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I. PREFACE

L s =

Tha rnracant wark dasgle writh tha alvenot u.usuu.cu s

+0€ Present work Goass with the aimost
rarely discussed protozoans, the Xenophyophoria.
These protozoans are remarkable for several rea-
sons, the most conspicuous of these being their size;
they are by far the largest Protozoa known.

Several reasons can be mentioned as to why this.
animal group, consisting of large species with a well
defined and peculiar organization, has not been
more thoroughly investigated.

1. Scarcity of material: Judging from the records
known at present, the group is mainly bathyal-abys-
sal, and one of the most serious problems with deep-
sea animals is nearly always the lack of material.
2. Doubt about their real nature: Since the first
record in literature, the problem of the xenophyo-
phores’ real nature and true affinities has been a
puzzle. Some of the species have been described as
sponges and others have been described as forami-
niferans. The misuse of family and genus names from
these groups has led to much confusion with the
result being that species belonging to different phyla
have been brought together in the same genus,

3. Outer resemblance to other animal groups: From
their external appearance many of the species can
be mistaken for badly preserved sponges, coslente-
rates, bryozoans, or ascidians. They have also often
been put aside as “mere inorganic concrements”
(HAECKEL 1889, p. 41) of foraminiferan or radio-
larian tests, sponge spicules, etc. Generally such
material will be carefully investigated only if it is
scarce as in the case with deep-sea material. If found

aier where large quantities of material
are usually available, such “badly preserved spe-
cimens” are usually disregarded. Perhaps this is the
reason for the few (three!) records from coral reefs
and other shallow-water localities.

4. Fragility of the species: Some of the species are
so fragile that the specimens are totally destroyed
when washed in a sieve. Many specimens are dam-
aged during collecting, and even when not washed,
such fragments. are easily overlooked or recorded as
broken, dead sponges.

The rather large and well-preserved collection of
xenophyophores from the Danish Galathea Expedi-
tion, containing new species (and genera) and new
material of poorly known species, forms the basis
for the present work. As far as possible specimens
from other expeditions have been studied (see Sta-
tion list), and those from the Challenger Expedition
were examined during a visit to the British Museum
of Natural History. Descriptions of the xenophyo-
phores in literature are usually quite detailed. How-
ever, I found it necessary to borrow the specimens
instead of relying on literature, because frequently
the terms used in the descriptions were those used
for other animal groups. Some of the characteristics
that I have used to describe the xenophyophores
have been utilized by earlier authors, while others
have not appeared in previous literature.

The study is, as must be the case with a deep-
sea collection, essentially taxonomical and morpho-
logical-cytological; however, whenever possible,




non-morphological aspects such as ecology and
general biology have been treated.

A large number of people and institutions in
many parts of the world have assisted me and have
been greatly accommeodating in regard to this study.
In this way and through the possession of the rich
material in the “Galathea” collection, it has been
possible to gather a referemce collection of xeno-
phyophores in the Zoological Museum of the Uni-
versity of Copenhagen that includes representatives
of most of the species, and contains specimens from
a considerable number of the known samples.
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II. INTRODUCTION

HISTORICAL REVIEW
1. Expeditions and authors

Our present knowledge of the xenophyophores
mainly comes from the reports of a series of the
well-known oceanographic deep-sea expeditions
(Table 1).

The first xenophyophore was described by BRADY
(1883) as a primitive foraminiferan; it was taken
by the British Triton Expedition in the North At-
fantic in 1882.

Very great numbers of xenophyophores were
collected by the Challenger Expedition as early
as in 1873, but they were classified on deck by
MURRAY as sponges (HAECKEL 1889, p. 2; 1895,
p- 35). During the final sorting of the material in
England, doubt arose as to the real nature of these
strange organisms since several well-known authori-
ties among sponge specialists refuted the earlier
classification as sponges, and protozoologists refused
to recognize them as rhizopodes. Because of this
controversy HAECKEL was asked to make a special
contribution on the group in the “Challenger Re-
port”. HAECKEL’s report appeared in 1889, and after

“a very careful study” (1895, p. 35), he classified
the enigmatic animals as a group of deep-sea
sponges.

In 1892 Goks described some large, flake-formed
organisms taken the preceding year in the East
Pacific by the American Albatross Expedition as a
special type of agglutinated foraminiferan.

