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ABSTRACT

NEPSHINSKY, M., TAYLOR, S.S., LIECHTY, J.S., MINOR, A.K., WINDHOFFER, ED. & PIERCE, A.R. 2021. Morphometric sex
determination of breeding adult Royal Thalasseus maximus and Sandwich terns 7. sandvicensis in Louisiana. Marine Ornithology 49: 127-132.

Many seabirds have sex-specific traits, including survival, philopatry, behavior, and diet, information that is essential for effective conservation
strategies. The difficulty of sexing monomorphic seabirds, however, has resulted in a lack of information on these important traits and an
incomplete understanding of the ecology of many species. We used a polymerase chain reaction (PCR)-based sexing approach to determine
if Royal Thalasseus maximus and Sandwich terns 7. sandvicensis in Louisiana, USA can be accurately sexed using morphometrics. DNA
samples and morphological measurements were obtained from Royal Terns (n = 106) and Sandwich Terns (n = 112) to accurately identify
sex and compare gender differences in morphological measurements. In both species, males had greater bill length and head + bill length
relative to females. Sexual size dimorphism ranged from 0.0%—4.7% in Royal Terns and 0.4%-3.5% in Sandwich Terns. Using discriminant
function analysis, equations correctly assigned sex in 75% of Royal Terns using head + bill and wing chord measurements and in 82% of
Sandwich Terns using head + bill and mass measurements. Our methods provide an accurate and economical field-sexing technique for

Royal and Sandwich terns, enabling research into sex-based differences in behavior, physiology, and ecology.

Key words: molecular sexing, monomorphic, Polymerase chain reaction (PCR), seabird, sexual size dimorphism

INTRODUCTION

Demographics, behavior, and physiology often differ between male
and female seabirds, yet many seabird species are monomorphic.
The difficulty of determining sex in monomorphic species has often
left sex-specific traits unaddressed by researchers, resulting in an
incomplete understanding of species ecology. Recent research has
demonstrated sex-biases in survival (Nichols et al. 2004), mortality
(Ryan & Boix-Hinzen 1999, Gianuca et al. 2017), natal philopatry
(Becker et al. 2007), diet (Nisbet er al. 2002), foraging strategies
(Lewis et al. 2002, Garcia-Tarrason et al. 2015, Gwiazda & Ledwon
2015), physiology (Ackerman et al. 2008), and parental care
(Fasola & Saino 1995, Reichert & Becker 2017), highlighting the
importance of such information for a comprehensive understanding
of seabird natural history. The development of effective sexing
techniques in monomorphic species would support research on the
extent and importance of currently unexplored sex-specific traits
and could help in the design of conservation strategies.

Multiple methods are used to determine the sex of seabirds,
including acoustic analysis (Bourgeois et al. 2007), cloacal
measurements during the breeding season (Copestake et al. 1988),
and molecular analysis (Morinha et al. 2012). Among these
methods, molecular analysis is extremely reliable but can be

time-consuming and expensive (Dechaume-Moncharmont et al.
2011, Morinha er al. 2012). A potentially reliable, cost-effective
way to determine the sex of sexually-monomorphic birds is to
use morphometric measurements (Dechaume-Moncharmont er
al. 2011). Morphometric measurements can be taken in the field,
and they are economical and less invasive. Therefore, recent avian
sexing studies have focused on developing discriminant function
equations that use morphometric measurements to determine sex
within seabird species (Dechaume-Moncharmont ez al. 2011).

Investigations using morphometric measurements to sex seabirds
have focused on identifying those measurements that are most
effective in classifying sex. For example, the length of the head
plus bill (henceforth head + bill) correctly sexed 73% of Common
Terns Sterna hirundo and 72% of Arctic Terns S. paradisaea
(Fletcher & Hamer 2003). In contrast, wing chord and five separate
head measurements were used to correctly sex 78% of Sooty Terns
Onychoprion fuscata (Reynolds et al. 2008). Overall, seabird sex
classification rates from previous studies have ranged 72.0%-—
94.0% using morphometric measurements (Fletcher & Hamer 2003,
Bluso et al. 2006, Palestis et al. 2012, Lisnizer et al. 2014).

