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A DESCRIPTION AND EVALUATION OF TWO TECHNIQUES 
FOR SEXING WINTERING SANDERLINGS 

BY J. L. MARON AND J.P. MYERS 

Few wintering shorebirds have external characteristics that readily 
permit sexual identification even with bird in hand (Prater et al. 1977, 
Harrington and Taylor 1982, Skeel 1982). In this paper we compare 
two techniques, laparotomy and discriminant function analysis, for sex- 
ing adult wintering Sanderlings (Calidris alba). Laparotomy is a surgical 
procedure in which a small hole is made in a live bird's body cavity, 
enabling direct inspection of the gonads (Risser 1977). Discriminant 
function analysis is a statistical procedure in which several morphological 
variables are combined, in this case, to predict the likely sex of a mea- 
sured individual (Cooley 1971, Reese and Kadlec 1982, Skeel 1982). 

MATERIALS AND METHODS 

Adult Sanderlings at Bodega Bay, California, were captured through 
the winter of 1982-1983 using mist nets placed around roosts on beaches 
at night (for a description of the study site see Connors et al. 1981). 
Birds were aged (sensu Prater et al. 1977), measured, and weighed the 
night of capture and kept overnight before release. Laparotomies were 
performed the morning after capture. 

Laparotomies.--Laparotomies were performed in the standard way 
(Risser 1971) using an otoscope to help view the gonads. Laparotomies 
took 2 min or less and there was no need to sew the incision shut. Birds 

that were laparotomized were marked with unique combinations of 
plastic leg-bands and released within 30 min after surgery. 

The survival of laparotomized birds in the wild was monitored by 
searching for these individuals one week and then 3 weeks after release. 
Laparotomized birds were resighted as part of a study examining Sand- 
erling site fidelity at Bodega Bay (Myers 1980, in press). 

Discriminant function analysis.--Laparotomized adult Sanderlings were 
measured for maximum wing chord, tarsus, and bill length (the latter 
measured from the tip of the bill to the proximal end of the nares). 
These variables were then used in a discriminant function analysis to 
determine the potential effectiveness of this statistical procedure for 
sexing Sanderlings. 

Discriminant function analysis linearly weights and combines the mor- 
phometric characters to produce a multivariate function that maximizes 
statistical separation of the sexes. Its strength is that it pools information 
available from several morphometric variables rather than relying on 
one, as is usually the case in wader studies (Prater et al. 1977). Once 
discriminant functions are obtained, one can derive functions that clas- 
sify cases of unknown sex. Stepwise discriminant function analysis was 
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TABLE 1. Mean (and standard deviation) bill, wing chord, and tarsus length for adult 
male and female Sanderlings (mm). 

Sex n Bill length Tarsus length Wing chord 

Male 42 22.4 (.88) 25.9 (.92) 123 (3.2) 
Female 18 24.4 (.85) 26.8 (.82) 126 (3.6) 

performed using the SPSS programs (Nie et al. 1975) at the University 
of California, Davis, computer center. Measurements from 15 adult 
females and 34 adult males were used in the analysis. 

RESULTS 

Laparotomies.--Of 34 Sanderlings laparotomized and color-banded, 
at least 97% were alive and behaving normally one week after release, 
and at least 90% were alive at least 3 weeks following surgery. Thus, 
only 10% were not seen at least 3 weeks post-surgery. 

No difference was found between the survival of laparotomized birds 
and other adults caught at the same time but not surgically sexed, al- 
though the limited sample size for unsexed birds (n = 17) reduces the 
power of this comparison (x 2 = .117; df = 1; n = 52). 

Discriminant function analysis.--The distributions for bill, maximum 
wing chord, and tarsus measurements overlap considerably for adult 
male and female Sanderlings (Table 1). The male:female ratios for 
these mean values are .93, .96, and .96, respectively. In the stepwise 
discriminant function analysis, bill length entered the equation first and 
contributed most to the discrimination. Maximum wing chord entered 
second and significantly improved the separation. Tarsus length did not 
improve the discrimination significantly after bill length and wing chord 
had been considered. Standardized discriminant function coefficients 

for bill, wing chord, and tarsus were .968, .478, and .467, respectively. 
Individuals were statistically assigned to sex using classification func- 

tions, 

C = 19.8 B + 142.4 W - 1101 (males) 

C = 22.3 B + 144.7 W - 1188 (females) 

where C is the classification score, B is bill length, and W wing length. 
In this classification procedure, 94% of 34 males and 87% of 15 females 
were correctly classified, or 92% of 49 overall. Using the pool of lapa- 
rotomized birds, discriminant analysis assigned 91% of these individuals 
correctly. Figure 1 shows the distribution of males and females within 
this sample along the discriminant function axis. 

