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Penguin molts occur annually after breeding, allowing effective waterproofing and 
temperature regulation. However, aberrant molts frequently occur in penguins, 
which can lead to health problems if prolonged. Although the exact mechanisms 
underlying molting in birds remain unclear, some studies have focused on the 
roles of thyroid and sex hormones in penguins. Previous studies on forced molting 
using hormonal treatments have shown both success and failure. In particular, 
the use of synthetic thyroxine (levothyroxine) has mostly not been successful. 
This study aimed to induce molting by administering commercial levothyroxine 
to one Humboldt penguin (Spheniscus humboldti) and four African penguins 
(Spheniscus demersus) with abnormal molting, housed in aquaria. The planned 
levothyroxine dosing protocol was to start with 25 μg/kg PO q24h for 7 d, then 
increase it gradually to 50 μg/kg PO q24h for the next 7 d and 75 μg/kg PO q24h 
for 7 d, followed by a gradual decrease to 50 μg/kg PO q24h for 7 d, and 25 μg/
kg PO q24h for the final 7 d. Three penguins received treatment according to 
this scheduled protocol, two of which initiated molting during the dosing period, 
while the third began to molt approximately 3 months post-treatment. Another 
penguin was administered the maximum dose for an additional week, which led to 
molting in the final week of treatment. In the remaining penguin, the medication 
was deemed to be insufficiently absorbed because of inadequate drug delivery 
methods. Consequently, the drug delivery strategy was changed during the 5th 
week of treatment, and the treatment was extended for an additional 3 weeks 
beyond the original plan, after which the penguin began to molt. Therefore, all five 
penguins in this study exhibited molting following oral levothyroxine treatment, 
suggesting that this is a potential option for inducing molting in banded penguins 
(Spheniscus sp.) experiencing aberrant molt.
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1 Introduction

Humboldt penguins (Spheniscus humboldti) and African penguins 
(Spheniscus demersus) belong to the genus Spheniscus and are also 
known as “banded penguins” due to the black band on their chest and 
the side of the body (1, 2). These medium-sized penguins weigh 
between 3 and 5 kg, with Humboldt penguins being slightly larger 
than African penguins (3). Humboldt penguins are distributed along 
the western coast of South America where the Humboldt current 
flows, while African penguins inhabit the southwestern coast of Africa 
(4, 5). In their natural habitats, Humboldt penguins are classified as 
vulnerable on the International Union for Conservation of Nature 
(IUCN) Red List. African penguins were uplisted from endangered to 
critically endangered in 2024 because of significant population 
declines (6, 7). These species, which are adapted to tropical to 
temperate climates, have a wide optimal temperature range, making 
them relatively suitable for keeping in captivity (8). Consequently, they 
are among the most observed penguins in zoos and aquariums 
in Korea.

Both African and Humboldt penguins breed year-round. During 
the breeding season, they lay one or two eggs and rear their chicks. 
Once chick care is no longer necessary, they undergo a post-nuptial 
molt (9, 10). Penguins molt annually. Humboldt penguins primarily 
molt during the austral summer, from January to March (11, 12). 
African penguins in Namibia typically molt during autumn (April–
May) and summer (December), whereas those in South Africa molt 
during the summer months of November and December (13, 14). 
Zoologically-managed penguins in the Northern Hemisphere 
generally molt during the boreal summer, from June to August 
(15–17).