The German Valdivia Expedition collected the
first xenophyophores from the area off East Africa
in 1899. They were described by ScHULZE together
with material from the American Albatross Expedi-
tion in the East Pacific 1899-1900. At this time
ScHULZE also had most of the “Challenger” collec-
tion at his disposal. In his monograph of the group
ScnuLze classified the animals as gigantic rhizo-
podes and named them Xenophyophora. The work
was published in 1907, but it was handed to the
editor in 1905. SCHULZE always refers to this mono-
graph as “my 1905-work™.

In 1906 ScHULZE treated the xenophyophores col-
lected by the Dutch Siboga Expedition to Indonesia
1899-1900, and in 1907 a description of the xeno-
phyophores taken in the East Pacific by the Ameri-
can Albatross Expedition 1904-1905 was printed.




Table 1. Expeditions during which xenophyophores were dredged (in chronological order),
number of dredgings containing xenophyophores, and the authors who described them.

| No. of dredgings with

Expeditions " xenophyophores Anthor

“Challenger” 1872-1876 13 HaeckeL 1889
“Triton” 1882 1 BraADY 1883
“Albatross” 1891 3 Goks 1892
“Valdivia” 1898-1899 2 Scrurze 1907a
“Albatross” 1899-1900 1 ScHULZE 1907a
“Siboga” 1899-1900 4 ScuuLzE 1906
“Scotia” 1903-1904 1 PeARCY 1914
“Albatross’™ 1904-1905 10 ScruLzE 1907b
SCHEPOTIEFF 1908 2 SCHEPOTIEFF 1912b
“Goldseeker” 1910 1 TeENDAL (this paper)
“John Murray” 1933-1934 1 TENDAL (this paper)
“Galathea” 1951-1952 11 TENDAL (this paper)
“Vitiaz” 1954, 1955 16 TENDAL (this paper) and TENDAL (in press)

1957, 1958 ”

1959, 1966 >

1969 ”
“Vema” 1958 5 TENDAL (this paper)
“Magdalena Bay” 1964 1 TENDAL (this paper)
“Taranui” 1965, 1968 6 LEwis 1966 (parts)

TenDAL (this paper) and TENDAL (in press)

The Russian zoologist SCHEPOTIEFF collected xeno-
phyophores on coral reefs in Ceylon and India in
1908, and in 1912 he published the first description
of xenophyophores from shallow, warm water.

A single species belonging to the xenophyophores
was collected in the Antarctic by the Scottish Scotia
Expedition, and it was described by PEARCY in 1914
as a primitive, agglutinated foraminiferan.

A single species from New Zealand waters was
described as a foraminiferan by LEwis in 1966.

Xenophyophores have also been collected by the
following expeditions: The British Goldseeker Ex-
pedition in the North Atlantic (1910), the British
John Murray Expedition in the Indian Ocean (1934),
the Danish Galathea Expedition (1951-1952), the
Russian Vitiaz Expeditions in the West, North, and
East Pacific (1954, 1955, 1957, 1958, 1959, 1966,
1969), the American Vema Expedition in the East
Pacific (1958), the American Magdalena Bay Expe-
dition in the East Pacific (1964), and the New Zea-
land Taranui Expeditions in the waters around New
Zealand (1965, 1968). However, these samples have
not been treated previously in the literature.

2. The concept of the nature of the xenophyophores

The first collection large enough to give a general
impression of the group was that of the “Chal-
lenger”, and it was treated by HAECKEL (1889).
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HAECKEL’s conclusion (1889, p. 1) was that the ani-
mals were sponges belonging to the Keratosa. These
animals were “for the most part modified in a pe-
culiar manner by the symbiosis with a commensal
organism which is very probably in most cases (if
not in all) a Hydropolyp stock.” HAECKEL found
(I c., p. 5) that the state of preservation of all the
specimens was very poor as a result of “the sudden
change of conditions” during the dredging. He fur-
ther stated (p. 6): “No trace could be found any-
where of the outer covering pavement-epithelium
of the exoderm. The peculiar flagellated epithelium
of the entoderm was not distinctly recognizable in
most of the specimens, and not fitted for finer exam-
ination; in several species, however, its presence
could be made out with certainty.”

HaeckeL’s work was strongly criticized by other
zoologists and especially by sponge specialists.

In his survey, WELTNER (1890, p. 228) said that
he doubted the sponge nature of all the genera, and
placed them (L. c., p. 254) under the designation
incertae sedis. '

LeNDENFELD (1891, p. 177) questioned the sponge
nature of one of the families, viz. Ammoconidae
(cf. p. 63), but regarded the members of the other
families as true sponges; one family was even con-
sidered as asynonym of a well-known sponge family.

