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Growth layer group (GLG) count methods for aging teeth of stranded false killer whales
General: Teeth were collected from five dead stranded false killer whales. Four of the five individuals had been previously photographed and were part of Cascadia Research Collective’s long-term photo-identification catalog; these individuals are included in the total 81 sampled individuals reported in our study. The fifth individual (HIPc700) had not been documented prior to stranding, but was added to the catalog post-stranding and confirmed to belong to the main Hawaiian Islands insular population via match of mitochondrial haplotype (see Martien et al., 2014). 
Age was estimated by counting dentinal growth layer groups (GLGs) in acid-etched teeth using techniques commonly applied to aging marine mammals with large teeth (Perrin and Myrick 1980; Hohn 2018; Rust et al. 2019). Two teeth from each individual were prepared for aging using similar techniques. All teeth were first cut along the mid-longitudinal plane to reveal the center dentine layers using water-cooled diamond blades mounted on a Gryphon AquaSaw Diamond Band Frag Saw (Bulk Reef Supply, Golden Valley, Minnesota, USA; also referred to as a ‘coral saw’) or a Buehler IsoMet Low Speed Saw (Lake Bluff, Illinois, USA; hereafter, ‘IsoMet saw’), which is widely used to prepare marine mammal teeth for aging.  
Coral saw preparation & readings: The biggest and least worn tooth from each specimen was prepared at the University of Hawaiʻi using the coral saw. Each tooth was cut slightly off the mid-longitudinal center line of the tooth to provide sufficient material to polish the tooth’s surface prior to etching. Each tooth was wet-sanded using 400, 600, 1000, 1500 and 2000 grit water-coated sandpaper until the centerline of the tooth was revealed. The polished tooth was then etched using dilute formic acid (15%) and acetone baths, and then rinsed with water for three minutes and dried. This process was repeated until the dentinal GLGs were visible, and a #1 soft-graphite pencil rubbed along the surface of the tooth enhanced the GLGs well enough to count. Photographs of the prepared teeth were provided to a single reader, who aged each tooth once. Due to difficulty visualizing the central growth layers, the resulting estimates for three of the five teeth are considered minimums (Table S1).
IsoMet saw preparation & readings: The straightest and least worn teeth from each specimen were selected for preparation with the IsoMet saw at the NOAA Southwest Fisheries Science Center. Each tooth was first cut along the mid-longitudinal plane of the tooth using an IsoMet saw and then the interior surface was polished and serially acid-etched to reveal the dentinal GLGs. The preparation methods are similar to those described above for coral saw preparations, and those used for sperm whale teeth (Evans and Robertson 2001) and California sea lions (Rust et al. 2019) with necessary adjustments to acid etching time. One reader independently aged each specimen three times without knowledge of the data available for each specimen or previous GLG counts. Because there is inherent uncertainty in GLG age estimates, readers typically record a best, high, and low estimate during each read. The final age for a specimen is the mean of all readings rounded to the nearest whole year. We characterize the GLG aging uncertainty here with the coefficient of variation (CV) of the mean best age together with the youngest and oldest estimates of a readers’ low and high estimates from all reads (Table S1).
Comparing estimates: We compared GLG estimates to the photo-identification catalog-derived estimates in Table S1 below. The comparability of the GLG estimates to our catalog-derived estimates supported high confidence ratings (CR) for all stranded individuals. To demonstrate how the lack of GLG estimates increases uncertainty in catalog-derived estimates for these stranded individuals, we also provided the catalog-derived estimates and confidence rating scores that disregarded the GLG estimates (Table S1).
Table S1. Growth layer group (GLG) counts for stranded false killer whales. Only a single read of GLG counts was done for the coral saw-prepared teeth, and thus only best or minimum age estimates are reported in this column. Sex and male maturity as indicated by dorsal fin morphology (DPM = developing physically mature; PM = physically mature) are provided. Photo-identification catalog-based best, minimum, and maximum age estimates (Agebest, Agemin, Agemax, respectively) and confidence ratings (CR) are also provided to compare to GLG estimates. The photo-identification catalog-based age estimates and CRs disregarding GLG estimates (which influence CR) are also provided.
	Catalog ID
	Lab ID
	Sex
	Evidence for male physical maturity at necropsy
	Coral saw GLG count (minimum or best)
	IsoMet saw GLG count (mean best/CV/low/high)
	Photo-ID based Agebest (Agemin-Agemax); CR considering GLGs
	Photo-ID based Agebest (Agemin-Agemax); CR disregarding GLGs 