Royal Terns Thalasseus maximus and Sandwich Terns 7. sandvicensis
are two monomorphic seabird species that nest abundantly on
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Louisiana’s coastal islands. Louisiana is experiencing the highest
rates of coastal wetland loss in the United States (Couvillion et al.
2011), which has important implications to breeding seabirds and
emphasizes the importance of understanding their basic biology and
ecological needs. Previous research on Royal and Sandwich tern
diet composition (Liechty er al. 2016) and survivorship (Liechty
et al. 2017) provided important information, but it did not address
the role of sex-bias. Towards enhancing effective conservation
strategies for Royal and Sandwich terns, the objective of this study
was to determine whether morphometric measurements can be used
to reliably determine sex in these species.

METHODS
Study area

The Isles Dernieres Barrier Islands Refuge (IDBIR) is a chain
of barrier islands located off the coast of southeast Louisiana
(29°03'N, 90°57'W to 29°05'N, 90°36'W; Fig. 1) and is one of
the most vulnerable areas to coastal land loss in the United States
(Lindstedt 2005). The IDBIR is currently composed of five islands
spanning approximately 32.5 km (from east to west): Wine, Trinity,
Whiskey, East Raccoon, and West Raccoon. Large breeding colonies
(approximately 7000 breeding pairs) of Royal and Sandwich terns
occurred on East Raccoon during the study period (Raynor et al.
2012, Windhoffer 2017).

Data collection

Adult Royal and Sandwich terns were captured using a hand net at
breeding colonies in May and June 2014-2016. Adults aggressively
defend their nests around the time of egg hatching and can be
closely approached, facilitating capture. Measurements of tarsus,

head + bill length, and bill length were taken to the nearest 0.1 mm
using calipers, and un-flattened wing chord was taken to the nearest
1 mm using a wing ruler. Body mass was measured to the nearest
gram using a spring scale. Blood samples were taken from the
brachial vein following avian bleeding methods outlined in Owen
(2011). Blood samples were stored in a 1.5-mL plastic microtube
and mixed with 1.0 mL of Queen Lysis Buffer solution (Seutin et
al. 1991).

Molecular analysis

DNA from each blood sample (blood and buffer mixture) was
extracted using the QIAGEN® DNeasy® Blood & Tissue Kit
Quick-Start Protocol for nucleated blood (QIAGEN 2011). The
protocol was slightly modified to extract DNA from avian blood,
such that 20 mL of proteinase K (Product No. 19133) was added to
a new 1.5 mL microcentrifuge tube together with 100-150 mL of
blood sample. Between 50 mL and 100 mL of phosphate buffered
saline (PBS) was added to the mixture to a total of 220 mL. The
1x PBS solution consisted of 137 mM NaCl, 2.7 mM KCI, 10 mM
Na,HPO,, and 2 mM KH,PO,. Otherwise, the extraction followed
the manufacturer’s protocol. Each set of extractions included a
negative control to ensure that there was no cross contamination
among samples. The negative control consisted of 20 mL of
proteinase K and 200 mL of PBS.

DNA was eluted with 200 mL Buffer AE and the amount of DNA
in each sample was measured using a NanoDrop 2000. If the DNA
concentration was < 2.0 ng/mL, additional blood was extracted
to ensure that there was enough DNA available for amplification.
Randomly selected blood samples were processed twice for both
Royal Terns (n = 14) and Sandwich Terns (n = 12) to ensure
accuracy in sexing methods (Daniel et al. 2007).
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Fig. 1. Location of the Isles Dernieres Barrier Islands Refuge in south Louisiana, USA, including (from east to west): Wine Island, Trinity Island,
Whiskey Island, East Raccoon Island, and West Raccoon Island. Inset at top right shows the study location relative to the continental USA.
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Following  extraction, DNA  was amplified with
polymerase chain reaction (PCR) and primers CHDaF
(5'-TTCTCTCAGATGGTGAGGATG-3") and CHDaR

(5'-TCCTCAATTCCYCCTTTTTATTGA-3'; Peters et al. 2014),
which amplify the chromo-helicase DNA binding gene on the avian
sex chromosomes W and Z. PCR reactions consisted of 10 mM of
both the forward and reverse primers, 10x Buffer (New England
BioLabs, Product No. B9015S), 8 mM dNTPs (New England
BioLabs, Product No. N0447S), 1.5 mM MgCl, (New England
BioLabs, Product No. B9021S), 0.1 mL of 7Tag DNA polymerase
(New England BioLabs, Product No. B9014S), 1.0 mL of eluted
DNA, and nanopure water for a total reaction volume of 10 mL.
The PCR conditions followed Peters et al. (2014), which consisted
of an initial denaturation step of 94 °C for one minute and then 45
cycles of 94 °C for 20 seconds, 58 °C for 20 seconds, 72 °C for
one minute, with a final elongation step of 72 °C for seven minutes.

