
Wellesley College
Wellesley College Digital Scholarship and Archive

Faculty Research and Scholarship

5-21-2013

Partial ovary development is widespread in honey
bees and comparable to other eusocial bees and
wasps
Michael L. Smith

Heather R. Mattila
hmattila@wellesley.edu

Follow this and additional works at: http://repository.wellesley.edu/scholarship

Version: Publisher's version

This Article is brought to you for free and open access by Wellesley College Digital Scholarship and Archive. It has been accepted for inclusion in
Faculty Research and Scholarship by an authorized administrator of Wellesley College Digital Scholarship and Archive. For more information, please
contact ir@wellesley.edu.

Recommended Citation
Michael L. Smith, Heather R. Mattila & H. Kern Reeve (2013) Partial ovary development is widespread in honey bees and comparable
to other eusocial bees and wasps, Communicative & Integrative Biology, 6:5, e25004, DOI: 10.4161/cib.25004

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Wellesley College

https://core.ac.uk/display/217014165?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://repository.wellesley.edu?utm_source=repository.wellesley.edu%2Fscholarship%2F74&utm_medium=PDF&utm_campaign=PDFCoverPages
http://repository.wellesley.edu/scholarship?utm_source=repository.wellesley.edu%2Fscholarship%2F74&utm_medium=PDF&utm_campaign=PDFCoverPages
http://repository.wellesley.edu/scholarship?utm_source=repository.wellesley.edu%2Fscholarship%2F74&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:ir@wellesley.edu


This article was downloaded by: [Wellesley College]
On: 17 March 2015, At: 12:16
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House,
37-41 Mortimer Street, London W1T 3JH, UK

Communicative & Integrative Biology
Publication details, including instructions for authors and subscription information:
http://www.tandfonline.com/loi/kcib20

Partial ovary development is widespread in honey bees
and comparable to other eusocial bees and wasps
Michael L. Smitha, Heather R. Mattilab & H. Kern Reevea

a Department of Neurobiology and Behavior; Cornell University; Ithaca, NY USA
b Department of Biological Sciences; Wellesley College; Wellesley, MA USA
Published online: 21 May 2013.

To cite this article: Michael L. Smith, Heather R. Mattila & H. Kern Reeve (2013) Partial ovary development is widespread
in honey bees and comparable to other eusocial bees and wasps, Communicative & Integrative Biology, 6:5, e25004, DOI:
10.4161/cib.25004

To link to this article:  http://dx.doi.org/10.4161/cib.25004

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the information (the “Content”) contained in
the publications on our platform. Taylor & Francis, our agents, and our licensors make no representations or
warranties whatsoever as to the accuracy, completeness, or suitability for any purpose of the Content. Versions
of published Taylor & Francis and Routledge Open articles and Taylor & Francis and Routledge Open Select
articles posted to institutional or subject repositories or any other third-party website are without warranty
from Taylor & Francis of any kind, either expressed or implied, including, but not limited to, warranties of
merchantability, fitness for a particular purpose, or non-infringement. Any opinions and views expressed in this
article are the opinions and views of the authors, and are not the views of or endorsed by Taylor & Francis. The
accuracy of the Content should not be relied upon and should be independently verified with primary sources
of information. Taylor & Francis shall not be liable for any losses, actions, claims, proceedings, demands,
costs, expenses, damages, and other liabilities whatsoever or howsoever caused arising directly or indirectly in
connection with, in relation to or arising out of the use of the Content.
 
