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ABSTRACT 

Accurate identification of humpback whales from photographic identifica- 
tion data depends on the quality of the photographs and the distinctiveness 
of the flukes. Criteria for evaluating photographic quality and individual dis- 
tinctiveness were developed involving judgments about overall quality or dis- 
tinctiveness and about specific aspects of each. These criteria were tested for 
the level of agreement among judges. The distinctiveness scheme was tested 
for the independence of distinctiveness judgments and photographic quality. 
Our results show that judges could agree when evaluating specific and overall 
aspects of photographic quality and individual distinctiveness. The level of 
agreement varied for different pairs of judges, and less adept judges were 
identified. Ability to agree on evaluations of photographic quality was inde- 
pendent of the experience of the judges. Overall photographic quality and 
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overall distinctiveness were successfully predicted from more specific variables, 
but the agreement between judges for these was not significantly greater than 
the agreement for the overall measures judged directly. There was no corre- 
lation between individual distinctiveness and photographic quality for four 
of the five judges, but the power of this test may be low. Analyses of pho- 
tographic identification data frequently require evaluations of photographic 
quality and individual distinctiveness. To obtain reliable results from such 
analyses, evaluation schemes and judges should be tested to ensure reliable 
and consistent evaluations. 

Key words: humpback whale, Megaptera novaeangliae, photographic identifi- 
cation, individual identification, mark-recapture, photographic quality, indi- 
vidual animal distinctiveness, kappa statistics, cumulative logit model, cate- 
gorical data analyses. 

Techniques for identifying individual animals from variations in natural 
markings have advantages over traditional tagging procedures (Bateson 1977, 
Pennycuick 1978, Hammond 1986). Natural markings have been used for 
behavior studies and capture-recapture studies on a variety of taxa (e.g., Stone- 
house 1978, Hammond et a/. 1990). However, despite their advantages, the 
use of natural markings does not guarantee that all marked individuals have 
an equal probability of being recognized because of difficulties in observing 
the markings and variability in the degree of distinctiveness of individuals. 
How unequal probabilities of recognition are likely to affect a particular study 
will depend on the questions being asked, but such effects could be quite 
serious for some analyses, e.g., estimates of abundance using capture-recapture 
methods (Hammond 1986). 

For capture-recapture studies which use photographs of natural markings, 
the probability of recognizing a marked individual is affected by the quality 
of the photographs and the distinctiveness of an individual’s marks. As the 
quality of the photograph decreases, the information in the natural markings 
becomes obscured, and it becomes increasingly difficult to recognize the rep- 
resented individual. Less distinctive individuals are more difficult to recognize 
than more distinctive individuals. The use of poor-quality photographs further 
exacerbates this problem because very distinctive individuals can be more read- 
ily recognized from poorer-quality photographs. Because of these problems, 
two methodological issues arise: (1) how to determine a level of quality at 
which all sufficiently distinctive individuals have an equal probability of being 
recognized; and (2) how to determine if all individuals are distinctive enough 
that an equal probability of recognition is achievable given a photograph of 
that quality and, if this is not the case, how to determine which individuals 
are distinctive enough to be considered marked (Hammond 1986). Low prob- 
abilities of recognition can lead to either false negatives or unequal probabil- 
ities of capture, depending on how the photographic database is constructed. 
There are capture-recapture models which allow for heterogeneity in the prob- 
ability of capture (e.g., Otis et al. 1978, Huggins 1989), but these do not deal 
with the possibility of false negatives. 

Several photographic identification studies have attempted to address these 
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methodological issues by evaluating both photographic quality and individual 
animal distinctiveness (Arnbom 1987, Mizroch et al. 1990, Agler 1992, Sloo- 
ten et al. 1992, Childerhouse et al. 1995, Rugh et al. 1998). Other studies 
have evaluated only photographic quality (Whitehead 1982; Perkins et al. 
1984, 1985; Payne et al. 1990; Perry et al. 1990; Sears et al. 1990; Seipt et 
al. 1990; Straley 1990; Agler et al. 1992; Baker et al. 1992; Schilling et al. 
1992; Wilson et al. 1999; Mizroch and Baraff, in press) or only individual 
distinctiveness (Whitehead and Waters 1990). However, evaluating photo- 
graphic quality and individual distinctiveness is a complex process. 

There are a series of interrelated questions about evaluating photographic 
quality and individual distinctiveness. Can people agree when making judg- 
ments about photographic quality and individual distinctiveness? Does expe- 
rience working with photographic identification increase their level of agree- 
ment? Can judges who are less adept in making evaluations of quality and 
distinctiveness be identified? Are scores predicted from the specific aspects of 
photographic quality or individual distinctiveness more consistent than overall 
scores judged directly? Finally, can people judge distinctiveness independent 
of the quality of the photographs presented? Arnbom (1987) and Rugh et al. 
(1998) addressed some of these questions for sperm whales and bowhead 
whales, respectively. Childerhouse et al. (1995) and Whitehead and Waters 
(1990) used Arnbom’s (1987) method in their studies of sperm whales. 

