also
provisioned with a nectar wick that pulls a sugar solution from a res-
ervoir below. ¢ Mature colonies are moved into larger boxes to allow
foraging outdoors through an exit tube affixed with RFID readers to
track directionality. Artwork by C. Stuligross

counts of workers. To date, only one study has evaluated
the potential side effects of tarsal clipping (Holehouse
et al. 2003), focusing on workers of a common, com-
mercially available species (Bombus terrestris). However,
tarsal clipping has been extensively used on both workers
and queens of various species (Examples with workers:
Darvill et al. 2006, Charman et al. 2010, Redhead et al.
2016; Examples with queens: Lepais et al. 2010, Carvell
et al. 2017, Mola et al. 2020). We must further evaluate
this method to determine its risk for sensitive species,
especially as potential negative effects of tarsal clipping
on survivorship will have downstream effects on the esti-
mation of demographic measures.

To better understand the potential side effects of tarsal
clipping on wild bumble bees, we collected wild bum-
ble bee queens of Bombus vosnesenskii (Radoszkowski
1862). We took tarsal clippings of approximately half of
these queens and then of a subset of worker offspring of
these queens. We investigated how tarsal clipping affected
queen survivorship, queen nest establishment, and worker
survival. We expected queens would be negatively
impacted by tarsal clipping due, in part, to the demands of
colony establishment. Alternatively, queens may endure
tarsal clipping more readily than workers due to queen’s
large size. Similarly, we expected smaller workers to be
more susceptible to negative effects of tarsal clipping.
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Table 1 Sample sizes of queens (Bombus vosnesenskii) across loca-
tion, behavior, and tarsal clipping treatment

Year Behavior Number Number Total
clipped unclipped

2018 Foraging 22 22 44
Nest searching 6 5 11

2019 Foraging 9 8 17
Nest searching 21 21 42

Totals 58 56 114

Methods

Field collections

For the initial phase of this study, we collected queens of
B. vosnesenskii in Monterey, CA, USA (Monterey, CA;
36°39'37.5"N 121°48'38.5"W) in 2018. After receiving
alarming results, albeit with low sample sizes (Table 1),
we repeated our collections at the University of Cali-
fornia McLaughlin Natural Reserve (Lower Lake, CA;
38°52'25.7"N, 122°25'56.2"W) in 2018 and again in 2019
in Monterey. We collected queens from each cohort with
aerial nets during a single visit to the field site. We catego-
rized queens according to their spring behavioral state dur-
ing capture as either nest searching (moving in a character-
istic nest searching pattern low to the ground investigating
potential nest cavities; Svensson et al. 2000) or foraging.
Upon capture, we placed queens in a cooler to temporar-
ily immobilize them. In the field, we removed each queen
in turn and took a tarsal clip from approximately half of
them (Table 1) following the methods of Holehouse et al.
(2003). For unclipped queens, we removed them from the
cooler and placed forceps on their tarsus to simulate a
similar amount of time out of the cooler and any effects of
handling. These methods are all standard practice in the
procurement of genetic samples from wild bumble bees.
All queens were returned to the cooler and transported
back to the rearing facility at the University of California
Harry J. Laidlaw Jr. Honey Bee Biology Facility. There
they were immediately placed into nesting boxes.

Queen rearing, survivorship, and nest establishment

We reared queens using common laboratory rearing tech-
niques in brood boxes (BioBest Group, Westerlo, Bel-
gium). We provided each queen with an initial 1.5 g brood
ball consisting of a mix of honey bee-collected pollen
(Koppert Biological Systems, Howell, Michigan) mixed
with a solution of 1:1 distilled water:Pro-Sweet (~77%
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sugar solids, Mann Lake, Woodland, CA) and ad libitum
access to 1:1 water Pro-Sweet solution supplied by a wick
feeder (Fig. 1b). We monitored queens every 1-2 days and
replenished their nectar and pollen as necessary.

During each monitoring event, we checked each queen
box for mortality or the presence of workers after brood
initiation. We followed consistent monitoring and feed-
ing protocols for all queens for 25 days. After 25 days, we
either culled queens if alive but showing no signs of broodi-
ness (i.e. not incubating egg masses in the brood ball) or
transferred them into full-size colony boxes. To determine
if clipping negatively affected queens, we conducted a
Kaplan—Meier survivorship analysis using the R package
survminer (Version 0.4.6; Kassambara et al. 2019). We fit
a survival curve with the number of days a queen was alive
as a function of clipping treatment, behavioral state (for-
aging or nest searching), and their interaction. Data were
right censored after 25 days. We conducted this analysis for
queens in 2018, 2019, and for all queens pooled across years.
To determine if clipping negatively affected queens’ ability
to produce workers, we used contingency tests of whether
the number of queens that produced at least one offspring
depended on clipping treatment. For this analysis we only
included queens who survived at least 25 days given that
dead queens could not produce workers.