This article may be used for research, teaching, and private study purposes. Terms & Conditions of access and
use can be found at http://www.tandfonline.com/page/terms-and-conditions
 
It is essential that you check the license status of any given Open and Open Select article to confirm
conditions of access and use.

http://www.tandfonline.com/loi/kcib20
http://www.tandfonline.com/action/showCitFormats?doi=10.4161/cib.25004
http://dx.doi.org/10.4161/cib.25004
http://www.tandfonline.com/page/terms-and-conditions


www.landesbioscience.com Communicative & Integrative Biology e25004-1

Communicative & Integrative Biology 6:5, e25004; September/October 2013; © 2013 Landes Bioscience

 SHORT COMMUNICATION SHORT COMMUNICATION

*Correspondence to: Michael L. Smith; Email: mls453@cornell.edu
Submitted: 01/23/13; Revised: 05/08/13; Accepted: 05/08/13
Citation: Smith ML, Mattila HR, Reeve HK. Partial ovary development is widespread in honey bees and comparable to other eusocial bees and wasps. Commun 
Integr Biol; 6: e25004; http://dx.doi.org/10.4161/cib.25004

Honey bees meet all three traditional criteria for eusociality1,2 
and are considered to be at the extreme of the eusociality contin-
uum.3,4 One reason for this view is that they exhibit high repro-
ductive inequity (skew) in favor of the queen, in part because 
queens secrete chemicals that inhibit the development of workers’ 
ovaries.5,6 Because reproduction in a queenright honey bee colony 
is funneled almost exclusively through the queen, the genetic 
interests of colony members overlap greatly and the colony as a 
whole is expected to function as a highly cooperative, integrated 
and relatively harmonious “superorganism,”7,8 where individu-
als partition their energy in favor of between-group competi-
tion (i.e., within-group cooperation) rather than within-group 
competition.9

However, inhibition of workers’ ovary development is not 
perfect, providing opportunities for movement along a “superor-
ganism continuum”9 as reproductive conflict increases within col-
onies. Honey bee workers, who are unable to mate but are capable 
of producing eggs that give rise to haploid sons, produce ~7% 
of male eggs that are in colonies.10 About 1 out of every 10,000 
workers has fully developed eggs in their ovaries,11 so only a small 
proportion of workers lay these eggs and most eggs are removed by 
other workers after they are laid.11,12 Consequently, workers pro-
duce a vanishingly small percentage of adult males, about 0.12% 
per colony, giving workers very low rates of direct reproduction 
in queenright colonies.12 Workers with fully developed ovaries are 
rarely observed outside of colonies that are queenless13 or have 
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suppressed by queens and worker-laid eggs are destroyed by workers. While workers with fully developed ovaries are 
rare in honey bee colonies, we show that partial ovary development is common. Across nine studies, an average of 6% to 
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genetic mutations that give workers unusually high rates of repro-
duction in the presence a queen.14,15 Yet, there is an intriguing 
phenomenon that is often overshadowed by the starkly low num-
bers of workers with fully developed ovaries in queenright honey 
bee colonies—while full ovarian development in worker honey 
bees is rare, partial ovarian development is common.

Workers with partially developed ovaries have ovaries that 
are neither resting (i.e., no swelling of the ovarioles) nor at an 
advanced stage of development (i.e., completely elongated 
eggs visible within ovarioles)16 [based on Velthuis (with photo-
graphs)].17 Across several studies, the occurrence of workers with 
partially developed ovaries in queenright colonies is widespread, 
ranging from a mean of 6–43% of worker populations (Table 
1). When compiling these data, we only considered colonies that 
were headed by naturally mated queens that were not subject to 
experimental manipulation (i.e., controls). There was substan-
tial variation across these studies in the proportion of workers 
that had partially developed ovaries, which is probably attribut-
able to differences in year, location, season, genetics and dissec-
tion methodology.18,19 Nevertheless, it is clear that partial ovary 
development is consistently observed among workers in queen-
right colonies. This observation raises the question: if workers 
with only partially developed ovaries are effectively sterile, what 
is the significance of this incomplete investment in reproductive 
physiology? In particular, what implications does it have for our 
understanding of the extent of cooperation within honey bee 
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the eusocial Hymenoptera? Table 2 provides data on the degree 
of ovary development for wasps and bees other than Apis mel-
lifera. The table is not exhaustive and interspecies comparisons 
are complicated by differences in life histories, colony structure 
and degree of reproductive conflict among colony members. For 
example, many stingless bees produce trophic eggs that are used 
to feed queens, so it is difficult to discriminate the development 
of ovaries for laying trophic eggs from the production of repro-
ductive eggs.26 However, we can make some general statements 
across eusocial taxa regarding investment by workers in ovarian 
development. At first glance, it is clear that honey bees have very 
low proportions of workers with fully developed ovaries com-
pared with other species (Table 2). However, the level of partial 
ovary development in A. mellifera is comparable to other Apis 
species, stingless bees and wasps. If partial ovary development 
in honey bee workers reflects the first stages of becoming repro-
ductive, then substantial reproductive conflict persists among 
honey bees, even though they have been typically viewed as hav-
ing some of the strictest sanctions against worker reproduction,23 
sanctions that are apparently much stronger than in their closest 
eusocial relatives, the stingless bees.27 The widespread occur-
rence of partial ovary development indicates that a honey bee 
colony falls significantly short of being the “perfect” superor-
ganism and, instead, it hints at costly, actual reproductive con-
flict (sensu Reeve and Ratnieks) among its ranks.28 Importantly, 
natural variation in the frequency of partly activated ovaries in 
honey bee colonies (Table 1) that fluctuate with shifting colony 