	HIPc199
	KW2010019
	Female
	NA
	18 (minimum)
	25/6.9/22/28
	24 (20-34); 5
	24 (20-39); 4

	HIPc162
	KW2013018
	Male
	PM
	14 (minimum)
	22/4.9/20/25
	25 (20-35); 5
	25 (20-40); 4

	HIPc198
	KW2015015
	Female
	NA
	12 (minimum)
	22/5.2/18/24
	21 (17-31); 5
	21 (17-51); 3

	HIPc164
	KW2016016
	Male
	DPM
	17 (best)
	NA
	19 (16-24); 5
	19 (16-24); 4

	HIPc700
	KW2016020
	Female
	NA
	13 (best)
	16/7.6/14/20
	10 (6-20); 5
	10 (10-65); 1
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Examples of progression of dorsal fin morphology with physical maturity in males
Figure S1 shows examples of the progression of dorsal fin morphology for male false killer whales (genetically confirmed sex) documented over multiple age classes (see Table 2, Figure 3). The leading-edge hump of the dorsal fin is the primary feature that appears to develop with physical maturity, although we also point out additional growth above the horizontal axis of the body (Figure S1, HIPc114). Some individuals shown in these examples also had photographs showing head morphology from which we could additionally infer the level of physical maturity (see Figure 1 for sexually dimorphic head morphology in false killer whales). We acknowledge that some individual variation in dorsal fin morphology exists in the examples provided. Variation in the expression of sexually dimorphic characteristics is known to occur in a number of species, and can be driven by factors such as genetics, condition/nutrition, and environmental variation (e.g., Bonduriansky 2007; Parker and Garant 2004; Post et al. 1999). 
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Credits for photographs in Figure S1 by catalog ID 
HIPc114: 1990, 1998 - Daniel J. McSweeney; 2001, 2008 – Robin W. Baird/Cascadia Research Collective; 2010 – Daniel J. McSweeney/Cascadia Research Collective; 2018 – Jordan K. Lerma/Cascadia Research Collective.
HIPc207: 1986 - Daniel J. McSweeney; 2005 - Mark Deakos, Dan Salden; 2006 – Annie B. Douglas/Cascadia Research Collective; 2008 – Tori Cullins/Wild Dolphin Foundation; 2010 – Elisa A. Weiss/Cascadia Research Collective.
HIPc202: 2002 – Pacific Whale Foundation; 2007 – Robin W. Baird/Cascadia Research Collective; 2013 – Chuck Babbitt; 2013 (underwater) – Deron Verbeck; 2018 – Colin J. Cornforth/Cascadia Research Collective; 2022 – Brianna M. Bronson/Cascadia Research Collective.
HIPc176: 2003, 2004 – Cascadia Research Collective; 2010 – Daniel L. Webster/Cascadia Research Collective; 2014, 2017 – Chuck Babbitt; 2020 – Andrea N. McCormick/Captain Zodiac.
HIPc188: 2004 - Cascadia Research Collective; 2008 – Doug Perrine; 2010 – Jessica M. Aschettino/Cascadia Research Collective; 2014 – Chuck Babbitt; 2019 – Alexa Vitek; 2021 – Tori Cullins/Wild Dolphin Foundation.
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Figure S1. Examples of the progression of dorsal fin morphology in male false killer whales.
Sensitivity analyses
Table S2. Guides for adjusting age estimates based on potential misclassification of age class when first seen. Adjustments were added to age estimates for the scenario in which age class was underestimated, and subtracted from age estimates for the scenario in which age class was overestimated.  Adjustment values are derived from the differences between the minimum age value between each age class. For misclassifications of calves and juveniles, an adjustment of 2 years was used instead of 3 years, as young-of-year individuals (i.e., age = 0 years old) would be identifiable through the presence of neonatal folds. 
	Misclassification of focal individual
	Adjustment to age estimates (min/best/max)

