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Habitat Type

Natural

Wetland and Freshwater

Cropland

Urban

Ice and Snow



Region Landfill Urban Natural West Coast  Total  

Lower Mainland 8 26 0 0 34 

Greater Victoria 10 36 9 0 55 

Southern 
Vancouver 
Island 

7 24 5 0 36 

Northern Salish 
Sea 

8 37 23 0 68 

West Coast 0 0 0 10 10 











Indicator of 
health: 

Physiological Trait: n = Mean ± Standard 
Deviation 

Range 

“Nutritional state” Free triglycerides 
(g/mmoL) 

156 1.23 ± 0.82   0.28 – 5.42 

Glucose (g/mmoL) 152 14.9 ± 3.46   9.3 – 29.1 

“Aerobic capacity” Hemoglobin (g/dL) 126 15.91 ± 2.49   9.96 – 23.0 

Hematocrit (%) 151 46.4 ± 4.4   31.8 - 58 

“Oxidative status” OXY 
(μmol HClO/mL) 

139 242 ± 34   158 - 320 

dROMs 
(mg H2O2/dL) 

151 2.38 ± 1.51   0.43 – 10.3 

  “Body Size” Mass 200 1022 ± 142   775 - 1435 

Tarsus 202 68.8 ± 3.7   59.9 – 78.1 

Mass/Tarsus 
“condition” 

199 14.8 ± 1.6   11.4 – 20.0 



Comparison 
 

r P value 
Triglycerides vs Glucose 0.206 0.01 
Triglycerides vs Hemoglobin 0.032 0.72 
Triglycerides vs Hematocrit -0.027 0.75 
Triglycerides vs OXY 0.129 0.13 
Triglycerides vs dROMs 0.246 0.002 
Glucose vs OXY -0.049 0.58 
Glucose vs dROMs -0.012 0.88 
Hemoglobin vs Glucose -0.004 0.97 
Hemoglobin vs Hematocrit 0.292 <0.001 
Hemoglobin vs OXY 0.064 0.51 
Hemoglobin vs dROMs 0.064 0.49 
Hematocrit vs Glucose -0.287 <0.001 
Hematocrit vs OXY 0.099 0.26 
Hematocrit vs dROMs 0.282 <0.001 
OXY vs dROMs 0.198 0.022 
Handling time vs Hemoglobin -0.111 0.32 
Handling time vs Hematocrit 0.170 0.11 
Handling time vs Triglycerides 0.037 0.73 
Handling time vs Glucose 0.186 0.09 
Handling time vs OXY 0.021 0.86 
Handling time vs dROMs 0.047 0.67 

Note: Significance was measured at the 95% confidence level and significant results are denoted in bold. 



Trait Region 
West Coast Northern 

Salish Sea 
Southern 
Vancouver 
Island 

Greater 
Victoria 

Lower Mainland 

Mean ± 
SE 

n =   Mean ± 
SE 

n =   Mean ± SE n 
=   

Mean ± 
SE 

n 
=   

Mean ± SE n 
=   

Mass  1068 ± 
38 

9  1048 ± 
19 

67  1099 ± 22 33  1049 ± 
15 

53  1072 ± 22 32 

Triglycerides  -0.04 ± 
0.10 

9  -0.03 ± 
0.06 

53  0.02 ± 0.06 29  0.02 ± 
0.04 

38  -0.02 ± 0.07 25 

Glucose  1.2 ± 
0.1 

9  1.2 ± 0.1 52  1.2 ± 0.1 30  1.2 ± 0.1 36  1.2 ± 0.1 24 

Hemoglobin 
(region*sex 
+ sex*mass) 

 15.3 ± 
0.9 

9  15.2 ± 
0.5 

41  14.4 ± 0.6 23  14.6 ± 
0.6 

25  15.6 ± 0.6 23 

Hematocrit  43.7 ± 
2.7 

9  43.6 ± 
2.4 

50  45.6 ± 2.5 30  46.9 ± 
2.4 

36  42.9 ± 2.5 25 

OXY  239 ± 
14 

9  234 ± 8 44  243 ± 9 26  254 ± 6 34  240 ± 10 26 

dROMs  0.34 ± 
0.08 

10  0.28 ± 
0.05 

50  0.37 ± 0.06 30  0.41 ± 
0.05 

38  0.30 ± 0.07 23 

Note: Triglycerides, glucose, and dROMs were log transformed. Models for all traits were run with year as a random 
effect, except for hemoglobin which was only sampled in 2020. Models for mass, triglycerides, hemoglobin, and 
dROMs included sex as an interaction term. Sex*mass was included as an additional interaction term for hemoglobin. 



Trait Habitat Type 
West Coast Natural Urban Landfill 
Mean ± SE n =   Mean ± SE n =   Mean ± SE n =   Mean ± SE n =   

Mass  1068 ± 38 9  1022 ± 23 36  1061 ± 12 118  1103 ± 23 31 

Triglycerides -0.037 ± 
0.099 

9  0.021 ± 
0.062 

34  -0.024 ± 
0.041 

90  0.029 ± 
0.073 

21 

Glucose  1.16 ± 0.06 9  1.20 ± 0.05 30  1.20 ± 0.05 90  1.20 ± 0.5 22 

Hemoglobin 
(habitat*sex + 
sex*mass) 

 15.9 ± 0.9 9  15.8 ± 0.7 24  14.8 ± 0.4 68  16.5 ± 0.7 20 

Hematocrit  44.3 ± 2.3 9  44.9 ± 1.9 31  45.4 ± 1.8 89  44.7 ± 2.0 21 

OXY  239 ± 14 9  238 ± 8 26  246 ± 6 84  231 ± 10 20 

dROMs  0.349 ± 0.09 10  0.369 ± 0.06 31  0.347 ± 0.06 88  0.270 ± 0.07 22 

Note: Triglycerides, glucose, and dROMs were log transformed. Models for all traits were run with year as a random 
effect, except for hemoglobin which was only sampled in 2020. Models for Mass, triglycerides, hemoglobin, and 
dROMs included sex as an interaction term. Sex*mass was included as an additional interaction term for hemoglobin. 





Trait Fixed effect Estimate DF P value 

Mass Sex 222.10 192 <0.001 

Triglycerides Sex -0.156 149 <0.001 

Hemoglobin Sex -14.988 
 

3,114 0.007 

Hemoglobin Mass -0.009 
 

3,114 0.04 
 

Hemoglobin Sex*Mass 0.0134 3,114 0.01 

dROMs Triglycerides 0.2253 141 0.003 

Glucose (Sex) 0.0133 143 0.39 

Hematocrit (Sex) -0.879 143 0.24 

OXY (Sex) -4.056 134 0.51 

Note: Significance was measured at the 95% confidence level and significant results are denoted in bold. Year was 
included as a random effect in all models except hemoglobin which was only measured in 2021. Only significant fixed 
effects were included as terms in subsequent models testing variation of gull mass and physiological biomarkers by a) 
region or b) habitat. Significant effects of mass were included as covariates whereas sex was included as an 
interaction term with region or habitat. Glucose, hematocrit, and OXY did not have any significant fixed effects. 

 





Biomarker PC1 PC2 
Triglycerides 0.177 0.655 
Glucose -0.177 0.432 
Hemoglobin 0.438 -0.199 
Hematocrit 0.501 -0.436 
OXY 0.393 0.302 
dROMs 0.583 0.253 














