colonies and our perception of them as superorganisms with 
closely aligned genetic interests?

The reasons why substantial numbers of honey bee work-
ers have partially developed ovaries remain unclear. While 
the potential costs to colonies of unrestrained reproduction by 
workers are avoided in honey bees,20 even small increases in the 
proportion of workers with partial ovary development are cor-
related with meaningful decreases in colony productivity, spe-
cifically colony-wide rates of foraging and recruitment (Figure 
2 in ref. 20). Even if the purpose for partial ovary development 
is to become reproductively ready for possible queen loss,12,21 
and not to reproduce in the presence of the queen when worker-
worker relatedness favors it,22 this selfish, albeit limited, invest-
ment by workers in their own reproductive potential still carries 
productivity costs for colonies. While highly effective policing 
may reduce conflict in honey bee colonies by making coopera-
tion, and not selfish reproduction, the best option for honey bee 
workers,23 substantial levels of partial ovary development prob-
ably signal some level of intracolony conflict. Bet-hedging work-
ers may be pushing ovary development only to the point where 
they can continue to avoid detection as reproductive cheaters24 
and the social sanctions (i.e., aggression) that come with it.25 If 
so, then these limited investments by selfish workers in possible 
future opportunities for reproduction may reduce cooperation 
among colony members below a theoretical maximum.

How does the phenomenon of partial ovary development in 
honey bees fit into a broader perspective of ovary development in 

Table 1. The occurrence of partial ovary development among workers in honey bee colonies

Study Scale
Mean % 

(± s.e.m.)
% 

Range
No. colonies (no. 

individuals)
Source of data

Amdam et al. (2006)30 1, 2, 3, 4 18±11 0–46% 4 (120)
Queenright colony pairs #5 and #6 (in Supplemental 

Material)

Backx et al. (2012)18 0, 1, 2, 3, 4 43±5 25–55% 5 (638)
Untreated queenright colonies

(data provided by authors)

Jay (1970)31 0, I, II 6±1 4–9% 4 (300)
Queenright controls

(from Tables 1 and 2)

Kropacova and Haslbachova 
(1969)32 I, II, III, IV, V 17±1 14–21% 6 (3,540) Non-swarming queenright colonies (from Figure 1)

Kropacova and Haslbachova 
(1970)33 I, II, III, IV, V 37 n/a 7 (390)

Pre-swarming queenright colonies

(from Figure 1)

Kropacova and Haslbachova 
(1971)34 I, II, III, IV, V 31 n/a 3 (2,700)

Group IV: unmanipulated control

(from Figures 1–3)

Makert et al. (2006)35 A, B, C 13±5 8–18% 2 (137)
Queenright colonies A and B

(from Table 2)