In a short communication HanirscH (1893a, p.
365) pointed out the similarity between the organism




described as a foraminiferan (Neusina agassizi) by
Gots and one of HAECKEL’s species of “Deep-Sea
Keratosa™ (Stannophyllum zonarium). PEARCY, who
had at his disposal the whole “Challenger” collec-
tion, was of the same opinion as HANITSCH in regard
to the identity of the two species. However, he
denied (1893, p. 390) that the organisms were
sponges and agreed with Gots in placing them among
the foraminiferans. Hanitscu (1893b, p. 439), who
had only one specimen (Stannophyllum zonarium)
at his disposal, preferred to follow HAECKEL; he
stated that “... as long as we are not absolutely
certain about its cellular structure we are justified
in thinking with HAECKEL that general appearance
and the presence of oscula, pores, subdermal cavi-
ties, horny skeleton, etc., are sufficient to charac-
terize the form as a sponge.”

It is undecided whether HAECKEL knew of GOiSs’
description and PBARCY’s objections. He did not
refer to these authors when in 1895 and in 1896 he
wrote about the “Deep-Sea Keratosa”, and his
opinion in regard to the nature of the group had
not changed. In 1896 (pp. 78, 81, 83) he placed them
in his sponge class “Malthosa” and marked them
in his phylogenetic tree of the sponges (p. 79).

DeLAGE & HEROUARD (1899, p. 197) placed the
“Deep-Sea Keratosa” in an appendix to the sponges.
They referred to the doubts expressed by LENDEN-
FELD, PEARCY, and SCHULZE (personal communica-
tion) and were, like these authorities, compelied to
make reservations -concerning HAECKEL’s conclu-
sions.

MiNcHIN (1900, pp. 142, 154) placed the group
in the system of sponges under the designation
Keratosa (? Foraminifera) incertae sedis (Haeckel,
1889).

The placement of the “Deep-Sea Keratosa”
among the sponges was also accepted by LAUBEN-
FELS (1936, p. 32), but he noted that “there is grave
doubt in the minds of many students of the items
in question as to whether or not they are really
sponges at all!” Later (1948, p. 174), he concluded
that “members of the subfamily Psammininae [he
grouped all the “Deep-Sea Keratosa” together in
this subfamily] are not certainly sponges — their
flagellate chambers have never been discovered —
and they are left in the Porifera only provisionally,
partly because of the difficulty of placing them eise-
where. Each is probably an aggregate of organisms
of several very diverse sorts.” Furthermore (p. 180):
“It is here suggested that some of them may have
been primarily Protozoa, others primarily coelente-
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rate and possibly some of them genuinely Porifera,
but all are extremely uncertain, and at the present
time cannot be regarded as finally classified.”

A second, large collection of the group containing
new as well as old representatives was treated by
ScHULZE in his monograph (1907a). He came to the
conclusion that the “Deep-Sea Keratosa” consti-
tuted an independant group of gigantic Rhizopoda
at the order level.

LisTer (1909, p. 286) provisionally placed the
xenophyophores as a family within the foramini-
ferans. His reasons were as follows (p. 285): “In the
absence of any information concerning the early
stages of development, or of the character of the
pseudopodia in the members of this family, it is
difficult to assign to them their proper systematic
position”. Furthermore: “In the absence of a cal-
careous skeleton the family differs from all the higher
and more differentiated families of Foraminifera,
but nevertheless the affinities of the family are grea-
ter with this class than with any other Protozoa.”

After a survey of the organization of the group,
MiINCHIN (1912, p. 238) concluded: “The affinities
of the Xenophyophora are seen to be with the For-
aminifera.”

On the basis of his investigations on xenophyo-
phores from shallow water, SCHEPOTIEFF (1912D,
p. 266) concluded “..., dass die Xenophyophoren
nur mit den Myxomyceten zu vergleichen sind.”
He placed the group in a system including the more
or less well-known groups of rhizopod-like organ-
isms most of which can be designated “Rhizopodes
douteux ou Champignons inférieurs” (GRrassg 1953,
p- 492). In another work (1912c¢, p. 232) he stated:
“In den Xenophyophoren, Myxomyceten, Clamy-
domyxa und Urnatella haben wir wahrscheinlich
eine besondere Gruppe von vervandten Organismen,
die sich den Rhizopoden anschliessen.”