In this paper we report the results of experimental evaluations of all of these 
questions for humpback whales in the North Atlantic. To conduct these eval- 
uations, we used photographic identification data collected by the Years of the 
North Atlantic Humpback (YoNAH) project (Smith et al. 1999). The YoNAH 
project was a large-scale, two-year field effort to collect photographic, genetic, 
and behavioral data on humpback whales in the five main feeding areas of the 
North Atlantic and in the primary North Atlantic breeding/calving area. A 
primary goal of the YoNAH project was to calculate regional and ocean-basin- 
wide abundance estimates for this population using photographic data and 
capture-recapture methods (Smith et al. 1999). 

METHODS 

Humpback whales are individually identifiable from variations on the un- 
derside of their flukes; in particular, the shape of the trailing edge of the flukes 
varies, and flukes range from mostly white to mostly black (Katona and 
Whitehead 1981). We defined schemes for evaluating photographic quality 
(Fig. 1) and individual distinctiveness (Fig. 2) which included judgments of 
overall quality, overall individual distinctiveness, and specific aspects of both. 

Photographic Quality 

Photographic quality was evaluated using five specific variables (Clarity, 
Contrast, Angle, Half, and Partial) and one general variable (Overall Quality) 
(Fig. 1). Photographic Clarity, Contrast, and Angle were scored on a scale of 
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Figure 1 .  Examples of photographs of humpback tail Aukes scored for photograph- 
ic quality variables. Photographs in top left column represent Clarity, scored (from the 
top) as 1, excellent Clarity; 3 ,  average; and 5 ,  poor. Photographs in top middle column 
represent Contrast, scored as 1, excessive; 3, ideal; and 5, insufficient Contrast. Pho- 
tographs in top right column represent Angle, scored (from the top) as 1 ,  perpendic- 
ular; 3,  moderately angled; and 5 ,  oblique. Photographs in bottom left column rep- 
resent a left fluke, a right fluke, and Partial flukes. Photographs in bottom right column 
represent Overall Photographic Quality, scored (from the top) as 1, top third of quality 
scale; 2, middle third; and 3,  bottom third. (Photographs provided by College of the 
Atlantic.) 

I to 5. The Half photographic variable distinguished images of the right or 
left fluke that could not be reliably matched to an image of the opposite fluke 
and was scored as right, left, or whole. The Partial photographic variable 
distinguished images for which the likelihood of re-identifying the animal was 
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compromised solely by too little of the flukes being visible and was scored as 
partial or whole. Finally, judges were asked to mentally construct a scale from 
the best photographs they had experience working with to the worst, divide 
that scale into thirds, and decide to which third each photograph belonged. 

We selected 60 photographs that demonstrated different photographic prob- 
lems, as well as some excellent images. In addition, photographs of strongly 
marked and less distinctly marked whales were selected. Finally the set was 
checked to ensure that a full range of light to dark colored flukes was repre- 
sented. 

Individual Distinctiveness 

Individual distinctiveness was evaluated using three specific variables (Trail- 
ing Edge, Pattern, and Color Type) and one general variable (Overall Distinc- 
tiveness) (Fig. 2). Color Type distinguished overall pigmentation and was in- 
cluded because it may be a factor in distinctiveness for certain populations. 
Pattern and Color Type were scored on a scale of 1 to 5, while Trailing Edge 
and Overall Distinctiveness were scored between 1 and 3 .  Judges were also 
asked to assign a score of “unknown” when they were not able to make an 
accurate assessment of the whale for a given variable because of the quality of 
the photograph. 

We selected 120 photographs, each of a different whale, which had been 
previously scored for Overall Photographic Quality (Smith et af. 1999) based 
on a modified version of the scheme described above using four quality cate- 
gories (Fig. 3). These modified-photographic-quality categories were developed 
to provide greater discrimination among lower-quality photographs which was 
needed in other YoNAH analyses. Photographs were selected by systematic 
sampling such that there were equal numbers from each of the four Overall 
Photographic Quality ratings. The full range of light to dark flukes was rep- 
resented. The selection process was conducted without reference to the actual 
photographs to ensure that no one was aware of the specific distinctiveness 
characteristics of the whales selected prior to the experiment. The design of 
equal numbers in each of the four Photographic Quality categories was altered 
when the Photographic Quality of six of the chosen photographs was changed 
due to the evolution of the working definitions of photographic quality cat- 
egories. These changes resulted in 29 whales represented by quality 1 pho- 
tographs, 30 by quality 2 photographs, 33 by quality 3 +  photographs, and 
28 by quality 3- photographs. 

