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Supplement 1: Video footage of Brandt’s cormorants, Alcatraz Island 

 

Videos S1 to S3.  

Three examples of videos can be found at www.int-res.com/articles/suppl/m570p233_supp/  

Video S1: Image score 3 (high quality) showing flying and fluttering behavior; Video S2: Image 

score 1 (low quality) showing flying behavior, and Video S3: Image score 3 (high quality) 

showing fluttering behavior. Detailed legends are given with the videos. 

http://www.int-res.com/articles/suppl/m570p233_supp/
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Figure S1. Camera footage from Brandt’s cormorant colonies adjacent to the Model Industries 

Building in 2011 (A), at the south end of the Laundry Building in 2012 (B), and at the north end 

of the Laundry Building in 2013 (C). Red numbers indicate counted birds. 
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Supplement 2: Image detector specifications 

To count the number of cormorants within the camera frame we used automated image 

detectors built using image processing functions in MATLAB version 2015a (The MathWorks 

Inc. 2015).  Detectors convert the pixels within an image to binary (black/white) based on a 

threshold and identify clusters of black pixels of a user-defined size (i.e. cormorants) that 

contrast against a lighter background (nests, guano, and rock) within an area of interest.  Because 

each year had a slightly different camera angle and substrate, we built a separate detector specific 

to each year’s conditions (Table S1).  We selected the area of interest with similar numbers of 

cormorants between years and based on the subset of the colony with the highest contrast 

between cormorants and the rocky background (Fig. S2).  To define additional detector 

parameters we adjusted each characteristic until the number of cormorants correctly detected in a 

subset of images was maximized.  During 2013, the camera view shifted slightly about 10 days 

into the recording, thus we adjusted the detector accordingly.  We ran the detector on the first 5 

frames every 20 minutes for each day of video footage. 

To ground-truth the detector we examined the first of each five frames.  Within each 

frame we noted the number of birds correctly identified by the detector, the number of objects 

incorrectly identified by the detector (false positives), and the number of birds missed by the 

detector (false negatives) as well as the presence of gulls and image clarity. 

We compared the number of cormorants identified by the image detector and the actual 

number of cormorants present within the area of interest using linear mixed models in the lme4 

library in R version 3.2.2 (Table S2; Bates et al. 2012; R Core Team 2015).  Data from each year 

were included in a separate model and hour nested within day was included as a random effect. 

 

LITERATURE CITED 

Bates D, Maechler M, Bolker B (2012) lme4: linear mixed-effects models using S4 classes. R 
package version 1.1-6. http://CRAN.R-project.org/package=lme4  

 
The MathWorks, Inc. (2015) MATLAB and Statistics Toolbox Release 2015a. Natick, 

Massachusetts, United States. 
 
R Core Team (2015) R: a language and environment for statistical computing. R Foundation for 

Statistical Computing, Vienna, www.R-project.org/ 
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Table S1. Parameter specifications of image detectors built in MATLAB version 2015a used to 

identify cormorants from 2011-2013 on Alcatraz Island, California. 

Parameter  Function  2011 2012 2013 
Image size  640 x 480 320 x 240 320 x 240 
Inversion of image  imcomplement 

 
N Y Y 

Threshold value in 
image  
 

imextendedmax 
 

30, 60* 50 20,50,10* 

Shape/size of object  strel 
 

1,2 1 
 

2 

Minimum object size  bwareaopen 
 

30, 50 
 

60 50 

Maximum object size  find(object < maxsize) 
 

600 1000 1000 
 

Region of picture  Only count if object is 
in the region of interest 

Left: 365 
Right: 1 
Top: 250 

Bottom:436 
365 x 186 

Left: 50 
Right: 220 
Top: 130 

Bottom: 200 
170 x 90 

Left: 110 
Right: 1 
Top: 125 

Bottom:210 
110 x 85 

* In some years multiple detectors were used for different hours of the day because the lighting in the image 
changed dramatically. In 2011, two detectors were used: 12:00-17:00 and all other hours. In 2013, three detectors 
were used: 9:00, 10:00-13:00, and all other hours. Only one version of the detector was used in 2012. 
	

Table S2. Parameter estimates ± standard error (PE ± SE) and 95% confidence intervals (CI) of 

linear mixed models examining the relationship between the actual number of Brandt’s 

cormorants and the number of cormorants identified by image detectors on Alcatraz Island, 

California.  The marginal R2 (R2m) is the proportion of the variance explained by the number of 

cormorants identified by detectors (fixed effects), while the conditional R2 (R2c) is the variance 

explained by both the number of cormorants identified by detectors and hour nested within day 

(fixed and random effects).  

Year Parameter  2.5% CI 97.5% CI PE ± SE R2m R2c 

2011 Intercept 9.91 11.98 10.94 ± 0.52 0.1 0.67 
Detections 0.14 0.29 0.21 ± 0.04 

2012 Intercept 9.4 20.08 14.63 ± 2.53 0.01 0.93 
Detections -0.17 0.53 0.18 ± 0.16 

2013 Intercept 17.97 20.4 19.17 ± 0.62 0 0.63 
Detections -0.06 0.07 0 ± 0.03 
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Figure S2. Output from image detectors, showing individual cormorants’ successfully detected 

(green asterisks, right) and more than one cormorant successfully detected (red asterisks, right).  

