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Abstract


A 25 year old male African penguin Spheniscus demersus did not molt for four years resulting in exposed skin and down.  Due to his lack of insulation, he was shivering, inactive and reclusive.  After medical diagnostics were performed, cause for arrested molt not determined and a hormonal treatment proved unsuccessful in inducing molt, the penguin was suited with a removable 3mm neoprene vest.  The neoprene vest created a form fitting insulative layer that allowed full natural movement both in water and on land.  While wearing the neoprene vest the shivering behavior subsided, normal activity resumed and he engaged in normal social behaviors.  This paper describes the wetsuit design and provides patterns for making the vest that may be functional for a penguin in similar condition.
Introduction


Penguins have internal biological clocks which cue molting and are influenced by exposure to external environmental factors (Cockrem, 1990; Cockrem, 1995; Davis, 1995; Davis & Renner, 2003, Wallace & Walsh, 2003).  African penguins Spheniscus demersus molt approximately every 10.5 months, resulting in complete replacement of feathers (Cooper, 1978; Bennet, 1990).  Indications of a penguin molting include appetite increase, significant weight gain (31%) and reduction of activity and displays (Bennet, 1990; Cooper, 1998).  In wild and captive penguin colonies, irregular molt patterns can occur and have been attributed to inadequate pre-molt body mass (Cooper, 1978), behavioral, environmental or medical reasons.  Penguins’ plumage has responded positively through molt induction via use of several different drug therapies (Hines, Kolattukuty & Sharkey, 1993; Reidarson, McBain & Denton, 1999).  
Case History 
An African penguin hereafter referred to as “Pierre” was transferred to Steinhart Aquarium from The Maryland Zoo in Baltimore in June 1983 and has since resided at Steinhart Aquarium facilities.  He is normally a dominant male with few health issues except a periodic cough since 1997.  A workup in April 2000 diagnosed the cause of cough as inflammation of the upper respiratory tract with an allergic etiology.  This resulted in treatment with Hydroxyzine at maintenance dosing ranging from 5 mg once daily to 10 mg twice daily to control cough.  From May 2004 until May 2008, Steinhart Aquarium housed Pierre with the colony of African penguins in an exhibit described by Schaller (2006).   
While located in this exhibit, Pierre molted in June 2004, replacing all feathers normally.  However, since 2004, he did not show any usual signs of molting.  As time progressed his feather coat became thin, down was exposed and bald patches around his chest, head and lower back appeared (Figures 1-3).  His behavior changed and he did not socialize or frequently swim with the colony.
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     Figures 1-3: Pierre 2 February 2008
In February 2007 a feather loss workup was done.  The complete blood count showed no indication of infection, chemistries showed a low grade kidney dysfunction.   Feather biopsies were performed and results found within normal limits.  A treatment of 0.2mg Levothyroxine twice daily for 45 days was prescribed and followed (Hines, Kolattukuty & Sharkey, 1993).  This treatment did not induce molt in Pierre’s case.  The staff tried a variety of alternative methods, including time in the Sun Pen for exposure to higher levels of UV and adding heat lamps to the exhibit.  All alternative methods proved ineffective.
In January 2008, with help from Celeste Argel a seamstress who had experience in tailoring children’s costumes, a neoprene vest was developed that allowed the penguin full movement of head, wing, and torso.  There were many fittings, requiring both biologist and seamstress to tailor the vest for conformed contour.  These fittings included time spent both on and off exhibit to determine color, type and thickness of material, shape of suit, wing hole size and vest closure.
Materials and Methods 
The colors tested included white, brown and black.  Other penguins seemed interested in all colored vests with black drawing the least attention.  Neoprene was chosen for flexibility of movement and warmth while wet or dry.  The thickness of 3mm was chosen as a pliable thickness, allowing for safe motion, and keeping the penguin slightly positively buoyant.  Small wing holes maximized insulation without causing irritation.  
The Velcro vest closure was placed along the entire length of the suit for easy donning and doffing. This also accommodated for any weight fluctuations.  The Velcro loop side was sewn onto the neoprene facing away from the penguin’s body. This placement allowed the penguin to rub its head against neck and back without irritation to head or eyes.  Seams were positioned on the penguin’s sides to avoid irritation while at rest.  Unstitched neoprene edges on the neck, wing and torso were chosen to prevent skin abrasions or raw marks at those crucial borders (Figure 4-6).
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Figures 4-6: Pierre 23 February 2008

A vest design with exposed torso took into consideration the following penguin movements and behaviors: standing, walking, running, laying down, swimming, stretching, feeding, drinking, braying, preening, allopreening, excreting waste and copulating.  Incubation and chick rearing were not observed during trial.  The vest design allowed staff to check when molt begins as tail feathers are first to grow in.  The staff monitored all phases of design and function.  The trials were performed off exhibit then on exhibit for increasingly longer periods of time. 
Discussion and recommendations  