Agreement 

We used five judges in each experiment, with a total of seven individuals 
between the two experiments. Each judge had one or more years of experience 
with humpback whale photographic identification. One of the judges for pho- 
tographic quality and three of the judges for individual distinctiveness had 
experience with a previous evaluation scheme which combined photographic 
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Fzgwe 3. Examples of photographs of humpback tail flukes scored for Overall 
Photographic Quality in YoNAH photo-identification catalog. Photographs scored as 
1, top third of quality scale; 2, middle third; 3+, bottom third, but quality does not 
compromise re-identification; and 3 -, bottom third, and quality substantially obscures 
information content of flukes. (Photographs provided by College of the Atlantic.) 

quality and individual distinctiveness to rate the confidence in the identifi- 
cation. For the photographic quality experiment, an additional two judges 
who had limited or no experience with humpback whale photographic iden- 
tification aqd no experience with the previous evaluation scheme were each 
compared to the original judges experienced in photographic identification. 
For each experiment, a reference set of prescored photographs or whales was 
constructed so that the judges could consult them during the experiment to 
better assess the levels of each variable. 

The agreement among individual judges was measured for each variable 
using O’Connell and Dobson’s ( 1  984) average chance-corrected measure of 
agreement, Sau. This statistic estimates the agreement between two or more 
judges which is in excess of the agreement that would occur by chance for 
categorical data. This can be weighted to incorporate the difference between 
the ratings for ordered categorical data. O’Connell and Dobson’s (1984) mea- 
sure of agreement simplifies to a standard weighted kappa statistic, K,, for a 
pair of judges. 

O’Connell and Dobson’s ( 1  984) agreement statistic can be calculated under 
different assumptions about the underlying probabilities with which each 
judge uses the scores and under different disagreement functions which define 
the weights given for different levels of disagreement. Based on inspection of 
the marginal distributions, we did not assume marginal homogeneity and 
instead used O’Connell and Dobson’s (1984) constraint of independence. For 
variables with ordered categories, Clarity, Contrast, Angle, Overall Quality, 
Trailing Edge, Pattern, Color Type, and Overall Distinctiveness, we chose to 
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use the disagreement function which weighted disagreement using the square 
of the difference between the scores. Using the absolute value of the difference 
as the weight produced similar results. For variables without ordered categories 
(Half and Partial), the disagreement function for nominal data was chosen 
which defines agreement as 0 and all disagreements as 1. 

An average agreement statistic, S,,, was calculated for the set of judges for 
each variable. Standard errors and Z statistics were calculated for these statis- 
tics, and the statistical significance was determined using a Z test (O’Connell 
and Dobson 1984). Agreement statistics have a maximum of one, which in- 
dicates perfect agreement. An agreement statistic of zero indicates the agree- 
ment expected by chance. Statistics less than zero are rare and indicate agree- 
ment less than what is expected by chance. Landis and Koch (1977) defined 
the following arbitrary divisions as “rules of thumb” for qualitatively evalu- 
ating kappa statistics: less than 0.00 indicates poor agreement, 0.00-0.20 
slight agreement, 0.21-0.40 fair agreement, 0.41-0.60 moderate agreement, 
0.61-0.80 substantial agreement, and 0.81-1 .OO almost perfect agreement. 

Iakntifying Less Adept Judges 

Our experimental setting differed somewhat from typical situations pre- 
sented in the educational, psychological, and medical literature. In those sit- 
uations, observers are outside the control of the researchers and the focus is 
on how well they agree. In our situation, there is a set of potential judges, 
and we want to both measure their agreement and, more importantly, identify 
less adept individuals. Standard agreement measures do not provide for this 
type of situation. Because of this unique need, we developed an average kappa 
statistic as follows. 

Agreement statistics were computed for all possible pairs of judges, K ~ ~ .  An 
average kappa statistic for each judge, Av(K,), was calculated as the average of 
the K, statistics from each pair in which the judge was a member. For example, 
with five judges there are ten possible pairs of judges, and each judge appears 
in four of these pairs. For individual distinctiveness, comparisons where one 
or both judges gave a response of “unknown” for a whale were omitted. This 
exclusion caused the total number of comparisons to be less than the maximum 
for some whales. 

