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Figure 6: Average percent head bobbing time per replicate (A) and in 
each half of the video (B), n = 3-6 per replicate

• As temperature increased, velocity decreased in each treatment 

groups

• Generally, the length of time of the test did not influence response to 

the test except for the 20°C treatment group for the velocity. The 

animals slowed down but didn’t stop moving

• Animals with greater energy expenditure, like having a higher 

locomotory activity, will become oxygen limited faster in 

environments with higher thermal temperature ranges (3)

• The percent head bobbing time between each treatment group 

showed a declining trend as temperatures increased

• The growth rates of each replicate showed that the 20°C treatment 

group had a decrease in mass and the 12°C replicates grew faster 

than the 16°C replicates as time progressed. 

• 12B grew faster than 12A which could be due to genetic differences 

since they were in the same treatment but not from the same family. 

16A grew faster than the 12A which could be due to temperature 

because they came from the same family.

• As climate change continues, temperatures seen periodically now 

will be seen more regularly. This study highlights the importance of 

how temperature increases could affect Aplysia as climate change 

continues. 

(1) Kupfermann et al. 1974     (2) Pennings 1990     (3) Portner 2010
(4) Bates et a. 2014     (5) Fieber et al. 2018

• Aplysia were acclimated to 12°C, 16°C, or 20°C and kept at these 

temperatures for 22 to 30 days prior to experimentation

• Locomotion: Animals were acclimated for five minutes in the test tank and 

recorded for one hour and then their velocity and percent active time was 

analyzed using LoliTrack software

Figure 2: Aplysia 

treatment group

during locomotory 

experimental trial

• Head bobbing: We measured the percent of time that the animals’ head 

was moving repeatedly from side to side, and their upper body is not 

attached to the bottom of the tank for more than 30 seconds

• Righting: The righting reflex was reported as the time from when the 

animal hit the bottom of the tank to when they took their first step. There 

was a five-minute rest period in between each trial and then this was 

repeated three times for each individual (5)

• Each individual was weighed once a week for seven weeks to measure 

growth

Figure 3: Average velocity per replicate (A) and in each half of the video 
(B), n = 4 per replicate

Figure 5: Growth rates for each group of Aplysia during their 
acclimation period in their respective tanks: 12A and 16A were from 
Family 59 while 12B and 20A were from Family 66. Masses were 
taken weekly, n = 3-4 per replicate.

Figure 4: Average percent active time per replicate (A) and in each half 
of the video (B), n = 3-4 per replicate
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• Future studies should report on a 24°C treatment group to 

encompass the full range of the range of Aplysia, and to represent 

future temperature with climate change.

• More replication across all temperature treatments should be 

incorporated
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• This study uses the open-sourced modeling software JABBA 
to conduct Bayesian surplus production models of 
northwest Atlantic scalloped hammerhead sharks (Sphyrna 
lewini)

• A sensitivity analysis was conducted by varying life history 
characteristics and all three life history scenarios indicate 
the population is recovering well within a short timeframe

• Large sharks are vulnerable to overfishing due to their large size 
and slow growth

• Many sharks are data limited, making it difficult to implement 
management plans (1)

• Northwest Atlantic S. lewini faced heavy fishing in the early 1980s 
and once again in the early 1990s

• They are protected under CITES Appendix II and the Endangered 
Species Act but are still caught illegally and as bycatch

• Sought after for their large fins
• This study aims to assess the population of northwest Atlantic 

scalloped hammerheads and perform a sensitivity analysis based 
on a reasonable life history range

• The stock assessment can help determine if the population is 
overfished and what the timeline for recovery is

• Catch and catch per unit effort (CPUE) data were 
sourced from SouthEast Data, Assessment and 
Review (SEDAR) 

• Just Another Bayesian Biomass Assessment (JABBA) 
(2) was run through R (3)

• 3 life history scenarios were created by varying life 
history characteristics:

• The intrinsic rate of population increase (r) was 
given a prior mean of 0.089, 0.104, and 0.121 for 
low, medium and high respectively (4,5)

• A minimum fixed observation error of 0.1 was set, 
an informative gamma prior of (0.001,0.001) was 
used and an initial biomass depletion prior of 0.9 
with a CV of 0.25 was set 

• Forward projections were created with fishing 
scenarios based on a proportion of MSY

Figure 2: Kobe plot for low life history scenario 
combined run

Figure 3: Kobe plot for medium life history 
scenario combined run

Figure 4: Kobe plot for high life history 
scenario combined run

Figure 5: Biomass trajectory for low life history scenario 
combined run

Figure 6: Biomass trajectory for medium life history 
scenario combined run

Figure 7: Biomass trajectory for low life history scenario 
combined run

Figure 8: Probability that B > Bmsy for 
low life history scenario combined run

Figure 9: Probability that B > Bmsy for 
medium life history scenario combined 
run

Figure 10: Probability that B > Bmsy for 
high life history scenario combined run

Figure 1: S. lewini catch time series 

Future Studies
• JABBA does not factor in spawning stock fecundity
• Simple Stock Synthesis is a good alternative for simple 

age structured modeling
• More complex age structured models would provide 

more accurate insight and predictions of population
• Continuing to gather catch and CPUE data is important 

in updating current and future predictions of biomass

• The high life history scenario is the most optimistic 
currently and in the future across all fishing levels

• The low life history scenario is more optimistic than the 
medium scenario in the present

• The medium life history scenario is more optimistic in 
the future at low levels of fishing

• There is natural variability associated with the standard 
deviation and this could account for differences

• All life history scenarios have a similar and positive 
outlook for current stock status

• The rebuilding target for most sharks is 70% probability 
of recovery and it is reached in all scenarios except low 
and medium life history runs with fishing at 100% MSY 
(maximum sustainable yield)

• The status quo represents current fishing and passes 
70% in all three models by 2023

• While these outlooks are positive, they do not measure 
spawning stock fecundity and incorporating this usually 
results in a more pessimistic analysis

• Commercial fishing is also more common in the Pacific 
and threatens S. lewini there

(1) Chang and Liu, 2009 (6) NOAA, 2023
(2) Winker et al., 2022 
(3) R Core Team, 2022
(4) ICCAT, 2012
(5) SEDAR-77-AW04, 2022 
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