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Supplementary Information Text 

1. Methods for compound-specific stable isotope analysis of amino acids: 

Compound-specific stable isotope analyses of penguin feathers followed protocols 

modified from McMahon et al. (1). Three breast feathers per specimen (~3 mg) were 

homogenized and acid hydrolyzed in 1 ml of 6 N HCl at 110°C for 20 hrs to isolate the total free 

amino acids (AAs). Samples were evaporated to dryness under a gentle stream of N2. The total 

free AAs were derivatized by esterification with acidified iso-propanol followed by acylation 

with trifluoroacetic anhydride (2) and brought up in ethyl acetate for stable isotope analysis. The 

derivatized AAs were injected on column in splitless mode at 250°C and separated on a BPX5 

column (60 m x 0.32 mm inner diameter, 1.0 mm film thickness; SGE Analytical Science, 

Austin, Texas, USA) in a Thermo Trace Ultra gas chromatograph (GC) at the University of 

California - Santa Cruz, Santa Cruz, California, USA. The separated AA peaks were analyzed on 

a Finnegan MAT DeltaPlus
 XL isotope ratio monitoring mass spectrometer (irm-MS) interfaced to 

the GC through a GC-C III combustion furnace (980°C), reduction furnace (650°C), and a liquid 

nitrogen trap. 

We analyzed five individuals per species from four discrete time periods (i.e. 1930s, 

1960s, 1980s, and 2010s) for a total of 40 specimens. Feather samples were analyzed in triplicate 

along with a homogeneous laboratory algal standard (>100 repeat injections) and a mixed AA 

standard of known isotopic composition (Sigma-Aldrich Co., St. Louis, MO, USA). 

Standardization of runs was achieved using intermittent pulses of an N2 reference gas of known 

isotopic value. Mean reproducibility of the laboratory algal standard and the mixed AA standard 

across all individual AAs was ±0.3‰. 
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We analyzed the δ15N values of twelve individual AAs, accounting for approximately 

77% of the total hydrolysable AAs in feathers. We assigned glutamic acid (Glu), aspartic acid 

(Asp), alanine (Ala), leucine (Leu), isoleucine (Ile), proline (Pro), and valine (Val) as trophic 

AAs, and phenylalanine (Phe) and lysine (Lys) as source AAs. Note that glycine (Gly), serine 

(Ser), and threonine (Thr) do not behave similarly to either of these main groups (3-6) and have 

not been included in the trophic dynamic calculations. Acid hydrolysis converts glutamine (Gln) 

and asparagine (Asn) into Glu and Asp, respectively, due to cleavage of the terminal amine 

group, resulting in the measurement of combined Gln + Glu (referred to hereby as Glu), and Asn 

+Asp (referred to hereby as Asp). 

The mean and variance of δ15NGlu, δ
15NPhe, and TPTDF-multi across each time period were 

estimated separately using Bayesian Analysis of Variances (BANOVA) for gentoo and chinstrap 

penguins. Parameter estimates were unbiased for small sample sizes. Equal variance among time 

periods was assumed for each analysis. Parameter estimates were obtained with Markov chain 

Monte Carlo (MCMC) and JAGS. Vague priors were used for the mean (normal distributions 

with a mean of 0 and variance of 1000) and the variance (uniform distribution between 0 and 

100). Each analysis was run with three chains, each for 100,000 iterations, a burn in of 10,000 

iterations, and thinning of three, producing posterior distributions of 90,000 values. Pairwise 

comparison between time periods and between species are expressed as Bayesian posterior 

probabilities (PP) that the posterior distributions of δ15NGlu, δ
15NPhe, and TPTDF-multi from one 

group (time period or species) are different in a one-way comparison with another group. We 

consider PP > 0.99 as a conservative indication of significant differences in δ15NGlu, δ
15NPhe, and 

TPTDF-multi. All statistics were performed in R version 3.5.0 (7).  
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2. Overview of CSIA: Disentangling baseline and trophic nitrogen isotope variability 