Penguin feathers are well adapted to aquatic environments. Their 
densely packed plumage provides excellent waterproofing and 
insulation properties (18, 19). Penguin feathers are generally 
categorized into contour feathers and downy feathers. In the case of 
Emperor penguins (Aptenodytes forsteri), afterfeathers and filoplumes 
were also identified (20). As feathers deteriorate over time, the annual 
molt—during which feathers are all replaced—is one of the major 
events in a penguin’s yearly cycle. Molting in birds is an energy-
intensive process and, as such, does not overlap with reproduction or 
migration, which also require significant energy (18, 21–24). Penguin 
molts, in particular, are remarkably energy-demanding—catastrophic 
molts—unlike those of flying birds, as they involve the loss of all 
feathers over a short period (15, 19, 25). Consequently, penguins are 
extremely vulnerable to stress during this time (26, 27). In the 
pre-molt phase, penguins accumulate energy by consuming large 
quantities of food, increasing their body weight by up to 31% on 
average. During molting, all existing feathers are shed as new feathers 
grow beneath. Once molting begins, penguins cease food intake, and 
their body weight can decrease by up to 41% from the peak weight (15, 
26). The feather-shedding period for African penguins averages 
17–21 days (13, 15, 26, 28). Captive Humboldt penguins have 
demonstrated shorter molting periods (10 days), possibly because of 
more consistent food availability (2). In the post-molt phase, penguins 
return to the water to resume feeding and regain their body weight.

Abnormal molting is a frequent issue in penguins, with a 
prevalence rate of approximately 18.3% in populations under managed 
care (29), and is a particular concern in penguins kept in indoor 
environments (3). While the exact causes of abnormal molts have not 

been definitively identified, inappropriate light cycles, nutrition, and 
humidity levels are thought to contribute to the problem (8). In a 
previous study, abnormal molts were classified according to the timing 
and severity (Table 1) (30). Maintaining a proper molting cycle is 
crucial for the health of penguins.

The precise mechanisms underlying avian molting have not been 
fully elucidated (31); however, some studies on penguins have 
suggested that molting is closely associated with sex and thyroid 
hormones. Studies have shown that in Humboldt, King (Aptenodytes 
patagonicus), Adelie (Pygoscelis adeliae), and Emperor penguins, sex 
hormone levels (testosterone, estradiol) increase during the breeding 
season, followed by gonadal involution (16, 32–35). When steroid 
hormone levels reduce to baseline, the plasma concentration of 
thyroxine (T4) begins to rise and rapidly surges to its peak, coinciding 
with the onset of molting. In avian species, sex hormones may play a 
role in suppressing T4 levels (16, 31). Molting continues until thyroid 
hormone levels decline, at which point it ceases. Subsequently, sex 
hormone levels increase again.

Several cases of hormone-induced molting in penguins have been 
reported. In Chinstrap penguins (Pygoscelis antarcticus), molt could 
be  induced by administering 30 mg/kg of medroxyprogesterone 
through five sequential weekly injections, followed by a repetition of 
the same regimen a month later (36). Successful cases of molt 
induction using subcutaneous implants of 5.4 mg melatonin have also 
been reported (30). In juvenile Yellow-eyed penguins (Megadyptes 
antipodes), molt was induced by feeding 10 g/kg of fresh beef thyroid 
gland once daily for approximately 18–26 days (37). In other bird 
species, exogenous thyroxine has been used to induce molting (e.g., in 
turkeys and chickens) (22, 38).

Levothyroxine is a synthetic thyroxine (T4) hormone used to treat 
hypothyroidism in humans and other animals (39, 40). However, to 
authors’ knowledge, no previous study has effectively induced molting 

TABLE 1  Grading scheme for abnormal molting (30).

Temporal 
grade

Description Degree 
grade

Description

1.1 No molt observed 

on an annual 

interval

A Full feather 

coverage but 

plumage may seem 

dull, brittle, or 

diminished
1.2 Penguin molted 

multiple times in a 

single year

2 Prolonged molt: 

penguin 

experienced 

prolonged molting 

interval compared 

to average molting 

(17–21 days)

B Partial molt, where 

<30% of plumage 

coverage is 

abnormal, including 

absence of feathers 

or poor feather 

quality

3 Arrested molt: 

penguin began a 

molt but failed to 

complete the 

process for the 

entirety of its 

feathers

C Severe abnormal 

molt, where >30% 

of plumage is 

abnormal, including 

absence of feathers 

or poor feather 

quality
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in penguins by using levothyroxine (30, 37). Therefore, this study 
aimed to explore a method for administering T4, which is known to 
be associated with avian molting, by using a commercially available 
medication. This study presents a novel approach for inducing molting 
in penguins by gradually applying levothyroxine to Humboldt and 
African penguins that exhibited molting abnormalities.