Penguins are highly social and a hierarchy is maintained through head movement, stance of beak, body posture and eye position (Eggleton & Siegfried, 1979).  The wetsuit does not obscure those behaviors.  However, it initially draws concentrated attention from cohorts to the wearer.  The suited penguin must be experienced in effectively defending itself against potentially aggressive behaviors.  In addition, the bird must be capable of handling the stress of capture and restraint for fittings. 
In April 2008 Pierre completely grew his feathers in after 6 weeks of wearing the vest (Figures 7-9).  One hypothesis for the molt was that Pierre was inefficiently utilizing calories due to lack of feathers and while wearing the vest the conservation of energy may have contributed to molt.  However, two months prior to wetsuit trial and subsequent molt, Pierre was taken off the Hydroxyzine.  This was to evaluate whether the drug was a factor in his arrested molt.  Since April 2001, Pierre had been on a course of 5-10 mg Hydroxyzine.  Over the years he had been taken off treatment for as long as six months to verify effectiveness.  Though he had not molted when off medication in the past, he also did not have previous molt problems.  It is impossible to rule out that discontinuation during trial caused molt.  Note, as of the end of April 2008, Pierre was placed back on Hydroxyzine 7.5 mg twice daily to control the increase [image: image7.jpg]
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in his cough frequency.  

Figures 7-9: Pierre 5 June 2008
It is difficult at this time without additional analysis to determine what caused his molt since the normal molt process is a result of many contributing factors.  On the other hand, the vest fulfilled the goal of comfort and insulation.  The vest was fundamentally a replacement for worn feathers and bald patches.   The application was particularly useful to this penguin as he was thin (3.052 Kg), and it may not be useful to a bird with a thicker fat layer that can maintain its body temperature.  
There are cautions for a penguin wearing a wetsuit.  The initial suit made from neoprene was too large for Pierre.  He was able to get his foot completely into the wing hole while scratching and was trapped.  The suit was removed, cut and re-glued to securely fit and reduce the wing holes’ diameter.  The other danger observed was an initially well intentioned tab sewn into the suit by the neoprene seamstress.  These tabs are normal for wetsuits and aid in removal.  Unfortunately the tab was sewn to form a loop.  The penguin, while preening, caught its beak in the tab.  Although the tab was useful, it was crucial to attach with only one piece of cloth or sewn so no loop is created.  A potential danger that is inherent in naturalistic exhibits is neoprene can catch onto rockwork or concrete.  We did not have these materials in the exhibit at the time therefore did not experience this hazard.  It is highly recommended to evaluate the exhibit and monitor the bird extensively while it is wearing the vest. 
How To Make a Penguin Wetsuit
Patterns (As submitted they are actual size)
· Print the following 3 patterns onto rigid paper and cut along solid lines

· Front (chest) Pattern may be too wide for printing margins, if printing cuts off parts of side, the curved edge of Back Patterns can be traced onto sides of Front Pattern to make up for printing loss.
· Triangular cutouts are for the wings
· Patterns can be adjusted to penguin size by increasing printing size 
· Instruction side of Front pattern will be towards penguin body

· Instruction sides of Left and Right Back will face away from penguin body

 Measurements and Neoprene Properties
· Measure circumferences of the penguin neck, chest by wings and hips.

· Measure lengths of neck to hips on front side of body and on back. 

· Add at least 2 inches to circumference to allow for the Left and Right Back Pattern to overlap for the Velcro closure on the back.  

· Neoprene patterns are smaller than cloth patterns, so after measurement, reduce the total measured lengths by 1 inch. 

· Neoprene is easier to cut and refit than to add to.  The patterns can be made slightly larger to begin with then trim the neoprene suit after fitting (see caution under Discussion and Recommendations). 
   Materials List
· Wetsuit material; at least 3 square feet per vest of black 3mm neoprene 
· http://www.seattlefabrics.com/neoprene.html#2mm%20and%203mm%20Neoprene
· Neoprene glue  

· 10 inches of 2 inch wide black Velcro “hook side” 

· 20 inches of 1 ½ inch wide black Velcro “loop side” 
· Straight pins

· Black thread

· Scissors

· Neoprene sewing machine/needle

· Neoprene seamstress
· Local dive/surf shop that makes custom or standard wetsuits
Manufacture Vest
· Front Pattern is for front (chest) of penguin 

· Left and Right Back Patterns are made separately with Velcro enclosure on the back  

· Seams are on side of penguin, they are to be glued and sewn closed.  If able, glue only on the first fitting, in case the suit needs to be taken in.  
· Left and Right Back pieces are attached to the Front piece on their curved edges by glue/sewing, they over lap each other on their flat side. 

· Two strips (8-9 inches long) of 1 ½ inch wide Velcro (loop) are sewn to the upper face (away from penguin body) of the Left Back piece along the straight edge of the neoprene. 

· One strip (8-9 inches long) of 2 inch wide Velcro (hook) is sewn to the inside face (towards penguin body) of the Right Back piece along the straight edge of the neoprene. 

· In order to remove the wetsuit more easily a tab (not a loop) can be added near the neck.  Attach by sewing the tab between the hook Velcro and the neoprene on the Right Back piece (see caution under Discussions and Recommendations).
Suiting and Fitting Penguin 
· This is a 2 person job. 

· One person restrains the penguin. 

· One person stretches one wing hole over first wing, stretches front of suit over chest.  They than fold and place second wing into other wing hole and velcro the suit shut. 

· Fitting includes monitoring all activities of the penguin while in the suit.  
· The wetsuit should be evaluated if/where the gaps can be taken in. 
Re-sizing

· If vest needs to be taken in it should be at the side seams equally. 
· Seams can be cut with scissors.  
· Straight pins are used to hold seams together while glue dries.
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