Differential isotopic discrimination of amino acid (AA) nitrogen between diet and 

consumer allows for the disentanglement of trophic and baseline variability contributing to 

consumer δ15N values (reviewed in McMahon and McCarthy (8)). Protein AAs are commonly 

divided into two groups, termed the “trophic” and the “source” AAs, based upon their nitrogen 

isotope fractionation during trophic transfer (after Popp, et al. (9)). The “source” amino acids 

(e.g. phenylalanine [Phe] and lysine [Lys]) undergo minimal isotopic discrimination between 

diet and metazoan consumers (10, 11), because N bonds are neither formed nor cleaved during 

typical metabolic reactions (10, 12, 13). Source AAs (e.g., Phe δ15N [δ15NPhe]) provide proxies 

for the isotopic signature of nitrogen cycling at the base of the food web, without the 

confounding factor of trophic modification (14-16). Conversely, “trophic” amino acids (e.g. 

glutamic acid [Glu], aspartic acid [Asp], alanine [Ala], leucine [Leu], isoleucine [Ile], proline 

[Pro], valine [Val]) exhibit strong isotopic discrimination during metazoan trophic transfer (10, 

11) as a result of N-bond cleavage during transamination/deamination reactions (17). Together, 

these differentially fractionating AAs can be used to assess the trophic position of a consumer 

while simultaneously controlling for the nitrogen isotope value of the base of the food web (10). 

This approach is particularly valuable when working in complex or dynamic systems, where 

multiple different baseline end-members are present (18-20), when working on highly mobile or 

high trophic level consumers that may integrate across multiple food webs (21-23), and in 

paleoreconstructive context when it is challenging, if not impossible, to a priori characterize the 

isotopic baseline of past ecosystems (14, 24, 25). 

Trophic dynamics of consumers can be assessed using a compound-specific trophic 

position (TPCSIA) equation that quantifies trophic transfers and baseline nitrogen isotope 
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variability from a single sample. Successful application of the TPCSIA equation requires proper 

parameterization. A recent meta-analysis of controlled feeding experiments examining AA 

isotopic discrimination across 70 species (88 distinct species-diet combinations) clearly showed 

that both diet quality and mode of nitrogen excretion significantly affect the trophic 

discrimination factor (TDF) parameter, the degree of fractionation of individual AAs between 

diet and consumer (8). In the gentoo and chinstrap penguin food webs, where consumers differ in 

their mode of nitrogen excretion (e.g., ammonia for krill and fish vs uric acid for penguins) and 

diet quality (e.g, krill feeding on phytoplankton vs penguins feeding on high protein fish), 

McMahon, Polito, Abel, McCarthy and Thorrold (1) proposed using a multi-TDF equation 

(TPTDF-multi) with trophic AA Glu and source AA Phe: 

𝑇𝑃𝑇𝐷𝐹−𝑚𝑢𝑙𝑡𝑖 = 2 + [
𝛿15𝑁(𝐺𝑙𝑢) − 𝛿15𝑁(𝑃ℎ𝑒) − 𝑇𝐷𝐹(𝐺𝑙𝑢−𝑃ℎ𝑒) 𝑝𝑒𝑛𝑔𝑢𝑖𝑛  − 𝛽

𝑇𝐷𝐹(𝐺𝑙𝑢−𝑃ℎ𝑒)𝑎𝑣𝑒𝑟𝑎𝑔𝑒
] 

where δ15NGlu and δ15NPhe represent the stable nitrogen isotope values of penguin Glu and 

Phe, respectively, β represents the difference in δ15N between Glu and Phe of primary producers 

(3.4‰ for aquatic microalgae) (4, 26, 27), TDF(Glu-Phe) average  represents an average trophic 

discrimination factor (TDF) of 6.3‰ (Δ15NGlu − Δ15NPhe) characteristic of planktonic marine 

food webs (see meta-analysis by McMahon and McCarthy (8)), and TDF(Glu-Phe) penguin represents 

the Pygoscelis penguin-specific TDFGlu-Phe value (3.5‰) derived from a controlled feeding 

experiment on Pygoscelis penguins (1).  

