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Patterns of Genetic Polymorphism in Five Species of Penguins
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Conservation programs benefit from increased
knowledge of the basic biology and systematics of
endangered species (Haig et al. 1990). This study fo-
cuses on relationships in the genus Spheniscus, which
includes: Jackass Penguin (S. demersus), Galapagos
Penguin (S. mendiculus), Humboldt Penguin (S. hum-
boldti), and Magellanic Penguin (S. magellanicus). The
first three taxa are considered threatened or endan-
gered (U.S. Fish and Wildlife Service 1990, 1993).
However, Jackass, Humboldt, and Magellanic pen-

guins are quite abundant in captivity, making this
group well-suited for genetic and behavioral studies.

In addition to facilitating penguin research, captiv-
ity has led to mixed-species exhibits and interbreed-
ing between Spheniscus species. Fertile hybrids be-
tween Jackass and Humboldt penguins and between
Humboldt and Magellanic penguins have been re-
ported in captivity (Conway 1965, Araya 1983). This
raises questions concerning the species status of mem-
bers of this group. The Galapagos and Jackass pen-
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guins are geographically isolated from other mem-
bers of the genus. However, the Humboldt and Mag-
ellanic penguins’ ranges overlap by about 10° of lat-
itude. For these latter taxa it is generally believed that
different breeding periods and breeding grounds pre-
vent hybridization in the wild. In fact, there are no
confirmed cases of natural hybrids, although sus-
pected instances have been reported in the literature
(Murphy 1936, Araya 1983).

The ability of Spheniscus penguins to interbreed in
captivity and occasional reports of birds with Jackass
Penguin markings in Magellanic Penguin colonies in
South Americaled Clancey (1966) to suggest that Jack-
ass Penguins be considered a subspecies of the Mag-
ellanic Penguin. Sibley and Monroe (1990) recom-
mended that S. demersus be viewed as a superspecies
containing demersus, humboldti, and magellanicus.
O’Hare (1989) used 22 morphological characters to
differentiate Spheniscus from other penguin genera.
However, he was unable to determine the phyloge-
netic relationships among species of the genus. Also,
the fossil record for Spheniscus is not sufficiently de-
tailed to distinguish species-level differences (Simp-
son 1976).

Molecular and biochemical approaches may pro-
vide valuable information concerning phylogenetic
relationships among closely related species (Avise
1974, Buth 1984). These techniques are advantageous
because they are less likely than many morphological
characters to be influenced by natural selection (Hillis
1987). Even though allozymes are not necessarily neu-
tral, they may be subject to different selective forces
than morphological markers and provide additional
information concerning phylogenies. In our study,
protein polymorphism was determined for three
Spheniscus species (Jackass, Humboldt, and Magellanic
penguins) and two outgroups (Rockhopper Penguin,
Eudyptes chrysocome; King Penguin, Aptenodytes pa-
tagonicus). Galapagos Penguins were not included be-
cause no animals occur in captivity and it was not
possible to sample blood from naturally occurring
populations of this endangered species. The out-
groups provide a means of estimating ancestral char-
acter states of the Spheniscus species (Matson 1984).
Rockhopper Penguins were chosen as an outgroup
because they occur in the same geographic area as the
Spheniscus penguins and belong to one of two genera
thought to be the most closely related to Spheniscus
(Zusi 1975, Jouventin 1982). The King Penguin serves
as a more distantly related outgroup.

Methods.—Blood samples were obtained from 57
captive and 50 wild Humboldt Penguins, 33 captive
Jackass Penguins, 16 wild Magellanic Penguins, 8 cap-
tive Rockhopper Penguins, and 1 captive King Pen-
guin. The Humboldt Penguin blood samples were
obtained from the Brookfield Zoo (5), the Milwaukee
County Zoo (21), Hubbs Sea World (7), the St. Louis
Zoo (10), the Washington Park Zoo (10), the Wood-
land Park Zoo (4) and two populations in Chile (Al-
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TaBLE1l. Allele frequencies at nine polymorphic loci
for (1) Humboldt, (2) Washington Park Humboldlt,
(3) Jackass, (4) Magellanic, (5) Rockhopper, and (6)
King penguins. Sample size (n) indicated in first
row for each locus.

