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Abstract

Background: Accurately assigning hatchlings to the eggs from which they hatched is a prerequisite to understand-
ing how the composition and environment of eggs affect the growth and survival of nestlings. Correctly assigning
hatchlings to their eggs can be a challenging endeavor, however, because multiple eggs within the same clutch can
hatch at essentially the same time. Egg and hatchling mass are highly correlated in most bird species, and thus assign-
ing eggs to hatchlings using their relative mass (e.g., matching the heaviest hatchling to the heaviest candidate egg)

could prove extremely useful.

Methods: To assess its potential utility, | applied relative mass assignment (RMA) retrospectively to a dataset of 133
Common Grackle (Quiscalus quiscula) nests in which all egg-hatchling dyads were determined unequivocally.

Results: |found that RMA correctly assigned approximately 90% of hatchlings to their eggs when 2—4 hatchlings
were present between checks. The number of nests in which hatchlings could not be assigned to their egg, however,
increased monotonically from 13 to 46 to 78% for nests containing 2, 3, and 4 hatchlings, respectively, due to the
greater likelihood that the mass of hatchlings or their candidate eggs was identical.

Conclusions: Although RMA correctly identified the vast majority of egg-hatchling dyads, researchers should use
this method with caution, because it will always inflate positive egg-size effects and thus could potentially result in

erroneously reporting significant effects.
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Background

Mothers have a variety of ways to manipulate the com-
position and/or environment of their eggs, including,
but not limited to: hatching asynchrony (Clark and Wil-
son 1981; Magrath 1990), yolk hormones (Groothuis
et al. 2005), sex allocation (Pike and Petrie 2003), egg size
(Krist 2011), incubation temperature (DuRant et al. 2009,
2011), and carotenoids (Royle et al. 2001; Blount et al.
2002). Assessing how these factors influence the growth
and survival of their offspring, however, first requires
being able to accurately match hatchlings to their respec-
tive eggs. This can be a challenging endeavor for many
bird species.
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Frequent nest checks can be employed to directly
observe the individual hatching of eggs, although
increased disturbance at the nest may lead to higher rates
of abandonment or predation. Even the most frequent
nest checks, however, can result in finding two hatchlings
within the same nest. Because egg and hatchling mass are
significantly correlated in most bird species (Williams
1994; Deeming and Birchard 2007), simply assigning the
heaviest hatchling to the heaviest egg (i.e., relative mass
assignment; RMA) in these situations could be tempt-
ing, as RMA would increase sample sizes and reduce the
number of nest checks required.

Here I present RMA as a new technique, at least to
my knowledge, that may be useful in studies of mater-
nal effects, and determine the accuracy of RMA by
applying the method retrospectively to a dataset where
Common Grackle (Quiscalus quiscula) hatchlings were
assigned to eggs unambiguously. Common Grackles
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are an appropriate species in which to test the utility of
RMA because hatchling mass is correlated with egg mass
(Howe 1976), egg size is variable both within and among
clutches (Howe 1976; Maddox and Weatherhead 2008),
and 2—4 eggs within a given clutch can hatch at approxi-
mately the same time (Howe 1976; Maddox and Weath-
erhead 2008).

Methods

I used an incubator with individual compartments to
unambiguously assign hatchlings to their respective eggs
as part of a larger study investigating maternal effects in
Common Grackles. Detailed descriptions of the study site
and field methods can be found in Maddox and Weather-
head (2008, 2009, 2012). Briefly, I found nests under con-
struction and monitored them daily until fledging. On the
day each egg was laid, I measured its mass (£0.1 g) and
numbered it sequentially with a nontoxic felt-tip marker.
When I observed at least one egg pipping from an indi-
vidual nest during my daily nest checks, I collected all the
eggs from the clutch and placed each egg in an individual
compartment within the incubator. In total, eggs from 133
nests were treated as such. Artificial eggs of similar size
and appearance were placed in nests to limit female aban-
donment. Upon hatching I measured the mass (£0.1 g),
wing chord (£0.1 mm) and tarsus (£0.1 mm) of each
hatchling before returning it to its respective nest.

When more than one egg hatched between checks of
the incubator or approximately every 1-2 h, I used RMA
to assign hatchlings to their respective eggs by rank-
ordering the mass of hatchlings and their candidate eggs
separately and assigning hatchlings to eggs of the same
rank (i.e., 1-1, 2-2, etc.). Because I knew the source egg
in each case, I could evaluate the error rate of RMA.
Typically two eggs from a given clutch hatched between
checks but finding 3—4 hatchlings was not uncommon.
This is essentially identical to what occurs in the field
with frequent nest checks.