Very few studies have used multi-TDF equations to examine consumer trophic dynamics. 

In fact, of the 60 environmental application studies identified by the meta-analysis of McMahon 

and McCarthy (8), 92% used a single TDF approach with trophic AA Glu and source AA Phe of 

either 7 or 7.6‰ TP7.6-TDF sensu Chikaraishi, et al. (10): 



6 

𝑇𝑃7.6−𝑇𝐷𝐹 = 1 + [
𝛿15𝑁(𝐺𝑙𝑢) − 𝛿15𝑁(𝑃ℎ𝑒)  − 𝛽𝐺𝑙𝑢−𝑃ℎ𝑒

𝑇𝐷𝐹7.6
] 

where δ15NGlu and δ15NPhe represent the stable nitrogen isotope values of penguin Glu and 

Phe, respectively, βGlu-Phe represents the difference in δ15N between Glu and Phe of primary 

producers (3.4‰ for aquatic microalgae) (4, 26, 27), and TDF7.6 represents the commonly used 

trophic discrimination factor (TDF) of 7.6‰ (Δ15NGlu − Δ15NPhe) from the seminal paper on 

TPCSIA by Chikaraishi (10). However, a number of field studies calculating TPCSIA in upper 

trophic level consumers (including cephalopods, teleost fishes, elasmobranchs, marine mammals, 

and seabirds) have noted that assuming a constant TDFGlu-Phe value of 7.6‰ often led to 

substantially underestimated TPCSIA (20-22, 28-30).  

Alternatively, several studies have proposed using a single TDF approach but with 

averaged trophic and source AAs to improve the accuracy and precision of TPCSIA (31-33): 

𝑇𝑃𝐴𝑣𝑔−𝑇𝐷𝐹 = 1 + [
𝛿15𝑁(𝐴𝑣𝑔−𝑇𝑟𝐴𝐴) − 𝛿15𝑁(𝐴𝑣𝑔−𝑆𝑟𝐴𝐴)  − 𝛽𝐴𝑣𝑔−𝑇𝑟𝐴𝐴 − 𝐴𝑣𝑔−𝑆𝑟𝐴𝐴

𝑇𝐷𝐹𝐴𝑣𝑔−𝑇𝑟𝐴𝐴 − 𝐴𝑣𝑔−𝑆𝑟𝐴𝐴
] 

where δ15NAvg-TrAA and δ15NAvg-SrAA represent the average stable nitrogen isotope values 

of penguin trophic AAs (Glu, Ala, Leu, Ile, Pro, Val) and source AAs (Phe, Lys), respectively, 

βAvg-TrAA - Avg-SrAA represents the difference in average δ15N between trophic AAs (Glu, Ala, Leu, 

Ile, Pro, Val) and source AAs (Phe, Lys) of primary producers (2.8‰ for aquatic microalgae) (4, 

27, 32), and TDFAvg-TrAA - Avg-SrAA represents the average trophic discrimination factor (TDF) of 

5.4‰ (Δ15NTrAA − Δ15NSrAA for pairwise combinations of trophic AAs [Glu, Ala, Leu, Ile, Pro, 

Val] and source AAs [Phe, Lys]) for aquatic consumers (meta-analysis by McMahon and 

McCarthy (8). Nielsen, Popp and Winder (33) found that modeled uncertainties in TPCSIA 

estimates significantly decreased when increasing the number of trophic and source AAs in the 

calculation.  
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We found that all three TPCSIA approaches produced similar trends in penguin trophic 

dynamics (Fig. S1). Chinstrap penguin TPCSIA did not change significantly through time while 

gentoo penguin TPCSIA increased significantly between the 1960s and 1980s. On average, TP7.6-

TDF produced the lowest TPCSIA of any approach (chinstrap 2.4±0.1, gentoo 2.8±0.3), which was 

not ecologically realistic for consumers foraging on krill (chinstrap penguins) or krill, fish, and 

squid (gentoo penguins). TPTDF-multi produced the highest and most realistic TPCSIA of any 

approach (chinstrap 3.2±0.1, gentoo 3.6±0.4). TPAvg-TDF was intermediate between the two other 

approaches but similar to TP7.6-TDF, was often unrealistically low given the known diet patterns 

of these penguin species (34, 35). 

