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ABSTRACT 
Marine mammal research often requires marking animals in order to collect 
important long-term ecological data. Various field research authorizations state 
that markings should not cause the animal pain or distress, nor should the 
marking impede the animal’s ability to perform natural behaviors. The research 
proposed here is the first to evaluate the combined behavioral and physiological 
responses to hot-iron branding and surgical implantation of Life History 
Transmitters (LHX tags) in juvenile Steller sea lions (Eumetopias jubatus). Data 
collected will identify changes in behaviors key to the animals naturalistic 
functioning, and from that a set of handling recommendations for captive and 
field research can be made. These data will also be used to develop objective 
pain assessment methods for sea lions and to apply these methods in identifying 
and reducing pain during invasive marking procedures in field research. While 
data collection is ongoing for the post-branding assessments, initial analyses 
suggest only minor behavioral and physiological responses. Preliminary 
assessments of post-LHX recovery have identified 2 distinct behaviors indicative 
of pain response, standing and back arching, which were witnessed in few to 
none of the pre-surgery observations. Physiological changes were noted, 
however they lie within previously published range for sea lions. Post-surgery 
behaviors suggest that the current post-operative analgesia and mitigation could 
be modified to further mitigate possible pain associated with LHX surgical 
procedures.  
 
INTRODUCTION & BACKGROUND 
As apex predators, marine mammals are of integral importance to the marine 
ecosystem, with great potential economic impact on important fisheries areas such as 
the Bering Sea. Throughout the northern latitudes, several marine mammal species 
have declined dramatically over the past few decades. Perhaps best documented, the 
precipitous drop of Steller sea lions (Eumetopias jubatus) throughout their Western 
Distinct Population Segment (DPS) has produced numerous investigations into the 
cause of their disappearance. We propose to address a fundamental issue relevant to 
PCCRC Research Priority #1 – Factors influencing the sustainability of marine 
mammal populations. In order to produce a model of sustainability, some method of 
population assessment must be used. This is most often achieved through aerial 
surveys (Fritz and Stinchcomb 2005; Angliss and Outlaw 2007), mark-recapture 
methods (Merrick et al. 1994; Merrick and Loughlin 1997; Loughlin et al. 2003; Raum-
Suryan et al. 2004) or long-term tracking of individuals (Merrick et al. 1996; Horning and 
Hill 2005). While aerial surveys are typically considered low disturbance, any temporary 
or permanent mark can be considered controversial, as demonstrated in the Human 
Society of the United States lawsuit (2006). Concerns raised over particular methods of 
marking, including hot-iron branding, were sufficient to result in the revocation of all 
Steller sea lion research permits for a period of over a year. In order to help address the 
high-profile animal welfare issues inherent in any permanent marking or tagging 
method, we propose to study the behavioral and physiological effects of two currently 



  

utilized protocols in Steller sea lion population monitoring: 1) hot-iron branding and 2) 
abdominal implantation of Life History Transmitters (LHX tags). 
Hot-iron Branding and Implanted tags 

Branding has been used for centuries to identify domestic farm animals such as cattle 
and horses (Macpherson and Penner 1967) and has been adapted for use in other 
mammals such as pinnipeds and non-domesticated ungulates (Merrick et al. 1996, 
Nietfeld et al. 1994). Brands provide researchers with a permanent and unique mark 
that can be used when collecting life history data, movement patterns, and site fidelity 
data (NMFS 2002). Hot-iron and the alternative method of freeze branding has been 
studied extensively in cattle (Lay et al. 1992a, 1992b; Schwartzkopf-Genswein et al. 
1997a, 1997b; Schwartzkopf-Genswein et al.1998); however, the physiological effects 
of branding in pinnipeds is just beginning to be understood (Daoust et al. 2006; 
McMahon et al. 2006; Mellish et al. 2007b). Preliminary studies of hot-iron branding 
documented a general inflammatory response with elevated white blood cells and 
platelets, as well as an acute phase reaction, with all levels returning to baseline prior to 
release a few weeks later (Mellish et al. 2007b). 
The absence of long-term survival data on endangered species has led to the 
development of new tracking devices. The Life History Transmitter (LHX) is one such 
device that has given researchers the ability to collect life-long data on dive behavior, 
pressure, motion, light levels, temperature and conductivity in Steller sea lions (Horning 
and Hill 2005). A pilot study showed a significant acute phase reaction post-surgery, 
however, all measured parameters returned to baseline levels prior to release 6 weeks 
later (Mellish et al. 2007a).  
 