A conditional permutation test was constructed to identify individual judg- 
es with lower levels of agreement. The null hypothesis of consistency among 
judges was that no judge’s average kappa value was significantly lower than 
the value for any other judge. The responses for each photograph or whale 
were randomly permuted among the five judges, and new Av(K,) statistics 
were computed 1,000 times. The significance probability ( P )  was calculated 
as the proportion of times that the 1,000 permuted Av(K, )  statistics were less 
than, or equal to, the actual Av(K,) statistic. To achieve 95% confidence in 
the hypothesis test with multiple judges, a 95% a level for each judge was 
calculated based on the number of judges being compared: 0.95 = (1 - a)”, 
where n is the number of judges. When a judge had a significance probability 
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less than the 95% OL level, the consistency hypothesis was rejected for that 
variable, the judge that was significantly different was omitted, new agreement 
statistics were calculated for the remaining judges, and the conditional per- 
mutation test statistic was computed again. 

Overall and Specific Aspects 

To determine the relationship between the overall variables and the specific 
factors scored, a cumulative logit model (Agresti 1990) was fit using the mean 
of the Overall Quality or Overall Distinctiveness scores for each photograph 
or whale over all judges as the response variable. The mean score was used as 
a proxy for the “true” quality of a photograph or distinctiveness of a whale. 
Mean scores were treated as ordered categorical data and resulted in nine 
categories for quality and eleven categories for distinctiveness. The logit of the 
cumulative probability for a given overall score was modeled as the main 
effects of the specific variables with and without a judge effect. Specific vari- 
ables with ordered categories were modeled as ordered categorical variables. 
The models were fit using the lrm function (Harrell 1997) for S-PLUS (Sta- 
tistical Sciences 1995) which fits proportional-odds ordinal logistic regression 
models using maximum likelihood estimation. The importance of judge as an 
explanatory variable was evaluated using a likelihood ratio test to compare the 
models with and without judge as an explanatory variable. Wald tests were 
used to evaluate the significance of each explanatory variable within the best 
model. For individual distinctiveness, only whales for which all five judges 
gave an actual Overall Distinctiveness score, i.e., not “unknown,” were used, 
reducing the number of whales to 100. 

Predicted overall scores for both Overall Quality and Overall Distinctiveness 
were calculated from the fitted relationship between the overall variable and 
the specific variables using the predict.lrm function (Harrell 1997) for S-PLUS 
(Statistical Sciences 1995). This function computes the mean response by sum- 
ming the response categories multiplied by the estimated probabilities of each 
response. Predicted scores were binned into three categories using cut points 
which provided the closest representation of the distribution for the original 
scores. For Predicted Quality, a value less than 1.625 was scored as 1, between 
1.625 and 2.445 as 2, and greater than 2.445 as 3. For Predicted Distinc- 
tiveness, a value less than 1.656 was scored as 1 ,  between 1.656 and 2.443 
as 2 ,  and greater than 2.443 as 3. O’Connell and Dobson’s (1984) agreement 
statistic was calculated for the predicted values, and average weighted kappa 
statistics were calculated for each judge. Binning the predicted values using 
different cut points did not significantly change the agreement results. 

Photographic Quality and Individual Distinctiveness 

Goodman and Kruskal’s gamma test of ordinal association (Sheskin 1997) 
was used to compare Overall Distinctiveness with Overall Photographic Qual- 
ity, as modified during YoNAH, for the set of 120 whales. This statistic uses 
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the number of concordant and discordant pairs to measure association and, as 
with many other measures of correlation, ranges from -1 to 1. A one-sided 
test of a positive correlation was used to determine if the distinctiveness of 
whales from poor-quality photographs was scored as “low.” The opposite was 
unlikely to be of concern because the features of the flukes would be most 
visible in high-quality photographs. The responses of each judge were tested 
separately, and whales scored as “unknown” for distinctiveness were omitted. 

RESULTS 

Photographic Quality 

The agreement among the set of five judges was significantly better than 
chance for all quality variables and ranged from fair to almost perfect agree- 
ment according to the divisions defined by Landis and Koch (1977). Judges 
had almost perfect agreement for Half (Sao = 0.89, 95% confidence interval 
0.81-0.98), and substantial to almost perfect agreement for Clarity (0.81, 
0.75-0.87). Judges had substantial agreement for Partial (0.76, 0.62-0.90). 
Judges had moderate agreement for Angle (0.54, 0.37-0.7 1) and Overall 
Quality (0.52, 0.41-0.63). Judges had fair to moderate agreement for Contrast 

More insight into the agreement among judges can be seen by comparing 
them pairwise. All pairwise agreements were significantly better than chance 
except for the specific variable Contrast for one pair of judges (K, = 0.16, 
SE(K,) = 0.126, Z = 1.38). However, the levels of agreement varied substan- 
tially for different pairs of judges, providing a potential basis for choosing sub- 
sets of judges with greater agreement. For example, visual inspection of the 
pairwise agreement statistics for Overall Quality (Table 1) indicates that judge 
4 3  may have significantly poorer agreement levels than the other judges. 