 

3. Individual amino acid isotope value statistics 

    Penguin feather δ15NPhe and δ15NGlu values differed between species in three of four 

decades examined (Fig. 2).  Bayesian analysis indicated gentoo penguins had higher δ15N values 

than chinstrap penguins in the 1960s (δ15NPhe PP=1.0; δ15NGlu PP>0.99), 1980s (δ15NPhe PP>0.99; 

δ15NGlu PP=1.0), and 2010s (δ15NPhe PP=1.0; δ15NGlu PP=1.0), but not in the 1930s (δ15NPhe 

PP=0.09; δ15NGlu PP=0.68). For each species considered individually over time, we found that 

chinstrap penguin δ15NPhe values were lower in the 1960s relative to the 1980s (PP>0.99) and 

δ15NGlu values were higher in the 1930s relative to the1960s (PP>0.99; Fig 3.). Gentoo penguin 

δ15NPhe values from the 1930s were lower than all other time periods (PP=1.0), and δ15NPhe values 

from the 1980s were lower than the 2010s (PP>0.99; Fig. 3). Gentoo penguin δ15NGlu values 

increased over time and differed (all PP<0.99) among all comparisons except those between the 

1930s and 1960s (PP=0.84; Fig. 3). 

Penguin TPs differed between species in two of four decades examined (Fig. 2). TP did 

not differ between species in the 1930s (PP=0.91) and 1960s (PP=0.42), while gentoo penguins 
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had higher TP relative to chinstrap penguins in the 1980s (PP=1.0) and 2010s (P=1.0). In 

addition, Bayesian analysis indicated no difference in chinstrap penguin TP across decades (all 

PP<0.96; Fig. 3). In contrast, gentoo penguin TP from the 1930s and 1960s were lower than 

those from the 1980s and 2010s (all PP>0.99; Fig. 3). These shifts in TP resulted in gentoo and 

chinstrap penguins having similar TPs in the 1930s and 1960s that diverged during the 1980s and 

2010s (Fig. 2; Fig. 3).  

 

4. Alternative hypothesis for variations in δ15NPhe 

The observed shifts in penguin trophic dynamics in the northern Antarctic Peninsula over 

the last 100 years were overlain on apparent shifts in biogeochemical cycling at the base of the 

food web. The δ15N values of the source AA phenylalanine (δ15NPhe), which serve as a proxy for 

the sources and cycling of nitrogen at the base of the food web (reviewed in McMahon and 

McCarthy (8), varied over the ~100-year record for both penguin species, though trend and 

magnitude of their values were not in parallel. In the 1930s, both gentoo penguins (median 

(2.5%-97.5% credible intervals): 4.0‰ (3.5-4.5‰) and chinstrap penguins (4.4‰ (3.9-5.0‰) 

had similarly low δ15NPhe values (PP=0.09). Over the next century, chinstrap penguin δ15NPhe 

values oscillated but remained relatively low (between 3.8 and 4.7‰), while gentoo penguin 

δ15NPhe values increased significantly between the 1930s and the 1960s (median (2.5%-97.5% 

credible intervals): 6.7‰ (6.2-7.2‰)) and 1980s (6.2‰ (5.7-6.7‰)), and then again by the 

2010s (7.4‰ (6.9-7.9‰)) (All PP>0.99).  

The divergent shifts in penguin δ15NPhe values over the last 100 years could reflect 

temporal shifts in diet among prey items that occupy food webs with different isotopic baselines. 