2 Case descriptions

Aquaria A and B collectively housed 30 penguins in indoor 
enclosures. Aquarium A maintained a mixed colony of 13 penguins, 
comprising eight Humboldt penguins (four females and four males) 
and five African penguins (three females and two males). The 
exhibition environment was managed at an air temperature of 
21.25 ± 3.03°C and a water temperature of 18.71 ± 0.73°C. Aquarium 
B exclusively housed 17 African penguins (8 females, 9 males) in an 
environment with an air temperature of 19.25 ± 2.65°C and a water 
temperature of 16.3 ± 1.8°C. Both facilities fed the penguins thawed 
whole Korean sandlance and capelin twice daily. Additionally, they 
supplied the penguins with 1–2 tablets of a multivitamin supplement 
(5 M25, Mazuri Exotic Animal Nutrition, St. Louis, MO, USA) daily. 
The terrestrial enclosure undergoes daily cleaning protocol, and 
semiannual sedimentation plate testing is conducted to assess airborne 
fungal contamination within the enclosure environment.

Between 2019 and 2022, one Humboldt penguin and four African 
penguins showed symptoms of abnormal molting. Among these, four 
individuals did not undergo natural molting even 1 year after their last 
molt, with the alopecia area exceeding 30% of their body surface 
(grade C). This condition was deemed severe enough to warrant 
forced molting. The other individual maintained waterproofing 
abilities but had not molted for 2 years and 10 months, leading to a 
decision to initiate treatment. Detailed information on the penguins 
treated in this study is provided in Table 2. Macroscopic examination 
of each penguin revealed no clinical signs of infection, including 
erythema, papules, pustules, or crusting lesions. Photographic 
documentation was obtained from both dorsal and ventral views to 
quantify the extent of lesional involvement.

The molt-inducement treatment protocol was established by 
referencing methods used for inducing molt in raptors (41). 
Levothyroxine (25 μg tablets, Dalim Biotech, Gangwon, South Korea) 
was administered orally once daily, by placing the tablets in the fish 
fed at mealtime, and the dose was adjusted weekly. The specific dosage 
schedule was 25 μg/kg PO q24h for 7 d, 50 μg/kg PO q24h for 7 d, 
75 μg/kg PO q24h for 7 d, 50 μg/kg PO q24h for 7 d, and 25 μg/kg PO 
q24h for 7 d, i.e., a gradual increase followed by a decrease. The timing 
of the molt was determined visually as the period between the first 
observation of continuous shedding of old feathers and the observed 
replacement of all new feathers.

2.1 Case 1

Penguin 1 (P1) was a female Humboldt penguin with a history of 
molting annually. In 2018, at approximately 5 years of age, the subject 
developed focal alopecia in the mid-dorsal region of the tail area. 
Thereafter, molt initiation was observed, characterized by chest 

plumage ruffling with concurrent minor feather loss; however, molting 
was temporarily suspended for 2 weeks, after which it resumed as 
comprehensive whole-body molting. In 2019, P1 exhibited similar tail 
region symptoms without concurrent molting signs. The affected area 
gradually expanded, leading to symmetrical feather loss across the 
dorsal surface. The alopecia then spread to the head and flippers, and 
the chest feathers appeared puffy. Dermatological examination of the 
alopecia regions demonstrated an absence of infectious manifestations, 
including erythema, papules, and pustular formations. Microscopic 
analysis via sticky tape sampling revealed no detectable bacterial or 
fungal organisms. Furthermore, fungal culture results obtained 
through feather plucking yielded negative findings, effectively ruling 
out fungal infection. Given that the initial alopecia lesions were 
observed near the tail region, impression cytology of the uropygial 
gland was conducted, revealing the presence of coccoid bacteria. 
Consequently, oral enrofloxacin therapy was initiated; however, 
clinical improvement was not observed following antibiotic treatment. 
Based on these findings, the lesions were considered to have a 
non-infectious etiology; therefore, hormonal therapy was initiated as 
a therapeutic trial.