The discriminant score, D, was calculated from the discriminant func- 
tion: 

D= 1.163 B- .513W- 26.12 
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FIGURE l. Frequency histograms of discriminant scores for males (open) and females 
(shaded). See text for discriminant function, 

This represents the number of standard deviation units a given individ- 
ual lies from the mean of all Sanderlings used in the analysis. The 
discriminant score allows an estimate of the probability that a particular 
individual of unknown sex is male or female (Fig. 2; Nie et al. 1975). 
Mean discriminant scores for males (n = 39) and females (n = 17) were 
-.733 and 1.682, respectively. 

DISCUSSION 

Detailed studies of wintering shorebirds reveal marked intrapopula- 
tional differences in individual behavior (Recher and Recher 1969, Myers 
et al. 1979, Myers 1984). Age and sex often contribute to these 
differences (Groves 1978, Johnson et al. 1981, Puttick 1981, Zwarts 
1981, Goss-Custard et al. 1982). This makes accurate determination of 
sex vital. Laparotomies proved to be a quick, reliable, and safe method 
for sexing Sanderlings. The estimate of 97% survivorship after 1 week 
is conservative, since Sanderlings often move in and out of our local 
study area (Myers 1984). 

Discriminant function analysis was also successful, certainly more so 
than any univariate approach, despite the common continued use of 
such methods. Discriminant function analysis ought to be the choice for 
those who must avoid surgery's potential effects on behavior. 

Discriminant function analysis is not without problems, however. First, 
91% correct classification does not imply that the likelihood of sexing 
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FiCt•RE 2. Probability of correct classification as a function of discriminant score. Open 
circles: probability of being male. Closed circles: probability of being female. 

a particular individual is .91. This will depend upon where a bird lies 
along the discriminant axis (Fig. 1). The predictive power of discrimi- 
nant function analysis is weakened considerably where the two distri- 
butions overlap (Fig. 2). Figure 3 illustrates the consequences of this for 
studies where certainty of sex is important. For example, if the study 
requires that the certainty of correct classification to male or to female 
exceeds .95, only 59% of birds classified will reach this criterion. 

Second, the usual means of testing the effectiveness of a discriminant 
function analysis is to take the individuals of known sex used to generate 
the discriminant function and then ask what fraction is correctly clas- 
sified in a retrospective test. Since the same individuals that are used to 
create the discriminant function are again used to test its accuracy, this 
procedure has a strong element of circularity. To examine this problem 
we used the discriminant function procedure to classify laparotomized 
birds that were not involved in generating the discriminant function. 
Of 11 individuals, 9 (82%) were correctly classified. Hence the utility 
of discriminant function analysis may be lower than suggested by typical 
studies, especially those with small samples. 
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FIGURE 3. Proportion of sample exceeding a given minimum value of certainty of being 
one sex or the other. 

A third source of error often creeps into the application of discrim- 
inant function analysis, one due not to the method itself, but rather the 
fact that users of discriminant function analysis sometimes take museum 
specimens as their reference series. These must be corrected for shrink- 
age when used to classify live birds. Our approach was the opposite: we 
used live birds to generate the classification scheme and then tested it 
on specimens. Using a pool of 20 adult Sanderling museum specimens 
of known sex (all collected in coastal northern California), discriminant 
analysis correctly classified 10 of 10 males and 5 of 10 females (75% 
overall correct). After correcting for 3% shrinkage (measured amount 
of bill shrinkage for Sanderling specimens, Myers, unpubl. data) we again 
classified these individuals using discriminant analysis. All 10 males were 
correctly classified as were 9 of 10 females (95% overall correct). 

Finally, in widely distributed species such as the Sanderling, individ- 
uals may vary geographically in mensural characteristics (Prater et al. 
1977). The applicability of discriminant functions to populations other 
than those from which they are derived should be assessed carefully. 

In conclusion, we recommend that laparotomy and discriminant func- 
tion analysis be used together to sex live birds. After a discriminant 
function is derived, many birds will not require laparotomy because they 
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will exceed the necessary probability level, established by the investi- 
gator, of being male or female. For any given Sanderling this probability 
can be determined as we process the birds after capture: first by cal- 
culating the discriminant score based on measurements in the field with 
a hand-held programmable calculator, and then by examining Figure 
2. Those not exceeding the required level can be laparotomized. 

SUMMARY 

Laparotomy and discriminant function analysis were compared as 
techniques for sexing wintering Sanderlings. No survivorship differences 
between laparotomized and non-laparotomized birds were detected af- 
ter release to the wild. Discriminant function analysis proved effective 
for determining sex in over 90% of cases on which the DFA was based: 
82% of cases in one independent sample, and 95% in a second. We 
recommend a combined approach: use DFA for cases falling in regions 
of the distribution where the probability of accurate sexing is high; use 
laparotomy for cases for which that probability is low. 
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