In the 1930s, TP data suggest both penguin species were foraging almost exclusively on krill and 

at this time both gentoo penguins and chinstrap penguins had similar δ15NPhe values. While 
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chinstrap penguins continued to forage almost exclusively on krill throughout the rest of the 

century, maintaining relatively low δ15NPhe values, gentoo penguins shifted their diet to higher 

trophic level consumers and their δ15NPhe values also increased. A recent study of food web 

dynamics in the Scotia Sea found that Euphausiid krill, which forage under sea ice, had lower 

bulk δ15N values (4.3±1.0‰) than copepods foraging in the water column (5.6±0.9‰) and the 

myctophid fish (9.2±0.7‰) and Galiteuthis squid (8.7±0.1‰) that feed on them (36). However, 

this dietary shift is unlikely to be the sole driver of the shift in isotopic baseline recorded in the 

penguin δ15NPhe values, as gentoo penguin δ15NPhe values increased significantly between the 

1930s and 1960s, yet their TP did not significantly change until after the 1960s, indicating that 

the baseline shift began before the trophic shift. This indicates that the underlying driver of 

changes in penguin δ15NPhe values between these species is likely a function of shifts in baseline 

nitrate δ15N values in their foraging locations as discussed earlier. 
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 Figure S1. A comparison of the calculated trophic positions of archived historic museum 

specimens of chinstrap and gentoo penguins collected in the Antarctic Peninsula region in the 

1930s, 1960s, 1980s, and 2010s using three compound-specific amino acid nitrogen isotope 

methods. Each symbol represents one individual penguin (five individuals per species per time 

period).  TP7.6-TDF used a single TDF approach with trophic AA Glu and source AA Phe, sensu 

Chikaraishi et al. (2007), TPAvg-TDF used a single TDF approach but with averaged trophic and 

source AAs, sensu McCarthy, Benner, Lee and Fogel (31), and TPTDF-multi used a multi-TDF 

approach that accounted for key transitions in diet quality and consumer mode of nitrogen 

excretion within the food web supporting penguins sensu McMahon, Polito, Abel, McCarthy and 

Thorrold (1).
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Table S1. Collection dates, locations, and δ15N values of individual amino acids from historic, archival museum specimens of adult 

chinstrap penguins (Pygoscelis antarctica) collected in the Antarctic Peninsula region. ‘Trophic’ amino acids include glutamic acid 

(Glu), aspartic acid (Asp), alanine (Ala), leucine (Leu), isoleucine (Ile), proline (Pro), valine (Val), glycine (Gly), and serine (Ser). 

Phenylalanine (Phe) and lysine (Lys) are classified as a ‘source’ amino acids and threonine (Thr) as a ‘metabolic’ amino acid 

following McMahon and McCarthy (8). Institution codes: American Museum of Natural History (AMNH), National Museum of 

Natural History (USNM), Swedish Museum of Natural History (NRM), Royal Belgian Institute of Natural Sciences (RBINS), Natural 

History Museum at Tring (NHMUK), and University of North Carolina Wilmington (UNCW). 

 

Institution Catalog no. Sex Locality Year Glu Asp Ala Leu Ile Pro Val Gly Ser Phe Lys Thr TP7.6-TDF TPAvg-TDF TPTDF-multi 

AMNH Skin-442419 Unknown Deception Island 1935 18.9 12.4 17.2 18.3 18.2 19.3 19.2 6.7 7.9 4.4 4.1 -19.5 2.5 2.6 3.2

AMNH Skin-442420 Unknown Deception Island 1935 19.9 13.7 18.6 20.0 18.8 21.3 21.2 7.6 8.2 4.8 5.1 -18.1 2.5 2.7 3.3

AMNH Skin-442421 Unknown Deception Island 1935 19.2 13.1 17.8 18.8 18.3 20.8 20.2 8.4 8.2 3.9 3.7 -20.5 2.6 2.8 3.3

AMNH Skin-442419bis Unknown Deception Island 1935 18.2 12.8 17.9 18.0 17.3 20.4 19.1 8.1 8.4 4.2 4.3 -18.2 2.4 2.6 3.1

NHMUK 1938.12.19.137 Male Deception Island 1936 19.5 12.2 19.1 18.0 17.5 18.8 19.4 8.1 8.6 4.9 5.0 -19.1 2.5 2.5 3.2