To induce molting, levothyroxine was administered by embedding 
the tablets in fish during feeding times, with dosage gradually 
increased according to protocol and subsequently tapered. Molting 
commenced during the 3rd week of treatment, evidenced by initial 
feather shedding. Feather replacement occurred sequentially, 
beginning with the trunk region, followed by the head and neck areas, 
with completion achieved by the 4th week. Serum biochemical analysis 
performed 2 weeks post-treatment showed no significant findings in 
hepatic, renal, or electrolyte profiles.

2.2 Case 2

Penguin 2 (P2) was a female African penguin with an established 
pair bond. Following the initial molt, P2 underwent a second molt 
1 year later; however, subsequent molting cycles occurred at extended 
intervals of 15 months and 18 months, respectively. After successfully 
raising a chick in 2021, P2 failed to molt and produced one infertile egg 
in 2022. Coinciding with this period, P2 experienced progressive feather 
loss, primarily affecting the upper part of the body. Severe alopecia was 
observed on the head and neck, while the upper back, chest and flippers 
exhibited coarse and sparse feathering. Treatment was initiated in 2022, 
approximately 2 years and 5 months following the last documented 
molt. Dermatological examination revealed no evidence of infection. 
Following the established protocol, levothyroxine was administered for 
5 weeks. Molting started during the 2nd week of treatment with 
generalized feather loss and concluded by the 3rd week with the 
emergence of healthy new plumage. Although molting was completed, 
levothyroxine tapering continued through the 5th week of treatment.

2.3 Case 3

Penguin 3 (P3) was a male African penguin. The animal exhibited 
no significant health issues and typically underwent annual molting 
cycles until 2014. By late 2017, slight fluffing and minor feather loss 
were observed in a small area. This occurred 2 months before the 
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catastrophic molt progressed over 20 days. In 2019, P3 exhibited focal 
feather loss in the neck regionAdministering omega-3 and omega-6 
fatty acids supplements (Coatex, VetPlus, Lytham St. Annes, 
Lancashire, England) yielded limited results. Over time, multifocal 
lesions developed around the neck and dorsal areas, although they 
involved only 10% of the body surface.

Levothyroxine treatment was initiated according to the 
abovementioned protocol at 2 years and 10 months after the last 
molt. Some improvement in dorsal part was noted by the end of the 
5-week treatment period, although catastrophic molting did not 
occur. However, 112 days after completing treatment, a catastrophic 
molt was observed that lasted 13 days.

TABLE 2  Case description of five penguins with abnormal molting in the present study. (ND = not detectable).

Parameters Case 1 Case 2 Case 3 Case 4 Case 5

Penguin name P1 P2 P3 P4 P5

Species Humboldt penguin African penguin

Location Aquarium A Aquarium B Aquarium B Aquarium B Aquarium A

Sex Female Female Male Female Female

Age of onset 6 yr 6 yr 15 yr 11 yr 8 yr

Last molt before 

treatment

1 yr. 1 mo 2 yr. 5 mo 2 yr. 10 mo 4 yr. 5 mo 2 yr. 6 mo

Lesions of body 

surface %

60% 40% 10% 70% 50%

Abnormal 

molting Grades

1.1C 1.1C 1.1A 1.1C 1.1C

Before treatment

During molting ND

After treatment
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2.4 Case 4

Penguin 4 (P4) was a female African penguin and the mate 
of P3. P4 laid one to two eggs annually but did not lay any eggs 
from 2016 until 2019. This animal typically underwent molting 
every 2 years, with the last molt occurring in 2015. In 2017, 
some feathers began to fluff, and progressive alopecia was 
observed. Alopecia mostly affected the back and flippers, with 
the dorsal contour feathers shedding, except in the midline, 
leaving only downy feathers. Intermittent nutritional 
supplements with MyBeau Vet Collections Skin & Hair 
(palaMOUNTAINS, Wanganui, New Zealand) and Coatex were 
administered but resulted in limited improvement. Cytological 
examination of uropygial gland impression smears revealed 
abundant yeast organisms, prompting initiation of topical 
ketoconazole shampoo therapy. However, the subject exhibited 
emetic episodes during the second treatment application, 
necessitating immediate discontinuation of the therapeutic 
regimen. Consequently, this treatment approach yielded 
minimal therapeutic benefit.