OBJECTIVES 
The specific objectives of this proposal are to:  

1. Conduct behavioral observations in order to identify key behaviors 
exhibited during and after two types of invasive, long-term 
marking/monitoring procedures (i.e., hot-branding and LHX implantation).  

2. Compare key behaviors with physiological parameters of inflammation 
(e.g., elevated leukocyte count, acute phase response).   

3. Develop objective pain assessment methods for sea lions and apply these 
methods in identifying and reducing pain during invasive marking 
procedures 

 
STUDY AREA 
All observations and samples will be collected at the Transient Juvenile Steller Sea Lion 
Facility at the Alaska SeaLife Center, Seward. This is a specialized quarantine 
environment dedicated to the study of Steller sea lions (Mellish et al. 2006). All sea lions 
have been collected from juvenile-only haul-out locations in Prince William Sound and 
Resurrection Bay.  



  

 

EXPERIMENTAL METHODS 
As part of the Transient Juvenile Steller sea lion Project, which includes up to 6 sea 
lions at a time for up to 3 months of temporary captivity (Mellish et al. 2006), up to 24 
juvenile Steller sea lions will be included in the analyses described below. The data 
collected will comprise a substantial component of K. Walker’s PhD dissertation.  
Behavioral assessments: 

Upon arrival to the ALSC, animals are randomly assigned to one of two treatment 
groups. Animals are housed together, dependent upon the individual temperaments of 
the animals captured, which allows for all four research pools to be accessed. Individual 
animals are uniquely identified with symbols shaved in their fur on their dorsal side. 
Baseline observations will occur for 3 days before any marking procedure (LHX implant 
or branding). To study the cumulative effects of the procedures, 3 sea lions will receive 
both an LHX implant and a hot-iron brand on the day of Procedure 1. The other three 
sea lions will receive only an LHX implant followed by a hot-iron brand 2 weeks after the 
LHX implant. All animals at the time of the LHX implant will be under general anesthesia 
(isoflurane gas) and will receive a post-operative analgesic (flunixin). Animals receiving 
only an LHX implant in Procedure 1 will receive the analgesic at the time of the LHX 
implant, but will only be administered general anesthetic (isoflurane gas) on the day of 
hot-iron branding.  
In addition to identifying behaviors related to pain and discomfort, the effectiveness of 
post-operative analgesics used with LHX implants and branding will be studied. The use 
of analgesics such as ketoprofen and carprofen, known to be effective in controlling 
inflammatory pain responses, could be considered. The current permitting regulations 
however do not allow amendments to existing sea lion permits; therefore, we are left to 
infer analgesic effectiveness from the animals in Procedure 1 (LHX implant + branding 
with analgesic) versus animals in Procedure 2 (branding with no analgesic).   
All behaviors will be monitored for 7 days (3 days before a procedure, day of procedure, 
to 3 days following a procedure). Behaviors will be monitored during live observations 
that will take place during 3 day parts (morning 9:00-11:00, afternoon 13:00-15:00, and 
evening 17:00-19:00). Video cameras, which are attached to a VCR time-lapse 
recorder, are positioned above the four research pools and will record activities from 
7:30 – 19:30 daily. For the 3 days pre- and 3 days post-procedure, focal animal 
sampling will occur on all animals six times a day, twice during each day part. On 
procedure days, focal animals will be observed once pre-procedure, for one hour post 
procedure (which will take place one hour after anesthesia while being held in a dry run 
between pools), and for the first post-procedure access to food, pools, and other sea 
lions. Point in time sampling will be used to record behaviors (one sample every minute 
for ten minutes). Behaviors will include social interactions (e.g., wrestle, bite, chase), 
positional behaviors (e.g., float, sit upright, prone, alert), proximity to others, feeding 
behaviors, as well as vocalizations and specific wound directed behaviors. All 
occurrence sampling will be used to monitor total time spent in the water.  



