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Further details of which data can be used

A clear example of the problems that arise when considering whether population sex
ratios can be used to test for adaptive sex allocation is provided with helper at the nest
models. Originally, ‘repayment’ models (1, 2) attempted to predict how such behaviour
would influence the sex ratio bias expected at the level of the population, and suggested
that population sex ratios would be biased towards the sex that provides greater levels of
help. It has been argued that some data support these models (3). However, more
recently, Pen & Weissing (4) showed that the population sex ratio is predicted to depend
on additional factors such as whether clutch size is adjusted in response to the number of
helpers, something that cannot be assumed.

This contrasts with the situation for species that change sex or have environmental sex
determination, where theory has been relatively successful in predicting population sex
ratios (a bias towards the first sex or that produced in poorer conditions) (5-8). Despite
relying on the same basic theory, the situation in these organisms is simpler because
individuals control their own sex and so some of the complicating factors that may also
influence sex allocation (other reproductive decisions of the parent, parent-offspring
conflict over the sex ratio) are removed.

We have stated in the main text that there are a number of areas in which it is extremely
hard to make clear a priori predictions for the direction of sex ratio skew (e.g. maternal
condition and the sex ratio in mammals). However, we emphasise that whether there are
consistent patterns in such sex ratio skews remains a valid and important question for
study (and one that should be addressed with meta-analysis). However, the crucial point
is that in the absence of empirical data that also tests the underlying assumptions of
theoretical predictions, the discovery of an overall pattern could not be said to constitute
strong support for any theoretical model.

Obtaining data and analyses

We obtained data on bird and mammal species by searching the ISI Web of Science
(WOS), using the key words “bird/mammal” + “sex ratio/allocation”, and by forward-
searching based on citations of refs. (1, 9-11), and the citations within papers citing these
references . We used all studies published up to 1 September 2001 (see appendix table 1).
One of the studies on helper status (12) involved a subset of the data in another study
(13), so we used only the larger study in the analysis. We obtained data on parasitic wasp
species by: (a) searching Bath Information and Data Services (BIDS) during July 2000
for the words/phrases “sex ratio/allocation” + “host size/quality/age” +
“parasitoid/parasitic wasp”, and also by searching WOS in June 2001; (b) references
given in reviews on the topic (14-16); (c) references in all papers found with a & b. We
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found >120 papers dealing with host size dependent sex allocation, and from these we
were able to obtain r values from 65 studies on 56 solitary species.

We did not include data from two further studies in mammals that also support the
hypothesis that sex ratios should be adjusted in response to helper status. These studies
were on spotted hyenas (Crocuta crocuta) (17) and ringtailed lemurs (Lemur catta) (18).
We did not include these studies because their low replication at the level of breeding
group (N=1 and N=3 respectively), and lack of sex ratio data from concurrent breeding
groups meant that r values could not be calculated.

We followed standard meta-analysis practices, described in detail elsewhere (19-21).
Briefly, r values where calculated as described in Rosenthal (19), chapter 2; in most cases
this was determined by the equation forf  (page 19 of (19)), which is Pearson’s r applied
to dichotomous data, and can be calculated easily from c 2  values (either published
values, or in a large fraction of the parasitic wasps studies, we used the raw data to
estimate c 2 ); analyses were conducted on Z-transformed r-values to correct for
asymptotic behaviour of large values of r. When required, we obtained a mean value
from multiple studies on a single species by averaging Zr. All analyses were performed
using MetaWin 2.0 (21). Since sample sizes were often quite small, and error
distributions of effect sizes unknown, we bootstrapped to obtain confidence intervals
around mean effect sizes, and used randomisation to obtain exact P-values for specific
comparisons of groups.

We carried out a formal comparative analysis (using independent contrasts on species
mean effect sizes) to determine whether the pattern with parasitic wasp species was a
phylogenetic artefact (for example, whether it was driven by data from a single clade)
(22). We constructed a phylogeny following Basibuyuk, Quicke, Rasnitsyn & Fitton
(www.bio.ic.ac.uk/staff/dlq/tree.rtf) and Belshaw et al. (23), which provided six
independent contrasts, and calculated independent contrasts using the brunch routine of
the programme Comparative Analysis by Independent Contrasts (CAIC) (24).

Sex ratio adjustment in idiobiont and koinobiont wasps

King (14) examined a related question in 1989, by surveying the number of idiobiont and
koinobiont species that do and do not show significant shifts in sex ratio with host size
(see also (25)). However, this ‘vote-counting’ approach suffers from a number of
problems that can often lead to erroneous conclusions, and which are solved by the use of
meta-analytic procedures (21, 26). For example, vote-counting reduces a continuous
variable (statistical effect size) to a binary variable with an arbitrary cut off point (P =
0.05), which is largely determined by sample size. In addition, King made no attempt to
control for phylogenetic artefacts (22), and there have been a large number of further
studies published since, facilitating a more detailed and rigorous study.