USNM 548079 Female Tower Island 1966 19.1 12.0 16.7 17.6 18.0 17.9 18.2 8.6 9.1 3.7 3.4 -18.3 2.6 2.7 3.3

USNM 548080 Female Tower Island 1966 16.8 10.7 15.9 15.6 16.9 16.6 17.1 7.7 8.0 4.2 4.1 -17.5 2.2 2.3 2.9

USNM 548078 Male Tower Island 1966 18.2 12.3 16.5 17.4 17.9 17.7 18.1 9.9 10.1 3.1 3.5 -20.1 2.5 2.7 3.3

USNM 548039 Male Gaston Island 1966 17.2 10.4 16.1 15.9 16.3 16.8 17.3 8.1 8.4 4.1 3.9 -17.9 2.3 2.4 3.0

USNM 548131 Female Penguin Island 1966 17.6 11.5 16.1 16.5 16.8 16.5 17.2 8.5 9.1 4.0 3.7 -17.3 2.3 2.4 3.1

RBINS 2 Unknown King George Island 1987 17.6 13.4 17.9 18.6 18.4 20.7 19.1 9.6 10.5 4.8 4.7 -21.5 2.2 2.6 2.9

NRM 896280 Female Deception Island 1989 18.7 12.3 16.8 17.6 17.5 20.3 18.1 10.0 10.3 4.5 3.8 -22.2 2.4 2.6 3.2

NRM 896290 Female Deception Island 1989 18.6 12.6 17.1 18.3 18.9 20.0 18.6 9.0 10.2 4.2 4.0 -23.0 2.4 2.7 3.2

NRM 896291 Female Deception Island 1989 18.0 13.7 18.1 18.2 18.7 20.6 19.6 9.8 11.0 5.4 5.4 -21.2 2.2 2.5 2.9

NRM 896292 Male Deception Island 1989 18.8 12.6 17.1 18.3 18.5 21.0 18.9 10.4 10.8 4.8 4.3 -21.4 2.4 2.6 3.1

UNCW 66 Female King George Island 2010 19.2 12.0 16.2 17.5 17.0 19.8 18.9 9.2 10.0 4.1 3.6 -19.2 2.5 2.6 3.3

UNCW 67 Male King George Island 2010 18.6 11.9 15.9 17.3 16.8 18.7 19.1 8.1 8.9 4.2 3.3 -18.1 2.5 2.6 3.2

UNCW 68 Female King George Island 2010 19.0 12.4 16.5 17.6 16.8 20.6 18.7 9.6 10.1 4.6 3.9 -19.5 2.4 2.6 3.2

UNCW 72 Male King George Island 2010 18.5 11.8 15.4 17.4 17.1 19.2 18.8 8.3 9.1 3.6 3.2 -19.4 2.5 2.7 3.3

UNCW 73 Female King George Island 2010 18.8 12.6 16.3 18.2 17.3 20.5 19.2 10.2 10.6 3.7 3.7 -19.9 2.5 2.7 3.3
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Table S2. Collection dates, locations, and δ15N values of individual amino acids from historic, archival museum specimens of adult 

gentoo penguins (Pygoscelis papua) collected in the Antarctic Peninsula region. ‘Trophic’ amino acids include glutamic acid (Glu), 

aspartic acid (Asp), alanine (Ala), leucine (Leu), isoleucine (Ile), proline (Pro), valine (Val), glycine (Gly), and serine (Ser). 

Phenylalanine (Phe) and lysine (Lys) are classified as a ‘source’ amino acids and threonine (Thr) as a ‘metabolic’ amino acid 

following McMahon and McCarthy (8). Institution codes: American Museum of Natural History (AMNH), National Museum of 

Natural History (USNM), Royal Belgian Institute of Natural Sciences (RBINS), Texas A&M University (TCWC), and University of 

North Carolina Wilmington (UNCW). 