Treatment with levothyroxine was initiated 4 years and 
5 months after the last molt, and despite a 3-week course of 
treatment, no signs of molting were observed. We decided to 
provide an additional 1 week of treatment at the maximum 
dosage (75 μg/kg), and then started tapering (total of 6 weeks of 
treatment). From the start of the 6th week, at a dosage of 25 μg/
kg, the feathers began to shed. By the end of the treatment, 
significant feather loss occurred in the flippers, and molting was 
completed approximately 1 week later. Thyroid hormone levels 
were assessed, showing temporary increases in total T4 (TT4) 
and free T4 (fT4) levels during treatment, followed by a decrease 
in all measured thyroid hormone levels post-treatment 
(Figure 1A).

2.5 Case 5

Penguin 5 (P5) was a female African penguin without a mate and 
was introduced from Aquarium B to Aquarium A in 2019. After the 
transfer, P5 did not experience normal molting; instead, starting in 
2021, it began to develop a gradual feather-shedding condition that 
progressively affected the back of the head, neck, flipper, and upper 
back, primarily impacting the upper body.

In 2022, levothyroxine treatment was initiated, but no signs of 
molting were observed until the 5th week. Thyroid hormone testing 
during treatment revealed no increase, with levels remaining 
essentially steady. A significant difference from previous cases was that 
the medication was not administered in tablet form per se; rather, 
tablet pieces were encapsulated in 500-mg hard gelatin capsules. This 
was suspected to hinder the digestion and absorption of the drug in 
the penguin’s gastrointestinal tract. Consequently, on the 33rd day of 
treatment, a switch was made to the tablet form. Following this 
change, a hormone level test on the 35th day indicated an increase in 
both TT4 and fT4 (Figure 1B). Given these absorption issues, the 
treatment was extended to induce molting. Observing the response to 
the lowest dosage of 25 μg/kg, molting began on the 45th day of 
treatment and was completed by the 56th day. The treatment was 
continued for a total of 8 weeks until molting was fully achieved.

3 Discussion

In this study, we  devised a protocol for inducing molting in 
penguins by oral levothyroxine treatment. Successful molt induction 
in five aquarium-housed penguins using this novel approach indicated 
that this approach may be an option for inducing molting in banded 
penguins (Spheniscus sp.) with molting abnormalities.

The dense plumage of penguins provides waterproofing and 
insulation, which are crucial for swimming. Inadequate molting can 
lead to difficulties in thermoregulation and may adversely affect 
metabolism (42). One study showed that penguins with molting 
abnormalities have a lower survival rate, and arrested molts can render 
them vulnerable to diseases, such as aspergillosis and avian malaria 
(26–28). Additionally, these penguins are at risk of developing 
pododermatitis due to prolonged stay on land. Ignoring molting issues 
can also negatively impact esthetics, leading to perceptions of poor 
management among zoo and aquarium visitors (30). For these 
reasons, inducing molting is essential for the health of penguins.

The mechanisms underlying molting are complex and not fully 
understood; however, various hormonal factors involved in molting 
are under investigation (31). Previous studies have successfully 
induced molting in Yellow-eyed penguins by feeding them thyroid 
glands (37). Thyroid glands synthesize and secrete two major 
hormones: T4 and triiodothyronine (T3). T4 appears to be  more 
important than T3 for feather growth and molting in birds (16, 43). 
This study aimed to advance the abovementioned approach by using 
a commercial drug, synthetic T4, to induce molting and yielded 
meaningful results across all five cases. However, treatment 
adjustments were necessary for each case, and the timing of molting 
varied slightly (Figure  2): P1, P2, and P3 followed the planned 
protocols, whereas P4 and P5 required extended treatment.