Supplementary Information Table 1: Studies of individual variation in the sex ratio in
response to mate attractiveness (MATE) and the presence/absence of helpers (HELP) in
co-operatively breeding birds and mammals.
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Species Type of
Study

Effect
Size (r)

Sample
Size
(N)

Zebra finch Taeniopygia guttata1 MATE 0.352 30
Zebra finch Taeniopygia guttata2 MATE 0.452 26
Blue tit Parus caeruleus3 MATE 0.376 31
Collared flycatcher Ficedula albicollis4 MATE 0.394 79
Great reed warbler Acrocephalus
arundinaceus5

MATE -0.159 47

Barn swallow Hirundo rustica6 MATE -0.040 54
Great tit Parus major7 MATE 0.140 57
Blue tit Parus caeruleus8 MATE 0.439 21
Great tit Parus major9 MATE 0.137 84
Mallard Anas platyrhynchos10 MATE 0.250 16
Dark-eyed Junco Junco hyemalis11 MATE 0.027 48
Red-cockaded Woodpecker Picoides
borealis12

HELP 0.364 41.49

Seychelles warbler Acrocephalus
sechellensis13

HELP 0.546 178

Seychelles warbler Acrocephalus
sechellensis14

HELP 0.563 116

Green wood-hoopoe Phoeniclus
purpureus15

HELP 0.113 128

Laughing kookaburra Dacelo
novaeguineae16

HELP 0.455 38

African wild dog Lycaon pictus17 HELP 0.720 16

Notes:
1. Trait is band colour, and test-statistic calculated from table 1, assuming a sample

size of 30 males (27).
2. Trait is band colour, and test statistic is derived from the P-value associated with

figure 1a (11).
3. Trait is male over-winter survival, shown previously to be correlated with female

preference and subsequently with male UV plumage brightness (28).
4. Trait is male forehead patch width (29): see (30) for a reanalysis.
5. Trait is male song repertoire size (31).
6. Trait is male tail length (32).
7. Trait is male breast-stripe size, controlling for the effect of tarsus length (33) - p.

70, a univariate model with breast stripe width gives a standardised r = 0.270.
8. Relationship between UV-chroma and sex ratio within controls (34).
9. Trait is male breast-stripe width (35).
10. Trait is male attractiveness determined by choice trials, test-statistic from table 1

(36), with the sign of the relationship provided by A.F. Russell (pers. comm, 15
August 2001).
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11. Trait is testosterone implant status (with T-implant males assumed to be more
attractive) (37).

12. Sample size calculated as the number of offspring divided by mean clutch size
(3).

13. Relationship is between sex ratio and territory quality for the first offspring
produced by a pair (13).

14. Data are a subset of (13), so were not used in the meta-analysis (12).
15. Comparison of small and large flock sex ratios (38).
16. Association between clutch sex ratio and the type of helpers present (39).
17. Association between litter sex ratio and parity (40).
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Supplementary Table 2: Studies of variation in sex ratio in response to host size in
parasitic wasps.

Species Sample size (N) Effect size (r)

Idiobionts
Anisopteromalus calandrae (1) 1665 0.270
Anisopteromalus calandrae (2) 297 0.179
Avetianella longoi (3) 30 0.390
Brachymeria intermedia (4) 127 0.362
Bracon mellitor (5) 128 0.277
Catolaccus grandis (6) 30 0.376
Coccygomimus turionella (7) 50 0.503
Coeloides brunneri (8) 82 0.373
Coeloides sordidator (9) 757 0.262
Dendrocerus carpenteri (10) 261 0.224
Dinarmus basalis (2) 1329 0.213
Dolichomitus sp. (11) 204 0.764
Eupelmus vuilleti (12) 161 0.361
Eurytoma goidanichi (13) 118 0.540
Eurytoma morio (14) 1299 0.256
Heterospilis prosopidis (15) 1207 0.536
Heterospilus prosopidis (2) 993 0.221
Itoplectis cocquisitor (16) 86 0.284
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Itoplectis naranyae (17) 96 0.560
Lariophagus distinguendis (18) 1362 0.644
Lariophagus distinguendis (19) 1324 0.285
Metacolus unifasciatus (14) 3764 0.152
Metaphycus helvolus (20) 85 0.231
Metaphycus helvolus (20) 91 0.191
Muscidifurax raptor (21) 610 0.101
Muscidifurax raptor (22) 22 0.400
Pachycrepoideus vindemiae (23) 2609 0.798
Pimpla parnarae (24) 242 0.354
Pimpla turionellae (25) 455 0.256
Roptrocerus zylophagorum (26) 70 0.544
Spalagia cameroni (27) 24 0.754
Spalangia endius (28) 1489 0.036
Spalangia endius (29) 519 0.147
Spalangia endius (Florida) (30) 55 0.575
Spalangia endius (india) (30) 62 0.062
Tiphia popilliavora (31) 2225 0.660

Koinobionts
Aenasius vexans (32) 55 0.310
Alysia manducator (33) 262 0.541
Anagyrus pseudococci (34) 480 0.451
Aphelinus abdominalis (35) 290 0.637
Aphelinus mali (36) 16098 0.359
Aphidius ervi (37) 159 0.234
Aphidius nigripes (38) 19543 -0.131
Aphidius smithi (39) 113 0.051
Aphidius sonchi (40) 107 0.131
Biosteres tryoni (41) 4362 0.221
Campoletis sonorensis (42) 85 0.004
Casinaria arjuna (43) 1935 -0.160
Cotesia melanoscela (44) 132 0.097
Dacnusa sibirica (45) 436 0.128
Encyrtus saliens (46) 488 0.429
Ephedrus californicus (47) 510 0.299
Ephedrus californicus (48) 454 0.042
Ephedrus cerasicola (49) 179 -0.009
Epidinocarsis lopezi (50) 496 0.408
Hyposoter lymantriae (43) 2800 0.064
Leiophron uniformis (51) 551 0.080
Leptomastidae abnormis (52) 26 0.187
Leptomastix dactylopii 116 0.261
Leptomastix epona (53) 87 0.275
Microcharops anticarsiae (54) 318 0.221
Microplitis croceipes (55) 191 0.075
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Opius concolor (56) 1377 0.368
Pnigalio flavipes (57) 502 0.314
Trybliographa rapae (58) 155 0.013
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