Species
Allele 1 2 3 4 5 6
Est-1
) 97 10 33 16 8 1
a 0.000 0.000 0.000 0.000 0.000 1.000
b 1.000 1.000 1.000 1.000 0.000 0.000
c 0.000 0.000 0.000 0.000 1.000 0.000
Got-1
97 10 33 16 8 1
a 0.000 0.000 0.076 0.063 0.000 0.000
1.000 1.000 0.924 0.906 1.000 1.000
c 0.000 0.000 0.000 0.031 0.000 0.000
Ldh-1
97 10 33 16 8 1
a 0.000 0.000 0.000 0.000 1.000 0.000
b 0.000 0.000 0.000 0.000 0.000 1.000
c 1.000 1.000 1.000 1.000 0.000 0.000
Ldh-2
97 10 33 16 8 1
a 0.000 0.000 0.000 0.000 1.000 0.000
b 0.000 0.000 0.000 0.000 0.000 1.000
c 1.000 1.000 1.000 1.000 0.000 0.000
Mdh-1
97 10 33 16 8 1
a 0.005 0.000 0.030 0.000 0.000 1.000
b 0.995 1.000 0.970 1.000 1.000 0.000
Mdh-2
97 10 33 16 8 1
a 0.000 0.000 0.000 0.000 0.000 1.000
b 1.000 1.000 1.000 1.000 1.000 0.000
Pab-1
97 10 33 16 8 1
a 0.000 0.000 0.000 0.000 0.000 1.000
b 1.000 0.000 0.000 0.000 0.000 0.000
c 0.000 0.000 1.000 1.000 0.000 0.000
d 0.000 1.000 0.000 0.000 1.000 0.000
Pgi-1
97 10 33 16 8 1
a 1.000 1.000 0.742 1.000 1.000 1.000
b 0.000 0.000 0.258 0.000 0.000 0.000
Sod-1
97 10 33 16 8 1
a 0.000 0.000 0.000 0.000 1.000 0.000
b 0.000 0.000 0.000 0.000 0.000 1.000
c 0.000 0.000 1.000 1.000 0.000 0.000
d 1.000 1.000 0.000 0.000 0.000 0.000
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TaBLE2. Nei(1978)unbiased genetic distance for five penguin species, with Washington Park (WP) Humboldt

Penguin specimens treated separately.

Penguin species 1 2 3 4 5

1 Humboldt

2 WP Humboldt 0.057

3 Jackass 0.124 0.124

4 Magellanic 0.119 0.119 0.003

5 Rockhopper 0.326 0.251 0.337 0.328

6 King 0.492 0.492 0.504 0.496 0.492

garrobo [30] and Cachagua [20]). The Jackass Penguin
blood samples were obtained from the Baltimore Zoo
(14), the Denver Zoo (12), and the New York Aquar-
ium (7). The Magellanic Penguin blood samples were
obtained from wild birds being rehabilitated at the
Sao Paulo Zoo, Brazil (16). The Rockhopper Penguin
blood samples were obtained from the Milwaukee
County Zoo (3) and the St. Louis Zoo (5). The King
Penguin blood sample was obtained from the Mil-
waukee County Zoo (1). The samples were analyzed
for unique population and species variants using
starch-gel electrophoresis (methods described in Lacy
1982). The following enzyme systems were surveyed:
Ldh, Mdh, and Got resolved on potassium phosphate
buffer (pH 6.7) of Selander et al. (1971); Pgi, 6-Pgd,
and Adk resolved on tris citrate buffer (pH 6.3) of
Selander et al. (1971); Pgm and Sod resolved on lith-
ium borate tris buffer (pH 8.1) of Ridgeway et al.
(1970); Acp resolved on morpholine citrate buffer (pH
6.1) of Clayton and Tretiak (1972); and Est and three
non-enzyme protein loci (Pab, Hbo, and Alb) resolved
on sodium borate buffer (pH 8.2) of Poulik (1957). To
minimize error in scoring of variants, each gel con-
tained representatives from several populations of each
species.

Phenetic analyses were conducted using the
BIOSYS-1 computer package (Swofford and Selander
1989). Nei (1972, 1978), Rogers (1972), modified Rog-
ers (Wright 1978), and Cavalli-Sforza and Edwards
(1967) genetic distances were calculated from the ge-
notype frequencies. These were used to construct
UPGMA and distance-Wagner trees. Parsimony anal-
yses were carried out using the PAUP 3.0s computer
package (Swofford 1991). Data were analyzed in two
ways. First, each locus was considered to be a char-
acter and the alleles were character states. Second,
each allele was treated as a character and the states
were presence or absence.

Results.—Blood proteins coded by 18 loci were con-
sistently scorable in all five species. Nine loci (Ldh-
3, Pgm-1, Pgm-2, Acp, Hbo, Alb, Pgd, Adk-1, Adk-2)
were monomorphic across all taxa examined. The oth-
er nine loci were polymorphic, with most differences
being fixed between species (Table 1). Intraspecific
polymorphism was low in all Spheniscus species. Hum-
boldt and Magellanic penguins had 5.6% polymor-
phic loci, and Jackass Penguins had 16.7% polymor-

phic loci. The only population-level variation found
was in one captive group of Humboldt Penguins. The
Washington Park birds had a fixed difference, which
distinguished them from the other Humboldt Pen-
guins; we treated the Washington Park Humboldt
Penguins separately. Table 2 shows Nei’s (1978) un-
biased genetic distances between pairs of taxa.