In the case of P3, only minor improvements were noted in dorsal 
feathers after 5 weeks of treatment. A catastrophic molt was observed 
3 months after the end of treatment. While it remains unclear whether 
the treatment directly triggered molting or if it was coincidental, it is 
plausible that the recent medication acted as a trigger after nearly 
3 years without molting. Additionally, the success or failure of 
treatment may correlate with the timing of medical intervention. 
Molting in P1, P2, P4, and P5 were classified as grade C—a severe 
condition—and exhibited favorable treatment responses, whereas P3 
was deemed to be  grade A, with only minor lesions affecting the 
condition of 10% of the feathers. The severity of molting likely 
influences treatment response, indicating the need for 
further investigation.

In case 4, following 3 weeks of treatment, TT4 levels were 
2.12 μg/dl, and fT4 levels were 1.42 ng/dl, which appeared insufficient 
to induce molting. According to published literature, typical T4 levels 
in Humboldt penguins range from 1.0 to 2.5 μg/dl, with a tendency 
to surge to 3.0–4.0 μg/dl during the molting period (16). Although 
these values are not species-specific for African penguins, it seems 
that a threshold hormone concentration must be reached to induce 
molting in penguins. Consequently, while continuous blood 
monitoring was not performed, the extended treatment duration 
likely enabled TT4 and fT4 levels in P4 to reach potentially sufficient 
concentrations, ultimately resulting in successful molting induction. 
In this investigation, we  prioritized minimizing animal stress by 
employing minimal physical restraint procedures. Therefore, 
we implemented a protocol whereby one representative penguin from 
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each facility underwent blood sampling at three time points: 
treatment initiation, mid-treatment, and treatment completion, 
exclusively for thyroid hormone level assessment. Further research is 
warranted, particularly regarding periodic blood tests, to ascertain 
threshold levels of TT4 and fT4 necessary for molt induction and to 
monitor overall health status. Future studies should document 
thyroid hormone levels in African penguins with normal molting 
patterns to establish reference values for treatment. Moreover, 
comparing hormone levels in penguins housed exclusively indoors 
with those kept outdoors under natural UVB exposure and light 
cycles may provide further insight into environmental factors 
influencing molting physiology.

Levothyroxine undergoes disintegration and dissolution processes 
in the gastric environment, which are necessary for its absorption in 
the small intestine (44). In the case of P5, the lack of molting by the 5th 
week and the absence of increased thyroid hormone levels may have 
been significantly influenced by the method of drug administration. 
Unlike other cases where medication was administered in tablet form, 
treatment of P5 involved encapsulating tablet fragments within hard 
gelatin capsules to achieve precise weight-based dosing, thus requiring 
a two-step disintegration process. Hard capsules are made from 
animal gelatin derived from the skin or bones of cattle and pigs, and 
their dissolution is influenced by gastric acidity (45). One previous 
study showed that the dissolution rate of hard gelatin capsules occurs 
more slowly at pH 2–3 than at pH 1.2 (46). The average gastric pH in 

African penguins is approximately 2.75, while that of Magellanic 
(Spheniscus magellanicus) and Gentoo (Pygoscelis papua) penguins is 
2.5 and 2.3, respectively (47, 48). This indicates that hard gelatin 
capsules may require additional time to dissolve. Moreover, 
gastrointestinal absorption is closely related to transit time (49). 
Although many variables must be considered, food transit in birds is 
generally faster than that in mammals and other vertebrates (50, 51). 
Furthermore, levothyroxine is recommended to be  administered 
directly, without food, as food can hinder absorption (52, 53). 
However, administering the medication solely in pill form in penguins 
is impractical, necessitating its combination with fish, although this 
may have further reduced absorption rates. Given the relatively high 
gastric pH, short transit times, and requirement to administer 
medication with food, it is crucial to minimize factors that could 
interfere with drug absorption. In P5, an increase in thyroid hormone 
levels was observed after omitting the hard gelatin capsules and 
administering tablets directly via fish feeding from the 33rd day 
of treatment.