SCHEPOTIEFF’s view was opposed by SCHULZE
(1912, p. 41) and PocHe (1913, p. 203), who both
regarded the xenophyophores as having a special
organization. at the order level within the “true”
rhizopodes. :

RyumsLER placed the group among the rhizo-
podes but said (1923, p. 105) that “F. E. Schulze
... begriindete ... in eingehender Bearbeitung die
Ansicht, dass es sich wahrscheinlich um Rhizopoden
handele, die in die Nihe der Foraminiferen als
selbststidndige Gruppe zu stellen seien. Bei dem Aus-
stehen der Beobachtung lebenden Materials ist diese
Auffassung noch heutetags hypotetisch, wenn auch
durchaus warscheinlich.”




DorLEIN & REICHENOW (1952, p. 746) arranged
the xenophyophores as an addition to the foramini-
ferans and said: “Die Deutung dieser Organismen,
welche frither zu den Spongien gerechmet wurden,
als den Foraminiferen verwandte Rhizopoden, ist
durchaus hypotetisch, da noch keine lebenden
Exemplare untersucht worden sind.”

Hapz1 (1963, p. 355) made the following proposal
to solve the zoological problem quite effectively:
“Zoologists should rather agree to exclude these
forms from the animal world and thus to leave
them to be studied by botanists or by protistolo-
gists who specialize in them.”

METHODS

The methods used for a general investigation of
the specimens are the same as those used for smal-
ler Metazoa. Measuring, dissecting, and cutting
pieces for cytological work was done under the
microscope while the specimens were immersed in
alcohol. '

The pieces for the cytological investigations were
embedded in paraffine (tissue-mat) and cut with a
steel knife. Ideally 5 w, 10 u, and 20 p thick sec-
tions were to be cut, and in many cases there were
no difficulties in obtaining good sections. In other
cases, however, the many xenophyae (foreign bodies)
led to displacement; nevertheless, it was usually
possible to get a few good sections from these spec-
imens. In species with very numerous or very thick
xenophyae, the only way to get any information
was by the help of squash-preparations. In some
cases calcareous xenophyae were dissolved with
dituted HCI or acetic acid before cuiting.

Staining of all species was performed with hema-
toxylin-eosin (in some cases orange G was used
together with eosin). In most species slides were also
stained with Heidenhain’s azocarmine-anilin blue
stain (Azan), Mallory Heidenhain stain (Jane E.
Cason), and periodic acid Schiff (PAS). Other stains
were used for special purposes, and are referred to
in the proper places in the general part.

Short diagnoses are made for each taxonomic
category. I have tried to avoid the repetition in
lower levels of those characters utilized in the diag-
noses of higher categories, but this has not been
entirely possible. New diagnoses for nearly all the
species have been necessary since most of them
originally were described as belonging to other
animal groups (sponges, foraminiferans, etc.) by the
terms appropriate for these groups.
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The descriptions of the material may in some
cases seem rather extensive, but this has been will-
fully done for taxonomic reasons, since knowledge
of the xenophyophores can be expected to be greatly
enlarged on in the future. The finer differences noted
can perhaps prove to be of value as a good demarca-
tion of the species and for a satisfactory systematic
division of the group.

The list of synonyms and authors under the head-
ing of cach species is thought to be complete. Only
authors who actually had material at hand are re-
ferred to, and if authors who had not seen the ma-
terial are cited in connection with a synonym, this
will be clearly indicated.

MATERIAL

The greater part of the material is preserved in
alcohol and a smaller number of specimens are
dried (parts of the “Challenger” and “Galathea”
collections and all the specimens taken by the “Tri-
ton”, the “Goldseeker”, and the “Albatross” in
1891). The preservation is rather good in many of
the samples, especially when the circumstances dur-
ing dredging in the deep-sea are taken into conside-
ration. In general there is some shrinking of the
plasma, and the more fragile specimens are usually
more or less damaged.

The most important fact in connection with the
quality of the preservation seems to be the length
of time passed before fixation after the animals are
brought on deck. No doubt they are killed by the
high temperatures in the surface layers of the sea,
and the plasmatic parts decay rapidly.

The location of the investigated material is men-
tioned on the following pages.

LIST OF STATIONS AND KNOWN
SAMPLES OF XENOPHYOPHORIA

The following survey of the expeditions during
which xenophyophores were dredged is arranged
chronologically. The information is intended to in-
clude the following: name and year(s) of the expedi-
tion; investigated area; references to station list and
hydrography; any earlier publications based on the
material concerned; present location of the mate-
rial; and a list of the stations with position, depths,
date, bottom type, bottom temperature, and re-
corded species. Material marked * has been at my
disposal during this investigation.












































































































































































































































