The red lines around the asterisks indicate the detector ‘area of interest’.  The true number of 

cormorants was counted within the area of interest using images on the left.  
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Figure S3. The relationship between the number of Brandt’s cormorants detected by image 

recognizers and the actual abundance of cormorants from 2011-2013 on Alcatraz Island, 

California.  Lines are predicted by linear mixed models and shading represents standard errors. 
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Supplement 3: Quantitative analyses split into separate years  

 

Table S3. Parameter estimates ± standard error (PE ± SE) and 95% confidence intervals (CI) of 

generalized linear mixed models examining the relationship between the proportion of Brandt’s 

cormorants exhibiting disturbance behaviors (top) and cormorant abundance (bottom) with 

visitor noise at the time of observation (median dBA), visitor noise previous to observation 

(lagged dBA), breeding period (chick rearing, incubation), and the presence of gulls on Alcatraz 

Island.  In 2011 and 2012 visitor noise was far from the colony. Asterisks indicate parameter 

estimates whose CI did not bound 0, indicating a strong effect. 

 

Parameter 2.5% CI 97.5% CI PE ± SE 
Behavior 

2011 
Intercept* -6.23 -3.4 -4.16 ± 0.5 
Median dBA -1.14 0.77 -0.2 ± 0.48 
Lagged dBA -1.55 0.35 -0.55 ± 0.48 

2012 
Intercept* -2.16 -0.22 -1.19 ± 0.33 
Gull presence -0.21 1.3 0.55 ± 0.38 
Median dBA -0.76 0.16 -0.28 ± 0.23 
Lagged dBA -0.62 0.17 -0.21 ± 0.2 
Gull presence × Median dBA -0.1 0.92 0.41 ± 0.26 

Abundance 
2011 

Intercept* 2.81 3.7 3.26 ± 0.23 
Chick rearing -0.3 0.37 0.04 ± 0.17 
Lagged dBA  -0.04 0.03 0 ± 0.02 
Median dBA -0.06 0.02 -0.02 ± 0.02 

2012 
Intercept* 2.81 3.7 3.26 ± 0.23 
Chick rearing -0.27 0.42 0.08 ± 0.18 
Lagged dBA  -0.04 0.03 0 ± 0.02 
Gull presence -0.11 0.24 0.06 ± 0.09 
Median dBA -0.11 0.01 -0.05 ± 0.03 
Gull presence × Median dBA -0.03 0.13 0.05 ± 0.04 
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Supplement 4: Video analysis of Brandt’s cormorant (Phalacrocorax 

penicillatus) behavior, Alcatraz Island 
	

Table S4. The median sound pressure level (SPL in dBA) in the laundry building (adjacent to a 

Brandt’s cormorant colony in 2013) when Brandt’s cormorant were exhibiting each type of 

disturbance behavior on Alcatraz Island, California.  Parameter estimates ± standard error (PE ± 

SE) of generalized linear mixed models examining the relationship between the proportion of 

cormorants exhibiting each type of disturbance behavior and the amount of visitor noise in the 

laundry building (Noise), the presence of gulls (Gulls), and the interaction between the two.  

Asterisks indicate 95% confidence intervals (CI) with standard errors not overlapping 0, 

indicating a strong effect. 

 

Behavior 
type Year Disturbance 

behavior 
Median 

dbA 
Gulls PE ± SE 

(95% CI) 
Noise PE ± SE 

(95% CI) 
Noise × Gulls PE 
± SE (95% CI) 

Flying 
(take-off) 

2011/2012 
Absent 42.87 0.45 ± 0.31 -0.55 ± 0.15* 0.36 ± 0.20 
Present 41.68 (-0.26 ‒ 1.11) (-0.91 ‒ -0.24) (-0.09 ‒ 0.79) 

2013 
Absent 47.98 0 ± 0.05 -0.2 ± 0.08 -0.17 ± 0.07 
Present 49.24 (-0.09 – 0.13) (-0.36 – 0.01) (-0.01 ‒ 0.12) 

Wing 
fluttering 

2011/2012 
Absent 42.84 0.50 ± 0.27 -0.11 ± 0.16 0.33 ± 0.19 
Present 42.41 (-0.08 ‒ 1.06) (-0.46 ‒ 0.29) (-0.05 ‒ 0.72) 

2013 
Absent 47.45 0.08 ± 0.04* 0.21 ± 0.06* 0.06 ± 0.03 
Present 51.75 (0.01 ‒ 0.16) (0.10 ‒ 0.32) (-0.01 ‒ 0.13) 
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Supplement 5: Sound pressure levels in the laundry building, Alcatraz Island 

 
Figure S4. Median daily sound pressure levels (dBA) in the laundry building from 2011-2013 on 
Alcatraz Island. In 2013 a Brandt’s cormorant colony was directly adjacent to the laundry 
building.  The shaded region encompasses the chick rearing period of the cormorant breeding 
cycle. 
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