  

Modifications to proposed methodology: To evaluate when the behavioral responses 
began to diminish, animals were observed 3 days pre-, as well as for the 3 days and 12-
15 days post-surgery. After running a validation and a power analysis on the data, the 
final behaviors chosen to measure behavioral responses to LHX implant surgery include 
sit up, lie down, stand, back arch, float, locomotion and time spent alert, as well as lying 
position (right, left, dorsal or ventral).  
Physiological assessments 

Physiological parameters of inflammation and healing will be assessed during routine 
health assessments at a minimum of two weeks prior to the implant/branding event, the 
day of the event, and two weeks post-event, as set by the handling guidelines for the 
larger Transient Project (MMPA 881-1890). These parameters include, but are not 
limited to, complete blood count, serum chemistry, serum haptoglobin and body 
condition (via deuterium oxide and ultrasound of blubber depth). Methods for these 
analyses are documented in detail in Mellish et al. 2006 and Thomton and Mellish 2007.  
Modifications to proposed methodology: Body condition measured via deuterium oxide 
will not be available for all animals due to funding cuts on the alternate grant support the 
cost of this analysis. In addition, upon re-examination of the logistical constraints of the 
controlled environment, it was determined that any measure of body condition would 
most likely be most influenced by the dietary regime of the temporary captivity period, 
rather than due to a procedural response (i.e., natural foraging requirements/schedules 
cannot be replicated in this environment). With the exception of any outliers, such as an 
individual that refrained from eating for extended periods, body condition will not be 
included. Due to external logistical requirements, the individuals from the August 2008 
cohort (n=6) for the branding portion of the study were sampled at 10 days pre-branding 
rather than two weeks pre-branding.  
 
PRELIMINARY RESULTS & DETAILED TIMELINE 
Including available data from a pilot study in August 2007, we have post-brand 
assessments from a total 11 sea lions (n=3, August 2007; n=2, February 2008; n=6, 
August 2008). Post-LHX assessments have been collected from 9 sea lions (n=5, 
August 2007; n=4, February 2008). Animals included from the August 2008 cohort are 
under continuing observation until mid-November 2008.  
Hot-branding- Data collection (behavioral and physiological) was completed for this 
portion of the project in late September 2008. We anticipate having a completed 
manuscript by February 2009. The following behaviors were observed pre- and post-
brand: sit up, lie down, stand, back arch, float, locomotion, grooming and time spent 
alert, as well as lying position (right, left, dorsal or ventral). Preliminary data suggest 
small behavioral changes after hot-branding, such as time spent lying on the branded 
side and time spent grooming the branded area. However, we cannot say this with 
confidence until after our analysis is completed. Physiological changes noted include 
increased white blood cell counts and decreases in albumin, however we have not yet 
completed all statistical analyses.  
 



  

LHX- Significant differences were found in five behaviors after LHX surgery. Of 
particular interest are 2 behaviors, back arching and standing, which were witnessed in 
little to no observations prior to surgery but were seen for the 2 weeks following surgery 
(Fig. 1). Additional changes in behavior witnessed were a decrease in time spent on 
their ventral side, instead the sea lions switched to lying and sitting on their left and right 
sides. While most blood parameters measured (complete blood count, serum chemistry) 
remained within normal ranges, most notably there was an increase in white blood cell 
counts and globulins approximately 2 weeks post-implant. The elevation in these two 
parameters corresponded to prior findings of an earlier pilot study, and the response 
had returned to baseline by the time of release a few weeks later.   
 
Original Timeline 

April – November 2008: Behavioral and physiological sampling of up to 24 juvenile 
Steller sea lions at the Alaska SeaLife Center  

November – December 2008: Data analysis and annual report preparation 

January 2009: Annual report presentation to PCCRC in Anchorage 

February – August 2009: Data analysis, manuscript and final report preparation 

Revised, Detailed Timeline 

(August-October 2007): Pilot study data collection for branding study (n=3), and LHX 
study (n=5) 

February 2008: PCCRC awarded. 

February-April 2008: Detailed behavioral and physiological data collection for branding 
study (n=2) and LHX (n=4). Data collection for LHX portion completed. 