Testing for agreement among the five judges, there were no significant 
differences for Contrast, Half, and Angle (Table 2). For Clarity and Overall 
Quality, judge Q3’s agreement levels were significantly lower than the rest of 
the judges. Eliminating judge 43’s  responses increased the level of agreement 
for the set of four remaining judges for Clarity (Sdo = 0.85, 95% confidence 
interval 0.79-0.91) and for Overall Quality (0.62, 0.51-0.72) from the level 
for five judges presented above. For Partial, judge Q5’s level of agreement was 
significantly lower than the rest, and eliminating this judge’s responses in- 
creased the level of agreement for the set of four judges (0.86, 0.72-1.00). 
These results imply that if judges are being selected to evaluate the quality 
of humpback identification photographs using all six variables, judges 4 3  and 
Q 5  should not be chosen because of their lower levels of agreement. 

Cumulative logit models were fit to the responses from the four judges 
which had consistently high agreement for Overall Quality (Ql, 4 2 ,  4 4 ,  and 
Q5). Mean Overall Quality scores from these four judges were used as the 
response variable. Comparing the model with judge as an explanatory variable 
to the simpler model without judge provided no evidence of a judge effect 

(0.39, 0.23-0.55). 
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Table I. Agreement between pairs of judges for Overall Quality. For each pair of 
judges, weighted kappa statistic (KJ, its standard error (SE(K,,)), and its Z statistic are 
given. For pairs of judges, the weighted kappa statistic is equivalent to O’Connell and 
Dobson’s (1984) average measure of agreement. 

Judges 

Overall quality 4 3  Q4 Q5 
0.57 
0.098 
4.76 
0.60 
0.090 
4.80 
0.35 
0.073 
4.33 

0.58 
0.076 
4.73 
0.66 
0.064 
5.17 
0.42 
0.07 1 
4.65 
0.59 
0.085 
4.63 

( x * ~  = 2.04, P = 0.57). Wald tests of the explanatory variables in the model 
without judge indicated that all of the specific variables were significant in 
explaining Overall Quality. 

The level of agreement between judges for Predicted Quality scores was 
greater than the agreement for Overall Quality scored directly, but not sig- 
nificantly so (Table 2). The set of four judges had an agreement statistic, S,,, 
of 0.67 (75% confidence interval 0.58-0.81) for Predicted Quality compared 
to 0.62 (0.51-0.72) for Overall Quality. Average k ~ p p  statistics for each of 
the four judges were between 0.01 and 0.13 points higher for Predicted Qual- 
ity than for Overall Quality. 

To examine the effect of experience with photographic identification on the 
agreement among judges evaluating Overall Quality, we compared each of the 
two additional, inexperienced judges (Qi 1 and Qi2) independently to the four 
experienced judges (Ql ,  4 2 ,  4 4 ,  and Q5) which had consistently high agree- 
ment for this variable. This resulted in two sets of five judges, each with one 
inexperienced judge and four experienced judges. The inexperienced judges 
were consistent with these four experienced judges. The set of experienced 
judges and judge Q i l  had an agreement statistic, S,,, of 0.61 (95% confidence 
interval 0.47-0.72), and the experienced judges with judge Qi2 had an agree- 
ment statistic of 0.63 (0.53-0.73) compared to 0.62 (0.51-0.72) for the ex- 
perienced judges alone. 

Individual Distinctivenesj 

The agreement among the five judges was significantly better than chance 
for all distinctiveness variables and ranged from moderate to almost perfect 
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Table 2. Agreement among judges for each of five judges for six photographic- 
quality variables. For judges in each set, average weighted kappa statistic (Av(K,,)) and 
significance probability (P,  proportion of times that 1,000 Av(K,,) statistics from ran- 
dom permutations were less than or equal to actual Av(K,) statistic) presented. Also 
included are average weighted kappa statistics for overall quality predicted from cu- 
mulative logit model. 

Judges 

Q1 Q2 4 3  4 4  
Clarity 

Contrast 

Angle 

Half 

Partial 

Overall 
quality 

Predicted 
quality 

0.84 
0.99 
0.87 
0.98 
0.30 
0.08 
0.56 
0.68 
0.89 
0.5 I 
0.77 
0.55 
0.86 
0.53 
0.56 
0.92 
0.61 
0.45 
0.62 

0.83 
0.86 
0.84 
0.32 
0.45 
0.90 

0.53 
0.45 

0.93 
0.93 
0.83 
0.86 
0.89 
0.96 
0.59 
1 .oo 
0.65 
0.81 
0.78 

0.74 
0.00 
- 
- 

0.37 
0.40 
0.45 
0.04 
0.85 
0.06 
0.83 
0.85 
0.89 
0.97 
0.40 
0.01 
- 
- 
- 

0.82 
0.78 
0.86 
0.86 
0.34 
0.18 
0.52 
0.36 
0.89 
0.50 
0.73 
0.37 
0.82 
0.09 
0.53 
0.72 
0.59 
0.23 
0.70 