	Classified as an adult (sexually mature) but truly a sub-adult (vice versa)
	+/- 4 years

	Classified as a sub-adult but truly a juvenile (vice versa)
	+/- 3 years

	Classified as a juvenile but truly a calf (vice versa)
	+/- 2 years

	Classified as developing physically mature adult male but developing/partial dorsal fin morphology expressed earlier/later than we assume
	+/- 5 years

	Classified as physically mature adult male, but fully developed dorsal fin morphology expressed earlier/later
	+/- 10 years



Table S3. Guides for adjusting age estimates based on the lack of genetically determined sex and/or sexually dimorphic features. Adjustment values are derived from the differences between the minimum age value between each relevant age class.
	Lack of genetic sex and/or sexually dimorphic features
	Individuals with age adjustments
	Adjustment to age estimates  

	No genetic sex; no developing physically mature adult male age class, but physically mature adult male age class remains (i.e., presence of clear sexually dimorphic features available and used)
	First seen as developing physically mature adult male
	Best: - 5 years
Minimum: - 4 years
Maximum: rule for CR-1

	
	Auxiliary years added due to genetic parentage information
	All estimates – aux years

	No genetic sex; no sexually dimorphic features present
	First seen as developing physically mature adult male
	Best: - 5 years
Minimum: - 4 years
Maximum: rule for CR-1

	
	First seen as physically mature adult male
	Best: - 15 years
Minimum: - 9 years
Maximum: rule for CR-1

	
	Auxiliary years added due to genetic parentage information
	All estimates – aux years














	
	Median best age (median minimum – median maximum)

	Dataset
	Scenario
	Females
	Males

	Full
	Original
	11 (9-22)
	15 (11-23.5)

	
	Overestimated age class
	9 (7-19)
	11 (8-20.5)

	
	Underestimated age class
	14 (11-25)
	20 (15-26.5)

	

	CR3+
	Original
	12 (10-20)
	16 (14-24)

	
	Overestimated age class
	10 (7-16.5)
	14 (9-21)

	
	Underestimated age class
	14 (12-23.5)
	20 (16-27)

	

	CR4+
	Original
	11 (9-14)
	15 (11-23.5)

	
	Overestimated age class
	9 (7-12)
	14.5 (12-20)

	
	Underestimated age class
	14 (11-16.5)
	20.5 (17-22.5)


Table S4. Summary of median age estimates by sex and across different scenarios explored in the misclassification of age class sensitivity analysis. CR = confidence rating.
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Figure S2. Density distributions of age estimates for the sample population of biopsy sampled Hawaiian false killer whales with auxiliary-based adjustments included (solid lines) and without auxiliary-based adjustments (dashed lines), colored by sex. Vertical lines indicate the median value for each of the two estimate types (original and auxiliary excluded). 
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Figure S3. Density distributions of catalog-derived age estimates for all biopsy sampled Hawaiian false killer whales with a confidence rating of three or higher (grey lines) and by sex (colored lines). (a) original age estimates; (b) estimates in the case we overestimated age class when first seen; (c) estimates in the case we underestimated age class when first seen (see Table S2 for details on age adjustments corresponding to (b) and (c)). Vertical black dashed lines represent median values for each category (all, female, male); plots where the black dashed line is not visible indicates that it is equal to the median value of males or females (see Table S4).  
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Figure S4. Density distributions of catalog-derived age estimates for all biopsy sampled Hawaiian false killer whales with a confidence rating of four or higher (grey lines) and by sex (colored lines). (a) original age estimates; (b) estimates in the case we overestimated age class when first seen; (c) estimates in the case we underestimated age class when first seen (see Table S2 for details on age adjustments corresponding to (b) and (c)). Vertical black dashed lines represent median values for each category (all, female, male); plots where the black dashed line is not visible indicates that it is equal to the median value of males or females (see Table S4).  
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Figure S5. Age estimates (circle = best age, bars = minimum-maximum age) for females and males colored by confidence rating derived from (a) the original protocol and (b) the amended protocol where maximum age was calculated based on the maximum age of one age class above that when first seen. 
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