May-July 2008: Data entry and preliminary statistical analyses. First manuscript 
preparation.  

August 2008: Travel (K. Walker & J. Mellish) to Vancouver, BC, for consultation with 
animal welfare experts, D. Weary and D. Fraser.  

August-November 2008: Sea lion collection, with final individuals for post-branding 
study (n=6). Detailed data collection and entry continues for post-brand study.  

November-December 2008: Completed data collection and data entry for both 
branding and LHX portions of the study. Planned submission of LHX manuscript. 
Preparation of post-branding study manuscript.  

January 2009: Presentation by K. Walker to PCCRC annual meeting in Anchorage.  

February 2009: Completion of all data analyses and submission of second manuscript 
(post-brand study).  



  

March 2009: Final report to PCCRC.  

 
DISCUSSION 
In the LHX portion of this study, we found that sea lions displayed two behaviors after 
surgery that were not witnessed prior to surgery, standing and back arch. These 
behaviors may be witnessed as sea lions promote the recovery of the wound by 
modifying their behavior to reduce further damage to the incision area. Tissue 
inflammation is also known to increase nerve sensitivity (hyperalgesia), which could 
explain why we see the sea lions back arching and standing at 2 weeks post-surgery. 
Alternatively, the location of the LHX tag in the abdominal cavity may be causing 
discomfort rather than pain per se, and this may be why the back arching and standing 
behaviors are still witnessed at 2 weeks post-surgery. 
White blood cells are typically mobilized for general stress and physical insult (e.g. 
laceration, abscess) to varying degrees. The elevation witnessed in this study due to 
LHX surgery lies within the previously recorded ranges for Steller sea lions, and is 
significantly lower than counts witnessed in sea lions with abscesses. The overall lack 
of physiologically significant response suggests that LHX tags do not greatly impact the 
short-term health of Steller sea lions. 
 
PRELIMINARY CONCLUSIONS  
Marking of marine mammals is required to gain a better understanding of life history 
traits. While such procedures may alter an animal’s natural behaviors and may cause 
pain or discomfort, few studies have examined these responses. To date, this is the first 
study to look at both the behavioral and physiological responses to invasive procedures 
in marine mammals. We describe distinct post-procedural changes in behavior, likely 
related to pain or discomfort. These data can be used to further investigate the effects 
of invasive procedures. Physiological changes were witnessed in this study, but were 
within the normal published ranges for sea lions and these responses receded prior to 
release at 4 weeks after surgery. The results from this study indicate that alternative 
pain management strategies (i.e. alternative analgesia or pre-operative administration of 
analgesia) merit further study to more comprehensively mitigate possible pain or 
discomfort associated with abdominal surgical procedures.   
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Figure 1. Mean proportion of time spent standing and in back arch behavior before and 
after LHX implant surgery. Data presented as arcsine square root transformed means 
with standard errors. x-axis is time, presented in 24-hour periods with Time 0 
representing the first 24-hour period following a procedure. 3d pre is the average of the 
3 days pre-surgery, while 2 wks post is the average of days 12-15 post-surgery. 
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STUDY PRODUCTS 
K. Walker will be presenting the results of this work (which will be a large portion of her 
Doctoral Dissertation) at the annual meeting in Anchorage, 2009. We anticipate 2 peer-
reviewed manuscripts to result directly from this study, with up to an additional three 
that build on the preliminary knowledge gained. The first manuscript entitled, “Short-
term behavioral and immunological responses to abdominal surgery in juvenile Steller 
sea lions (Eumetopias jubatus)”, is in final draft stage and will be submitted to Applied 
Animal Behavior Science in October 2008. In addition, a proposed set of analgesic 
guidelines designed to most effectively minimize pain and discomfort associated with 
abdominal surgery procedures will be provided to the marine mammal community. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 


	Making our mark:
	Assessment of the behavioral and physiological effects of long-term tracking methods in Steller sea lions (Eumetopias jubatus)
	INTRODUCTION & BACKGROUND
	Hot-iron Branding and Implanted tags
	PRELIMINARY CONCLUSIONS


	ACKNOWLEDGEMENTS