Worker survivorship

We retained a subset of five large colonies (> 50 workers)
from which to investigate the effects of tarsal clipping on
worker survivorship. We transferred these colonies to larger
colony boxes and connected their entrances via tubes to
ports in the widows of the laboratory building (Fig. 1¢). This
allowed workers to forage freely by leaving the laboratory
building via the entrance/exit tube. We monitored worker
activity at this entrance using a 2-reader radio-frequency
identification (RFID) system (Kerr et al. 2019; Nunes-Silva
et al. 2019). We randomly selected 130 workers, measured
their body size (intertegular distance; ITD), and affixed an
RFID chip (mic3-TAGv, 64-bit RO, iID2000 13.56 MHz
system, 1.9 mm X 1.6 mm X 0.5 mm, Microsensys, Erfurt,
Germany) to the thorax of each bee under brief CO, anaes-
thetization. We took tarsal clippings from every other worker
as we pulled them from their colony for marking. Workers
were then returned to their colony and allowed to forage. To
estimate survival of tagged workers, we calculated detection
days as the day an individual was tagged until the last day it
was sensed by the RFID reader. Although this may not fully
cover the range of survival since it could be that clipping
reduces foraging and therefore a lack of detection rather than
mortality, it should represent an unbiased estimate of their
total activity across all individuals and in either event would
represent a loss of forager contribution to the colony. To

determine whether body size affected the impact of clipping
or survival, we categorized worker body size into four quar-
tiles thus creating eight groups (clipped/unclipped X each
quartile). We conducted survivorship analysis for up to
30 days by generating Cox Proportional Hazard Ratios with
detection days as the response and the eight worker groups
as the predictor using the coxph function within the pack-
age survival (Version 3.1.12; Therneau and Lumley 2015).

All analyses were conducted in R version 4.0.0 (R Core
Team 2020).

Results
Queen survival

Tarsal clipping did not affect overall queen survival
(Fig. 2a, x*=0.1, df=1, N=114, P=0.7) or the interac-
tion between clipping and behavioral state (Fig. 2b, X2= 3,
df=3, N=114, P=0.4). However, there was a significant
year effect with queens in 2019 having higher overall rates
of mortality (Cox Proportional Hazard Ratio=2.3, 95%
CI=1.10-4.9, P=0.027). Considering each year separately,
we found a significant negative effect of clipping on nest
searching queens in the first year (2018; Fig. 2c, X2= 16.8,
df=3, N=55, P<0.001), but not in the second year (2019;
Fig. 2d, x?=2.9, df=3,N=59, P=0.4).

Nest establishment

Of the 114 queens captured, only 30 ever produced at least
one worker (Table 2), due in part to a large second-day mor-
tality of queens in 2019. Of the queens that survived, clipped
queens were slightly less likely to produce a worker (37%
versus 47%), but this effect was not statistically significant
(x*=0.38,df=1,N=71,P=0.54).

Worker survival

Overall worker detectability was not affected by clipping
(X2 =1,df=1, N=130, P=0.3). However, clipped workers
in the smallest quartile were less likely to be detected than
unclipped workers of that, or any other, size class (Fig. 3).
Discussion

General discussion

Tarsal clipping stands as a reliable method for sampling
genetic material from wild bumble bees. However, our

inconsistent results suggest the need for further study among
more species and different ecological contexts to more
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Fig.2 Survival curves of Bombus vosnesenskii for collections of a all
queens whose tarsi were clipped (dashed lines) and unclipped (solid
lines), b all queens clipped and unclipped categorized by behavior at
time of collection as either foraging (black) or nest searching (grey),
¢ the 2018 cohort and d the 2019 cohort. Clipping had no signifi-

Table 2 The production of workers by queen (Bombus vosnesenskii)
across both years of the study (2018-2019)

Clipped? N Number of queens who Number of surviving queens
survived >25 days (%) who produced > 1 worker (%)

Yes
No

58 35 (60.3%)
56 36 (64.2%)

13 (37.1%)
17 (47.2%)
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cant effect on survival except in 2018, when clipped, nest searching
queens (gray, dashed line, ¢ had lower survival probability than all
other treatments. P-values generated from log-rank test of Kaplan—
Meier survival curves

accurately understand the potential negative side effects.
Clipping did not affect individual survival generally, but we
observed high mortality in nest searching queens one year
(Fig. 2) and in smaller workers (Fig. 3), suggesting greater
scrutiny of the effects of tarsal clipping is warranted within
the bumble bee conservation community. For instance, if
tarsal clipping can sometimes have large negative effects,
we must determine how to minimize those effects, whether
alternative methods may be available (e.g. extraction
of DNA from frass), and when the risk of the methodol-
ogy is worth the information it provides (e.g. determining