Mattila et al. (2012)21 0, 1, 2, 3, 4 22±3 0–50% 14 (521)
Naturally mated queens in 2008; queenright halves 

in 2010

Woyciechowski and 
Kuszewska (2012)29 1, 2, 3, 4 27± 8 0–57% 6 (180)

Queenright colonies #1–3, #7–9

(in Supplemental Material)

Data were collated from multiple studies; values are provided for colonies in those studies only if they were queenright, had naturally mated queens, 
and had not undergone an experimental manipulation (i.e., they were control colonies; see notes in far right column). Cited authors used a variety of 
scales to score ovary development (second column); we considered scores in bold to fall into the category of partial ovary development, according to 
Pernal and Currie (2000) and based on images in Velthuis (1970).17 Authors combined colonies when reporting ovary development, so range and s.e.m. 
were not available.
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Family Study Species
No. colonies  

(no. individuals)
% Ovary development

Notes about source of data
Resting Partial Fully

Apidae

(Tribe Apini)

Mattila et al. 
(2012)21 Apis mellifera 11 (220) 83% 15% 2%

Naturally mated queens in 
2008

Wattanachai-
yingcharoen et 

al. (2006)36

Apis dorsata 8 (1,902) 66% 34% 0%
Partial = visible ovarioles

(from Table 2)

Oldroyd et al. 
(2001)37 Apis cerana 4 (800) 24% 71% 5%

Resting = ovarioles not dis-
cernible; partial = ovarioles 

visible;

fully = eggs < 50% full sized

(from Table 1)

Apidae

(Tribe Meliponini)
Sakagami et al. 

(1963)38

Lestrimelitta ehrhardti 1 (14) 64% 36% 0%

Resting = A + F

partial = B + C + E;

fully = D;

data combined for bees 
in stage II (nurses) and III 

(guards)

(from Table 1)

Trigona spinipes 1 (20) 20% 30% 50%

Trigona freiremaiai 1 (31) 48% 52% 0%

Trigona jaty 1 (21) 19% 38% 43%

Plebeia droryana 1 (20) 50% 35% 15%

Partamona schrottkyi 1 (21) 52% 19% 29%

Partamona cupira 1 (30) 90% 7% 3%
Nannotrigona testacei-

cornis
1 (30) 73% 10% 17%

Nannotrigona postica 1 (30) 63% 7% 30%
Nannotrigona xan-

thothryca
1 (21) 4% 48% 48%

Nannotrigona bipunctata 1 (20) 20% 30% 50%

Meliponula bocandei 1 (24) 42% 50% 8%

Melipona quadrifasciata 1 (10) 0% 20% 80%

Melipona marginata 1 (22) 23% 27% 50%

Vespidae

(Tribe Epiponini)

Felippotti et al. 
(2010)39

Clypearia sulcata 3 (98) 54% 25% 21% Resting = A;

partial = B;

fully = C + D

(from Table 1)

Clypearia angustior 1 (14) 45% 33% 22%

Clypearia duckei 1 (119) 34% 12% 54%

Gelin et al. 
(2008)40 Angiopolybia pallens 9 (549) 42% 20% 38%

Resting = A;

partial = B;

fully = C

(from Table 1)

Mateus et al. 
(2004)41 Parachartergus fraternus 5 (1,153) 65% 3% 32%

Resting = pattern 1;

partial = pattern 2 + 3;

fully = pattern 4 + 5

(from Table 1)

Vespidae (sub-
family Vespinae)

Ross (1984)42

Paravespula flavopilosa 1 (40) 95% 5% 0% Resting = 1;

partial = 2;

fully = 3 + 4

(% estimated from Figure 2)

Paravespula germanica 1 (40) 85% 10% 5%

Paravespula maculifrons 1 (40) 79% 12% 9%

Paravespula vulgaris 1 (40) 85% 7% 8%

Data reported are for queenright colonies with naturally mated queens (see notes in far right column).

   Table 2. Comparison of ovary development for workers of multiple species of bees and wasps (Order Hymenoptera) 
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