Q5 
0.80 
0.28 
0.82 
0.02 
0.52 
1 .oo 
0.62 
0.99 
0.92 
0.71 
0.57 
0.00 
- 
- 

0.56 
0.95 
0.61 
0.48 
0.67 

agreement. Judges had almost perfect agreement for Color Type (S,  = 0.90; 
95% confidence interval 0.85-0.95). They had substantial agreement for Pat- 
tern (0.70; 0.62-0.77) and Overall Distinctiveness (0.66, 0.59-0.74) and 
moderate agreement for Trailing Edge (0.52; 0.42-0.63). The agreement be- 
tween pairs of judges was significantly better than chance for all variables but 
varied substantially between pairs. 

There were significant differences among the five judges for Trailing Edge 
but not for Pattern, Overall Distinctiveness, or Color Type (Table 3). For 
Trailing Edge, judge D3’s agreement levels were significantly lower than for 
the rest of the judges, and eliminating this judge’s results increased the level 
of agreement for the set of four judges (Sdv = 0.59; 95% confidence interval 
0.49-0.69). These results imply that if the distinctiveness of humpback whale 
tail flukes are being evaluated using all four variables, judge D3 should not 
be chosen. 

Cumulative logit models were fit to the responses from all five judges with 
mean Overall Distinctiveness as the response variable. Comparing the model 
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Table 3. Agreement among judges for each of five judges for four distinctiveness 
variables. For judges in each set, average weighted kappa statistic (Av(K,)) and signif- 
icance probability (P ,  the proportion of times that 1,000 Av(K,) statistics from random 
permutations were less than or equal to actual Av(K,,) statistic) presented. Also included 
the average weighted kappa statistics for overall distinctiveness predicted from cumu- 
lative logit model. Comparisons which included response of “unknown” were removed 
from the analysis. 

Judges 

D1 D2 D3 D4 D5 

Trailing edge Av(K,) 0.58 0.54 0.41 0.50 0.54 
P 1.00 0.84 0.00 0.41 0.87 

Av(K,,) 0.62 0.58 - 0.53 0.60 
P 0.94 0.60 - 0.06 0.86 

Pattern Av(K,,) 0.66 0.68 0.70 0.69 0.72 
P 0.13 0.30 0.57 0.44 0.97 

Color type Av(K,,) 0.91 0.90 0.92 0.90 0.88 
P 0.52 0.37 0.92 0.25 0.19 

Overall Av(K,,) 0.63 0.65 0.65 0.71 0.68 
distinctiveness P 0.11 0.26 0.37 0.99 0.76 

Predicted Av(K,,) 0.61 0.55 0.59 0.59 0.65 
distinctiveness 

with judge as an  explanatory variable to the simpler model without judge 
provided evidence of a judge effect (xZ4 = 14.09, P = 0.007). Wald tests of 
the explanatory variables in the model with judge suggested that all of the 
specific variables were significant i n  explaining Overall Distinctiveness, bu t  
that Pattern was most important. 

The  level of agreement between judges for Predicted Distinctiveness scores 
was slightly lower than the agreement between judges for Overall Distinc- 
tiveness scored directly (Table 4). The set of five judges had an agreement 
statistic, S,,,, of 0.61 (95% confidence interval 0.52-0.69) for Predicted Dis- 

Table 4. Association between Overall Distinctiveness and Overall Photographic 
Quality for each of five judges. For each judge, Goodman and Kruskals gamma (G) 
statistic with associated 95% confidence intervals, significance probabilities (P) ,  and 
sample sizes (n) given. Whales scored as “unknown” for distinctiveness were removed 
from analysis. 

Judge G 95% CI P n 

D1 0.09 -0.30, 0.49 0.32 105 
D2 0.35 0.00, 0.71 0.02 114 
D3 0.16 -0.21, 0.54 0.20 112 
D4 0.17 -0.22, 0.55 0.20 110 
D5 0.28 -0.09, 0.65 0.07 119 
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tinctiveness compared to 0.66 (0.59-0.74) for Overall Distinctiveness. Average 
kappa statistics for Predicted Distinctiveness were between 0.02 and 0.12 
points lower for all judges than for Overall Distinctiveness. 

Photographic Quality and Individual Distinctivenesj 

The increase in the difficulty of evaluating whales for distinctiveness with 
decreasing photographic quality was illustrated in the use of a response of 
“unknown” by the judges. A response of “unknown” was used a total of 133 
times for all judges and all variables combined, with the frequency of use 
varying from 0 to 16 times depending on the judge and the variable. Com- 
bining all judges and all variables, judges gave whales represented by quality 
3+ and 3- photographs a score of “unknown” 46 and 78 times, respectively, 
whereas only nine responses of “unknown” were given for whales represented 
by quality 2 photographs and no “unknowns” were given for whales repre- 
sented by quality 1 photographs. 