In the phenetic analysis, all UPGMA trees had the
same topology. The Spheniscus formed a single group
with the Magellanic and Jackass penguins being most
closely associated. Figure 1A shows the tree obtained
using the modified Rogers distance (Wright 1978)
which had the best fit (cophenetic correlation = 0.997).
The distance-Wagner trees had topologies similar to
each other and similar to the UPGMA trees. The root-
ed distance-Wagner tree using the Cavalli-Sforza and
Edwards (1967) chord distance shown in Figure 1B
was one of the best-fitting trees (cophenetic correla-
tion = 0.998).

Cladistic analysis using loci as characters and allele
variants as character states yielded 21 most-parsi-
monious trees. After 100 bootstrap replications with
a heuristic search, the 50% majority-rule consensus
tree resolved only the Jackass and Magellanic pen-
guins as a separate group. Examination of each of the
most-parsimonious trees indicated that King Pen-
guins never clustered with another penguin species,
while Jackass and Magellanic penguins clustered to-
gether in over 80% of the trees. The positions of Rock-
hopper and Humboldt penguins varied considerably
among the trees, with no consistent pattern.

The analysis using alleles as characters and their
presence or absence as character states produced a
single most-parsimonious tree with a length of 27.
The heuristic search with 100 bootstrap replications
produced the 50% majority-rule consensus tree shown
in Figure 1C. This tree matches those generated using
the phenetic methods and strongly suggests that
Spheniscus penguins are a monophyletic group, and
that Jackass and Magellanic penguins are sister taxa.

Discussion.—The electrophoretic data generally agree
with other findings concerning the systematics of
Spheniscus penguins. For example, these results sup-
port earlier morphological studies which indicate that
the Spheniscus penguins form a monophyletic group
(O’Hare 1989). Data on protein polymorphism also
support several other studies suggesting that Eudyptes
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Fig. 1. (A) UPGMA tree derived from modified
Rogers distance (Wright 1978); (B) Wagner tree based
on Cavalli-Sforza & Edwards (1967) chord distance;
and (C) majority-rule consensus tree based on binary
coding of presence or absence of 18 alleles for five
species (with Humboldt Penguins divided into two
groups). Wagner tree optimized and rooted using out-
group method. Majority-rule consensus tree numbers
along branches indicate percentage of times clade was
distinguished in 100 bootstrapped trees.

is more closely related than Aptenodytes to the Sphen-
iscus penguins (Jouventin 1982, Schreiweis 1982, Sib-
ley and Ahlquist 1972, Taylor 1965, Zusi 1975).

The occurrence of a fixed difference within the
Humboldt Penguins was surprising, especially since
such low levels of polymorphism were found. Birds
often have reduced polymorphism (Barrowclough and
Corbin 1978), but the level (5.6%) for Humboldt and
Magellanic penguins is only one-third the level nor-
mally found. A possible explanation for the fixed dif-
ference in the Washington Park Zoo population is
that they are derived from wild-caught founders from
Peru, whereas most of the other captive and wild
population samples are thought to come from Chile.
It would be useful to sample extensively over the
Humboldt Penguin’s entire natural range to deter-
mine what patterns exist in allele frequencies.

The most unexpected result was the small genetic
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distance (Nei D = 0.002) between the Magellanic and
Jackass penguins, reflecting the absence of fixed dif-
ferences between these two taxa. In fact, the distance
is less than that between the two groups of Humboldt
Penguins. It also is lower than the normal range of
within-species variation in birds (Barrowclough 1980).
Genetic distances between Humboldt Penguins and
the other two Spheniscus penguins (0.119 and 0.124)
are within the range of congeneric species. Genetic
distances between outgroup taxa and the Spheniscus
penguins fall in the confamilial range (Barrowclough
1980) as expected.

Because the sample size of 18 loci is relatively small,
no conclusive statement can be made concerning the
relationship between Magellanic and Jackass pen-
guins. However, the possibility of gene flow between
these taxa merits further investigation. Occurrences
of birds with a Magellanic Penguin morphology in
African Jackass Penguin colonies have been well doc-
umented from the 1960s to the present (Boswell and
Maclver 1975, R. Wilson pers. comm.). In addition to
the presence of morphological variation, the patterns
of ocean currents and the life history of Magellanic
Penguins may allow for the exchange of genetic ma-
terial between Jackass Penguins in Africa and Mag-
ellanic Penguins in South America. The currents be-
tween Africa and South America are circular (Stom-
mel 1957), allowing potential movement in both di-
rections. Magellanic Penguins differ from all the other
Spheniscus in having a single breeding season and
spending over six months of the year at sea (Boersma
et al. 1990). More research on the genetic relationship
between the Jackass and Magellanic penguins and the
behavior of the latter when at sea is warranted.
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