The PCR products (4 mL) combined with 1.2x EZ-VISION®
DNA Dye Loading Buffer (2.0 mL; AMRESCO; Product No.
N313) were visualized on 1.0% agarose gels. A molecular standard
(New England BioLabs 100 base pair DNA ladder, Product No.
N3231S) was loaded in the first well on each row to ensure that
the PCR products were in the right size range. For most avian
species, including terns, chromosome Z is present in both males and
females, and primers amplify a region between 600 and 650 base
pairs; in contrast, chromosome W occurs only in females, and
primers amplify a region between 400 and 450 base pairs (Lisnizer
et al. 2014). Thus, the presence of two bands indicated a male bird,
whereas a single band indicated a female bird.

Statistical analysis

A univariate two-tailed 7-test was performed on each morphometric
measurement (mass, bill length, head + bill length, wing cord,
and tarsus length) to determine if there was a difference between
males and females of each species (means + standard error (SE)
reported). Sexual size dimorphism (SSD) was calculated following
Fletcher & Hamer (2003). SSD provides an indication of how
different males and females are for a given characteristic, with
a greater SSD indicating a greater difference between males
and females. Discriminant function analysis (DFA) was used to
determine if morphometric measurements could be used to reliably
sex both species. Each discriminant function equation was created
using morphometric measurements (Dechaume-Moncharmont et
al. 2011). The DISCRIM function in program SAS (SAS Institute,

TABLE 1
Mean (+ standard error) morphometric measurements
and sexual size dimorphism (SSD) of adult male and
female Royal Terns Thalasseus maximus breeding
on the Isles Dernieres Barrier Islands Refuge, Louisiana, USA
in May and June 2014-2016

Inc. 2008) was used to classify males and females into groups based
on morphometric measurements and to identify which variables
were retained by the DFA. In addition, Wilks” Lambda was used
to determine if the discriminant function analysis was significant
(P < 0.05) between males and females for each species. Lastly,
a jackknife cross validation was performed under the DISCRIM
program to measure the accuracy of the DFA.

RESULTS

Morphometrics and blood samples were collected for 106 Royal
Terns and 112 Sandwich Terns over the study period. Molecular
analysis identified 74 male and 32 female Royal Terns, and 51 male
and 61 female Sandwich Terns. The repeated molecular analysis of
a subset of Royal Terns (n = 14) and Sandwich Terns (n = 12) was
100% consistent with previous results, attesting to the high level of
repeatability of the molecular methods used in this study.

Univariate analysis revealed that two of the five morphometric
measurements, head + bill and bill, were significantly greater
in males than females of both species (Tables 1 and 2). Mean
head + bill length for male Royal Terns (range 122.4-139.5 mm)
was 4.4 mm greater than in females (range 117.4-129.9 mm), and
male mean bill length (range 61.4-72.4 mm) was 3.0 mm greater
than in females (range 60.6-69.0 mm). In Sandwich Terns, male
mean head + bill length (range 95.9-107.6 mm) was 3.5 mm greater
than female head + bill length (range 90.2-107.4 mm), and mean
bill length was 1.8 mm greater for males (range 49.6—60.0 mm) than
females (range 46.5-60.3 mm). Sexual size dimorphism for the five
measurements ranged 0.0%—4.7% in Royal Terns and 0.4%-3.5%
in Sandwich Terns.

DFA equations retained the variables head + bill and wing chord
for Royal Terns and head + bill and mass for Sandwich Terns. The
Wilk’s Lambda multivariate analyses revealed that DFAs were
significant (P < 0.01). The jackknife cross validation revealed that
82.1% of Royal Terns and 75.0% of Sandwich Terns were correctly
classified based on the DFA for each species. Lastly, the canonical
scores generated by the DFAs were used to illustrate the distribution
of males and females based on DFAs for both species (Figs. 2, 3).