 

Institution Catalog no. Sex Locality  Year Glu Asp Ala Leu Ile Pro Val Gly Ser Phe Lys Thr TP7.6-TDF TPAvg-TDF TPTDF-multi 

AMNH Skin-442413 Unknown Deception Island 1935 18.2 12.7 19.1 18.8 19.4 18.8 20.1 8.6 9.7 3.5 3.2 -19.4 2.5 2.9 3.2

AMNH Skin-442414 Unknown Deception Island 1935 19.3 14.0 20.4 19.2 19.3 20.5 20.1 9.7 10.6 4.3 4.5 -20.0 2.5 2.8 3.3

AMNH Skin-442415 Unknown Deception Island 1935 21.6 15.1 21.5 21.7 21.9 21.9 20.9 10.2 11.7 4.6 4.8 -19.9 2.8 3.0 3.6

AMNH Skin-442416 Unknown Deception Island 1935 18.1 12.5 18.5 18.5 18.9 18.9 20.3 8.5 10.2 3.5 3.2 -23.1 2.5 2.9 3.2

AMNH Skin-442418 Unknown Deception Island 1935 20.4 14.9 20.0 21.2 21.7 20.8 20.6 9.1 10.1 4.0 3.9 -18.3 2.7 3.0 3.5

AMNH SKIN-775712 Female Brabant Island 1960 19.0 13.2 18.5 18.4 19.0 20.4 20.5 14.3 16.8 6.1 6.3 -17.2 2.3 2.4 3.0

USNM 548097 Male Laurie Island 1966 20.4 14.9 19.8 20.2 20.6 21.5 22.3 16.0 18.0 6.9 6.7 -17.6 2.3 2.5 3.0

USNM 548098 Female Laurie Island 1966 22.1 16.9 21.6 21.5 22.2 23.2 23.5 17.3 19.5 7.4 7.5 -18.3 2.5 2.7 3.2

USNM 547952 Female Anvers Island 1966 20.9 15.7 19.7 20.3 20.6 21.4 22.0 16.2 17.9 6.9 7.3 -17.8 2.4 2.5 3.1

TCWC 13447 Unknown Hope Bay, Palmer Peninsula 1968 20.3 14.7 19.3 19.3 20.1 20.8 22.2 15.2 17.1 6.1 6.6 -16.7 2.4 2.5 3.2

RBINS 69799 Female King George Island 1987 25.8 21.9 25.6 26.7 27.2 28.6 28.9 13.1 14.5 6.5 6.2 -22.1 3.1 3.6 4.0

RBINS 3 Unknown King George Island 1987 22.9 18.6 23.7 24.4 24.9 25.9 26.0 12.5 12.9 6.8 5.8 -20.9 2.7 3.2 3.5

RBINS 4 Unknown King George Island 1987 26.1 21.6 26.8 27.1 27.5 27.7 29.7 10.7 12.5 6.1 5.9 -23.1 3.2 3.7 4.1

RBINS 7 Unknown King George Island 1987 24.6 19.8 24.8 25.0 25.5 26.6 26.7 11.6 11.9 6.0 6.5 -21.4 3.0 3.4 3.9

RBINS 9 Unknown King George Island 1987 22.1 17.8 24.3 23.6 24.4 25.0 25.3 11.1 13.0 5.8 6.1 -23.3 2.7 3.2 3.5

UNCW 43 Female King George Island 2010 25.6 21.4 27.0 26.8 27.7 28.7 28.9 12.5 13.1 7.5 7.4 -22.1 2.9 3.5 3.8

UNCW 48 Male King George Island 2010 29.7 26.3 28.7 31.3 32.0 32.3 33.4 11.7 12.2 7.8 7.6 -24.9 3.4 4.0 4.4

UNCW 50 Male King George Island 2010 28.1 24.5 29.3 30.1 30.7 31.6 31.6 11.0 12.6 7.5 6.8 -22.3 3.3 4.0 4.2

UNCW 51 Male King George Island 2010 25.7 22.9 26.7 27.7 28.7 29.0 30.0 11.2 13.2 7.7 7.3 -22.2 2.9 3.5 3.8

UNCW 58 Female King George Island 2010 27.3 24.3 29.1 30.0 30.3 30.6 31.2 11.3 12.6 6.4 5.8 -23.2 3.3 4.1 4.2