The difficulty of evaluating distinctiveness for whales represented by poor 
quality photographs was further illustrated by the agreement between judges 
for Overall Distinctiveness for whales grouped by the quality level of the 
photographs representing them. The agreement statistics indicated moderate 
agreement for the Overall Distinctiveness of whales represented by quality 3- 
photographs (Sau = 0.52; 95% confidence interval 0.33-0.70) but substantial 
agreement for whales represented by quality 1 ,  2 ,  and 3+ photographs I(0.63; 
0.49-0.78), (0.75; 0.62-0.88), and (0.68; 0.53-0.84), respectively]. Average 
kappa values for Overall Distinctiveness by quality categories showed a similar 
pattern. An analysis of variance of these average kappa values indicated that 
there were significant differences in the level of agreement among judges for 
whales represented by photographs of different quality levels (F3,12 = 31.87, 
P < 0.01). 

The Goodman and Kruskal’s gamma statistics (G) indicated that judges 
varied in their ability to evaluate Overall Distinctiveness independently of 
Overall Photographic Quality, as modified by YoNAH. If Overall Distinc- 
tiveness was scored independent of Overall Photographic Quality, no correla- 
tion should be found. However, the gamma statistic was significant for D2 
(Table 4). 

DISCUSSION 

The results presented here suggest that most judges can agree when eval- 
uating specific and overall aspects of photographic quality and individual dis- 
tinctiveness, and they need not be experienced in photographic identification. 
A quantitative basis can be used to identify judges that are less adept in 
evaluating photographic quality or individual distinctiveness. The agreement 
between judges for an overall measure of quality can be slightly improved by 
predicting the overall score from the specific measures, but no improvement 
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is achieved for distinctiveness. There was no correlation between individual 
distinctiveness and photographic quality for four of the five judges. 

With respect to our first question, the agreement between sets of five judges 
when evaluating photographic quality or individual distinctiveness variables 
was at least fair to moderate and was significantly better than chance for all 
variables. It is difficult to compare our agreement results to Arnbom’s (1987) 
results for sperm whales because he tested for a correlation between judges 
rather than measuring agreement directly. The fact that the mean scores for 
his two judges were different for all variables indicate a lack of agreement 
which is inconsistent with our results. In addition, Arnbom found that the 
scores between the two judges for his “tilt of the fluke” variable was not 
correlated whereas our Angle variable, which is a combination of his “tilt” 
and “orientation” variables, was scored consistently by the set of five judges 
with moderate agreement. 

Rugh et al. (1998) presented agreement levels for overall quality and iden- 
tifiability for judges evaluating photographs of bowhead whales. They used 
O’Connell and Dobson’s agreement statistic under the constraint of marginal 
homogeneity and the absolute value of the difference disagreement function 
for their analyses. Consistent with our results, Rugh et al. (1998) found that 
four judges agreed better than would be expected by chance. In addition, 
reanalyzing our data under marginal homogeneity and the absolute value, we 
find agreement statistics which are comparable to Rugh e t  ale’s (1998) for 
photographic quality but slightly higher values for individual distinctiveness. 
For overall photographic quality, we had an agreement statistic, S,,, of 0.50 
(95% confidence interval 0.39-0.61) for the four consistent judges compared 
to Rugh e t  ale’s (1998) group agreement statistics which ranged from 0.29 to 
0.61, depending on the area of the body photographed. For individual dis- 
tinctiveness, we had an agreement level of 0.57 (0.49-0.66) for all five judges 
compared to Rugh et al.’s (1998) group statistics which ranged from 0.32 to 
0.54. 

With respect to our second question, the level of agreement when evaluating 
photographic quality was no greater for judges experienced with photographic 
identification techniques than for inexperienced judges. Thus, while it is im- 
portant to test people for agreement, it is not necessary that they have had 
previous experience with photographic identification techniques. However, 
whether experience is necessary when evaluating individual distinctiveness was 
not tested in this study. 