DISCUSSION

Molecular analysis was effective in classifying males and females
of both Royal and Sandwich terns, such that repeated analyses were

TABLE 2
Mean (+ standard error) morphometric measurements
and sexual size dimorphism (SSD) of adult male and
female Sandwich Terns Thalasseus sandvicensis breeding
on the Isles Dernieres Barrier Islands Refuge, Louisiana, USA
in May and June 2014-2016

Variable (,,l\ia;a) gf:‘glze) P value SSD Variable (nM=a1561) 5:‘__“2'1‘; P value SSD
Bill (mm) 67102 641+03 <001 4.68%  Bill (mm) 549+03 53.1+03 <001 3.39%
Head + Bill (mm) 128004 123.6£05 <001 3.56%  Head+Bill(mm) 102303 988+04 <001 3.54%
Tarsus (mm) 335+£03 335+04 097 0% Tarsus (mm) 26103 258+03 029 1.16%
Wing Chord (mm) 3764 +0.7 375621 068 021%  Wing Chord (mm) 297.4+2.1 2962+10 057 041%
Mass (g) 4615+3.6 449765 009 2.62%  Mass (g) 2084+ 18 2039+23 013 221%
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100% consistent with each other. The molecular results showed an 1995) or differences in aggression between sexes, whereby tending
approximately equal sex ratio among captured Sandwich Terns, but males were more likely to be captured due to more aggressive defense
over twice as many Royal Tern males were captured than females. of young chicks (Yorio & Quintana 1997). The sex-bias of Royal
The observed male-dominated sex-bias in sampled Royal Terns could Terns captured in our study highlights the importance of sex-based
be due to differential allocation of parental duties (Fasola & Saino research and the need for accurate and economical sexing methods.
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Fig. 2. Frequency distribution of adult breeding male and female Royal Tern Thalasseus maximus canonical discriminant function scores
based on head + bill length and wing chord length (n = 106) caught in May and June 2014-2016 on the Isles Dernieres Barrier Islands

Refuge in Louisiana, USA.
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Fig. 3. Frequency distribution of adult breeding male and female Sandwich Tern Thalasseus sandvicensis canonical discriminant function
scores based on head + bill length and mass (n = 112) caught in May and June 2014-2016 on the Isles Dernieres Barrier Islands Refuge in

Louisiana, USA.
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Bill and head + bill measurements were found to be significantly
greater in males than females for both Royal and Sandwich terns.
These measurements also differ between sexes of other tern
species, with head + bill frequently used in discriminant functions
(Devlin et al. 2004, Bluso et al. 2006, Nisbet et al. 2007, Fletcher
& Hamer 2003, Shealer & Cleary 2007, Reynolds et al. 2008,
Ackerman et al. 2008, Ledwon 2011, Palestis et al. 2012, Lisnizer
et al. 2014). A recent study on Royal Terns and “Cayenne Terns”
(T s. eurygnathus) in Patagonia found similar results to ours
(Lisnizer et al. 2014). In that study, Cayenne Tern males had larger
bill depth, bill length, and head length, and male Royal Terns had
larger head length than females. Overall, the study correctly sexed
78% and 75% of Cayenne Terns and Royal Terns, respectively.
Mean measurements between our study and Lisinzer et al. (2014)
indicate potential variability between populations, demonstrating
the need for establishing morphological determinants of sex for
individual populations.

Head + bill and wing chord variables were retained in the DFA
equation for Royal Terns and resulted in the 82.1% classification
rate. For Sandwich Terns, the DFA equation retained head + bill and
mass. The mass variable has been excluded in other studies due to
its variability between winter and breeding seasons, in which there
are equal foraging rates between males and females in the winter
but not in the summer (Croxall 1995). In our study, both Royal
and Sandwich terns were banded and measured only during the
breeding season, thus eliminating the variability between seasons.
However, seabird mass may still fluctuate throughout the breeding
season, depending on breeding phase and the availability of food
(Paredes et al. 2015).

Morphometric measurements may eliminate the need to use the
invasive procedures that are required for molecular analysis, such
as blood extraction (Owen 2011). The jackknife cross validation
in our study confirmed that 82.1% and 75.0% of breeding adult
Royal and Sandwich terns, respectively, were correctly classified
in our study using morphometric measurements. Both classification
rates fall within the range, 72.0%-94.0%, of similar species
classifications studies (Fletcher & Hamer 2003, Bluso et al.
2006, Palestis et al. 2012, Lisnizer et al. 2014). The ability to use
these basic measurements to determine the sex of breeding adult
Royal and Sandwich terns can enhance further investigations
into demographics, physiology, diet, and behavior. However, the
usefulness of morphometric measurements to determine the sex
of Royal and Sandwich terns is clearly limited, and thus, may be
inadequate for the enhancement of some investigations that require
greater accuracy in sex determination.
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