Journal of Insect Conservation

Lower estimated

<

__, Higher estimated

mortality mortality {ﬁ
Small ;

Unclipped (N=17) .
1)) - - |
n Clipped (N=16)
E Medium-small
U Unclipped (N=14) i
N Clipped (N=18) i
- — |ppe =
N _

Medium-large

| -
Q Unclipped (N=19) i
X g
| -
o Clipped (N=13) L
; Large ok

Unclipped (N=14)

Clipped (N=19) i

0.2 0.5 1 2 5

Cox Proportional Hazard Ratio
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measured by intertegular distance (ITD) and organized from small-
est (top) to largest (bottom) size class. Clipped workers within the
smallest class of ITD were detected less frequently than other size

inbreeding within populations prior to ex situ management
actions such as genetic augmentations or reintroductions;
Smith et al. 2020). Additionally, researchers seeking to use
tarsal clipping to estimate levels of lineage survival in the
field may want to consider how to adjust estimates to offset
effects of lethality.

We caution against extrapolating our results to full-scale
skepticism about tarsal clipping and instead present them to
spur more careful discussion and targeted research within
the conservation community. We did not observe negative
effects of clipping when we repeated our study in 2019, and
the original cohort (2018) that experienced negative effects
was a small sample of nest searching queens (Table 1).
Nevertheless, we should consider what deleterious effects
on nest searching queens might mean within the context of
bumble bee behavioral state. Mortality among nest searching

or clipping classes. Unclipped workers of the largest size class were
detected more frequently than any other category. Size class cutoffs
are quartiles representing small (below 25th percentile), medium-
small (50th), medium-large (75th), and large (100th) sized workers.
Significance derived from Wald statistic shown as *P<0.05 and
**P <0.01

queens exposed to clipping (i.e. mechanical disturbance)
may have simply revealed weakness among these individu-
als, and our manipulation sped along their demise. Thus, it
is possible that tarsal clipping may pose just enough addi-
tional stress to cause mortality in already stressed early-stage
bees but is not sufficiently stressful to negatively affect more
robust individuals. We noted that in 2018, the temperature of
our rearing facility fluctuated greatly as we learned to con-
trol the conditions within the room. The interaction between
a fluctuating temperature and the clipping treatment could
have triggered mortality. In 2019, we stabilized tempera-
tures in the rearing room. Targeted experimentation on tar-
sal clipping and environmental disturbance like heat waves,
pesticide exposure, and pollen collecting would reveal these
potential effects and more appropriately simulate conditions
queens experience within field settings. It is possible that
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the lethality of tarsal clipping observed in 2018 is due to
the combination of clipping and temporary cold storage of
queens while transporting them to the laboratory. However,
because we did not observe this pattern in 2019 and cold
transport of queens is well established in rearing protocols
(Malfi et al. 2019), this seems unlikely. Additionally, queens
reared in the laboratory do not need to forage and are not
subjected to the same risks or task sets as individuals in the
wild, so any interactions between clipping and experimental
conditions are likely smaller than the stressors encountered
by wild queens. Future studies using mark-recapture of wild
nesting queens to determine if clipped queens are detected
less often than unclipped queens may more appropriately
approximate these stressors.

Holehouse et al. (2003) stated that clipping had no nega-
tive effect on the size of workers produced after treatment
but did not look at the effects of clipping on individuals
across a range of body sizes. We observed reduced sur-
vival of clipped workers of the smallest size class (Fig. 3).
Given that sampling of wild-foraging workers rarely results
in more than a few individuals per colony being collected,
maybe even complete mortality would be of minimal con-
cern. However, colonies of many species appear to produce
smaller workers early in the season (Knee and Medler 1965;
Shpigler et al. 2013), and early-season foraging success is
particularly important for colony success (Malfi et al. 2019).
Thus, losses of even a single forager could have negative
demographic consequences. Losses of larger workers would
occur when colonies are also larger, thus reducing negative
effects on colonies and populations. Our results suggest that
researchers should avoid conducting tarsal clipping on early
season workers of sensitive species or declining populations
without a cost-benefit analysis comparing potential harm
against research benefit.

Conclusion

We hope our findings will lead to further, careful study of
the effects of tarsal clipping on multiple species, castes, and
ontogenetic phases of the bumble bee life cycle and other
taxa. In addition, molecular methods and DNA extraction
procedures have advanced since Holehouse et al.’s (2003)
important methodological study, so methods like frass sam-
ples should be revisited. For common species such as the one
investigated here, and populations considered stable, there is
no clear reason to reduce the use of tarsal clipping. Instead,
our results suggest caution and the need for further research
on sensitive species. In the interim, we suggest best practices
dictate we should avoid tarsal clipping of queens and early-
season or small workers of species in decline.
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