With respect to our third question, the variability in the level of agreement 
between pairs of experienced judges implies that, although the level of agree- 
ment seems acceptable for the group, individual judges may be less adept at 
evaluating photographs and whales. These individuals may be less suitable 
candidates for the evaluation tasks. The permutation test provided a quanti- 
tative basis for identifying less adept judges. Rugh et al. (1998) found similar 
variability in the level of agreement between pairs of judges. However, they 
concluded that none of the judges differed greatly from the others based on 
visual inspection of these pairwise agreement statistics. 
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With respect to our fourth question, all of the specific variables were sig- 
nificant for explaining Overall Quality or Overall Distinctiveness. Only slight 
improvement in agreement can be achieved by Predicting Quality from spe- 
cific variables, so this approach does not merit the additional laboratory and 
analytical work involved. Agreement for Predicted Distinctiveness is lower 
than or comparable to Overall Distinctiveness scored directly. It is possible 
that the lower agreement for Predicted Distinctiveness may be due to dis- 
tinctiveness characteristics which were not captured in the specific variables. 
Thus, given the current variables, specific aspects of quality and distinctiveness 
cannot be used to increase the level of agreement for the single composite 
measure. 

With respect to our last question, one of the five judges was unable to 
evaluate individual distinctiveness independent of photographic quality. For 
the remaining four judges, we could not detect a correlation between individ- 
ual distinctiveness and photographic quality, implying that these four were 
able to evaluate distinctiveness independent of photographic quality. However, 
even for these four judges, the estimated gamma statistics were all positive. 
Further, the agreement statistics and average kappa values for Overall Dis- 
tinctiveness stratified by YoNAH’s photographic quality categories indicate 
that there is less agreement between judges for whales represented by the 
poorest-quality photographs. 

To further explore our test for a correlation between photographic quality 
and individual distinctiveness, a power test was conducted using the full 
YoNAH data set. Judge D5 was selected to evaluate the YoNAH data set for 
individual distinctiveness. A Goodman and Kruskal’s gamma test of the asso- 
ciation between photographic quality and individual distinctiveness found a 
positive correlation for the YoNAH data (Friday 1997, Friday et al. 1997) 
even though there was no significant correlation found for this judge here. 
From the YoNAH data set, 120 whales were randomly selected 2,000 times; 
each mirroring the photographic quality distribution from the experiment 
reported here. A Goodman and Kruskal’s gamma test was run on each set of 
whales using a one-sided test of a positive correlation. The correlation test had 
a 61% chance of incorrectly failing to reject the null hypothesis that judges 
could judge distinctiveness independently of photographic quality. This im- 
plies that to detect a correlation of the strength that D5 demonstrated in the 
YoNAH data, significantly more whales would need to be included in the test 
for association than the 120 used here. 

Allowing judges to respond with “unknown” if they could not clearly see 
the features of the flukes should have reduced any correlation between pho- 
tographic quality and distinctiveness. As expected, judges were more likely to 
give a score of “unknown” to whales represented by poorer-quality photo- 
graphs, but using “unknown” did not eliminate the correlation for all judges. 
Thus, it is important to allow the use of a score of “unknown” and to test 
peoples ability to judge distinctiveness independent of photographic quality. 

Consistent with our correlation results, Arnbom (1987) found that a re- 
gression of individual distinctiveness on his six measures of photographic qual- 
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ity accounted for 79% of the variance of the distinctiveness scores, implying 
that distinctiveness was not scored independent of photographic quality. Rugh 
et al. (1998) found a similar pattern in the use of an “unknown” score for 
distinctiveness with poor quality photographs, but did not test whether their 
judges were scoring distinctiveness independent of photographic quality for 
the photographs which they were able to evaluate. 

Our approach could be usefully augmented in a number of ways. First, the 
replicability of scoring the photographic quality and distinctiveness variables 
could be tested by having judges repeat the experiment a second time in a 
blind fashion to measure the agreement between the first and second scoring 
periods. Second, the reliability of scoring only overall measures of quality and 
distinctiveness without scoring specific aspects should be tested to ensure that 
the level of agreement does not decline. Third, the independence of distinc- 
tiveness and photographic quality could be explored further by having judges 
evaluate a number of photographs of the same whales, each with a different 
quality level, to determine the rate at which a poor-quality photograph of a 
whale is given a lower distinctiveness score than a good photograph of the 
same whale. Fourth, alternative photographic quality and individual distinc- 
tiveness variables could be developed and tested to determine if they perform 
better than those defined here. 

To make reliable use of natural markings in capture-recapture analyses, it 
is necessary to select acceptable data and to evaluate method assumptions (e.g., 
Hammond 1986, Friday 1997, Friday et al. 1997). Both processes require 
evaluations of photographic quality and individual distinctiveness. Inconsistent 
judgments of these features can result in unequal probabilities of recognition 
in analyses of photographic identification data, resulting in biases or needless 
imprecision. The experimental approach presented here is a quantitative tool 
for selecting a scheme for evaluating photographic quality and individual dis- 
tinctiveness and for choosing the best judges to apply these schemes. Based 
on our results, we recommend that studies using natural marks for identifi- 
cation include evaluation of the reliability of the photographic quality and 
individual animal distinctiveness measures used and of the ability of judges 
to apply them. 
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