From 2019 to 2024, five of the 13 penguins (4 females, 1 male) at 
Aquarium A and four of the 17 penguins (2 females, 2 males) at 
Aquarium B exhibited molting problems. This equated to prevalence 
rates of 41.7 and 23.5%, respectively, which were higher than the 
previously reported rate of 18.3%, suggesting a potential correlation 
of aberrant molting with indoor enclosure conditions. Improving 
modifiable environmental factors, such as photoperiod regulation, 

FIGURE 1

(A) Thyroid hormone levels of Penguin 4. ▲: free thyroxine (fT4), ●: total thyroxine (TT4). (B) Thyroid hormone levels of Penguin 5. On day 33, the 
method was changed to administering levothyroxine tablets directly via fish, without first including the tablet pieces in hard gelatin capsules (arrow).
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UV light exposure, and offering diverse diets, could prove 
beneficial (8).

Furthermore, the higher incidence of issues among females (66.7%) 
in this study is noteworthy, as previous studies indicated a slightly 
higher incidence among males (30). Based on observations of female 
penguins in this study, we  found a potential correlation between 
cessation of egg-laying and abnormal molting patterns. Notably, in case 
4, P4 exhibited an absence of egg-laying prior to the onset of the molting 
abnormality. Previous research has demonstrated that thyroidectomy in 
egg-laying turkeys resulted in suspended egg production, which was 
subsequently restored through T4 supplementation, indicating the 
essential role of thyroid hormones in egg production (22). These 
findings suggest that disrupted egg-laying patterns may serve as early 
indicators of impending molt abnormalities, underscoring the 
importance of future research investigating the relationship between 
egg-laying frequency and thyroid hormone levels in penguins who 
display irregular molting behavior.

To date, only one of the treated penguins described in this report 
has demonstrated recovery of normal annual molting patterns. This 
animal, P2, initiated egg-laying approximately 4 months post-
treatment and underwent molting in the subsequent year. The duration 
of molting was 12 days. Since then, P2 has maintained its molting and 

egg-laying patterns every year. Except for P2, the other penguins 
exhibited recurrent molting abnormalities. P1 initially regained its 
annual egg-laying behavior and normal molting pattern after pairing 
with a new mate. However, in 2024, this individual again experienced 
abnormal feather loss beginning in March, followed by a prolonged 
molting period that extended until August. P3 has not undergone 
molting for approximately 3 years and 7 months since its last forced 
molt. P4 showed a sharp rise in estradiol levels in the blood immediately 
after the forced molt and started laying eggs immediately. However, P4 
molted again approximately 2 years after the forced molt ended. P5 has 
not molted for two and a half years, but has again demonstrated 
gradual feather loss starting from the back in 2024. Forced molting is 
not a fundamental solution for molting abnormalities. Although 
levothyroxine is generally considered safe, repeated treatments may 
result in adverse effects associated with hyperthyroidism, including 
elevated heart rate, increased body temperature, excitable hyperkinetic 
behavior, and panting (54). For indoor-bred penguins, optimization of 
environmental factors is critical prior to initiating pharmacological 
intervention. Recently, aquaria A and B have implemented photoperiod 
adjustments to align with seasonal variations in Korea.

In conclusion, our study suggests that when molting disorders in 
penguins persist despite environmental optimization, medical 

FIGURE 2

Levothyroxine treatment for inducing molt in banded penguins. (A) Planned treatment protocol. The drug concentration is increased from 25 to 50 μg/
kg and then to 75 μg/kg weekly. Subsequently, the drug concentration is decreased to 50 μg/kg and then to 25 μg/kg weekly. Levothyroxine is 
administered to penguins through fish containing the medicine. (B) Actual levothyroxine dosing schedule used in Penguin 1 (P1) to Penguin 5 (P5). 
Individual molting periods are noted in parentheses.
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intervention with levothyroxine therapy is recommended. The dosage 
protocol is 25 μg/kg PO q24h for 7 d, 50 μg/kg PO q24h for 7 d, 75 μg/
kg PO q24h for 7 d, 50 μg/kg PO q24h for 7 d, and 25 μg/kg PO q24h 
for 7 d. These findings have significant implications for the future 
management and conservation of penguin populations.
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