Results

In 78 of the 133 clutches examined, two eggs hatched
between consecutive checks of the incubator. RMA cor-
rectly matched 122 (78.2%) hatchlings to their respec-
tive eggs, whereas 14 (9.0%) hatchlings were incorrectly
assigned. RMA could not be applied to 20 (12.8%) hatch-
lings because the mass of the two hatchlings or the two
candidate eggs was identical. For those egg-hatchling
dyads that were assigned correctly, paired differences
of egg and hatchling masses averaged 0.40 g £+ 0.03 SE
(range 0.1-0.9 g, n = 61) and 0.38 g &+ 0.04 SE (range
0.1-1.4 g, n = 61), respectively. For the 14 egg-hatchling
dyads that were assigned incorrectly, paired average dif-
ferences of egg (0.23 g + 0.07 SE; range 0.1-0.6 g) and
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hatchling (0.21 g & 0.04 SE; range 0.1-0.4 g) masses were
almost half that of correctly assigned dyads. Excluding
those hatchlings that could not be assigned, the error
rate of RMA when applied to two hatchlings was 10.3%
(14/136).

In 50 of the 133 clutches, three eggs hatched between
consecutive incubator checks. RMA correctly matched
66 (44%) hatchlings to their respective eggs, whereas
5 clutches (10%) had at least one incorrectly assigned
hatchling. Twenty-three (46%) nests contained at least
one hatchling that could not be assigned to an egg for
the reasons indicated above. Differences in egg mass of
correct assignments averaged 0.25 + 0.03 SE, whereas
wrong assignments averaged 0.26 £ 0.02 SE. Excluding
unassigned hatchlings, the error rate of RMA was 7.0%
(5/71).

In the remaining nine clutches, 4 eggs within the same
nest hatched between incubator checks. In one (14%)
clutch, all 4 hatchlings were assigned correctly to their
eggs. In another (14%) clutch, at least one hatchling was
incorrectly assigned. In 7 (78%) clutches, at least one
hatchling could not be assigned to an egg for the reasons
indicated above. Excluding unassigned hatchlings, the
error rate of RMA was 50% (1/2).

Discussion

RMA was largely successful at correctly assigning hatch-
lings to their respective eggs. The ability of RMA to
assign eggs, however, was highly dependent on the num-
ber of hatchlings present between checks. When applied
to >3 unknown egg-hatchling dyads the percentage of
hatchlings that RMA was unable to assign was substan-
tial, essentially eliminating its use in those situations.
Consequently, I focus the remaining discussion to those
cases where only two hatchlings were found between
checks. With only two hatchlings present, RMA may
prove to be a useful technique in some species, but its
widespread adoption will likely be restricted by several
shortcomings.

The accuracy of RMA is likely to vary directly with the
extent that egg and hatchling mass are correlated. RMA
will almost certainly perform below acceptable levels
when egg mass explains little of the variation in hatchling
mass. Indeed, those dyads that were incorrectly assigned
generally had greater residuals than correctly assigned
dyads (Fig. 1). Given that egg mass explained 82% of
the variation in hatchling mass in Common Grackles—
a high value for most bird species (Williams 1994)—and
yet still incurred a 10% error rate, RMA should be lim-
ited to species in which egg and hatchling mass are highly
correlated.

Restricting the application of RMA by a pre-estab-
lished minimum difference in egg or hatchling mass
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Fig. 1 Relative mass assignment performed better when the differ-
ence in egg mass was greater with incorrectly assigned eggs gener-
ally having greater residuals than correctly assigned dyads. Colors
indicate correct (green), incorrect (red), or unknown (blue) assign-
ments of egg-hatchling dyads

may improve the error rate, because the pair-wise dif-
ference in mass was smaller for incorrectly assigned egg-
hatchling dyads than those that were correctly assigned
(Fig. 1). Limiting RMA in the current dataset to only eggs
that differed in mass by >0.1 g, reduced the error rate in
half to 5%, but doubled the percentage of hatchlings that
were unable to be assigned from 13 to 27%. Limiting the
assignment of hatchlings had no discernible effect.

A potential pitfall of RMA not accounted for in the
present study is the ability of parents to feed hatchlings
between nest checks. Given the small difference in mass
between nest mates, any amount of food given differen-
tially to hatchlings could alter the mass difference relative
to their nest mate and thus potentially result in a wrong
assignment. This may prove negligible in many species,
especially in species where males provide little paren-
tal care, as it is likely that females would still be brood-
ing hatchlings and/or incubating eggs. Common Grackle
hatchlings, however, started begging for food immedi-
ately after hatching, and I did occasionally observe males
feeding hatchlings. Consequently, the error rate I report
here is likely a best-case scenario.

One modification to RMA that may improve its accu-
racy that the current study was unable to assess is to
measure egg mass directly before hatching. Given that
egg mass decreases during incubation due to water loss
as a result of embryonic development (Ar and Rahn
1980), egg mass obtained after this mass loss in addition
to or instead of fresh egg mass may decrease the number
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of incorrect assignments. Future studies will need to ver-
ify if this modification would markedly increase the accu-
racy of RMA.

Conclusions

RMA may prove to be a valuable tool for studies that
require known egg-hatchling dyads, although its accu-
racy should first be tested on the species in which it will
ultimately be applied. Its successful application will likely
be limited to those species where egg and hatchling mass
are highly correlated or within-clutch egg-size variation
is large. Researchers should be cognizant of the fact that
RMA is a one-tailed error—egg-size effects will always
be inflated—and thus could potentially result in errone-
ously reporting significant effects when in fact they do
not exist.
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