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ABSTRACT

Komokiacea n. superfam. (Textulariina, Foramini-
ferida, Protozoa) comprises agglutinating foramini-
fers with test consisting of a complex system of fine,
branching tubules of even diameter. The test wall is
simple, with argillaceous particles. Stercomata accu-
mulate within the tubules.

Eleven new species in the genera Komokia n. gen.,
Septuma n. gen., Ipoa n. gen., Normanina Cushman,

1928, Lana n. gen., Baculella n. gen., and Edgertonian.
gen. are described. Two families, Komokiidae and
Baculellidae, are erected.

The group has worldwide distribution, mainly in
the abyssal zone. The greatest relative abundances
have been found in abyssal oligotrophic areas and in
hadal trenches.
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I. INTRODUCTION

In the more than 100 years since deep-sea investiga-
tion began in earnest on the “Porcupine” and the
«Lightning”, the expeditions sent out from many
nations have collected enormous quantities of ma-
terial from the deep-sea floor. These investigations
have employed a wide variety of gear, including
cameras, dredges, trawls, grabs, corers, and sub-
mersibles. Many specialists covering a span of sev-
eral generations have been involved in the working
up and the publication of the resuits in hundreds of
books, reports and papers.
- The basic composition of the deep-sea fauna was
revealed fairly early in this history. There are vir-
tually no important groups that cannot be found in
the “Challenger” collections. However, some major
taxa have turned up from time to time in recent
years. Notable were the discoveries of the Pogono-
phora (Johansson 1937, Ivanov 1963, Ngrrevang
1970) and the monoplacophoran Neopilina (Lemche
1957, Lemche & Wingstrand 1959). Nevertheless,
while these are major taxa, they are rarely or never
dominant components in deep-sea communities.
Thus, it would seem safe to maintain that it is highly
unlikely that any important macrofaunal taxon is
unrecognized in the literature,

Strangely enough, this prediction is wrong. There
exists in the deep sea an essentially undescribed
macrofaunal taxon that can be found in virtually
every sample where one looks for it. Furthermore,
in samples from the oligotrophic abyss, the bulk of
this taxon exceeds by far that of all the metazoans put
together. Not only is this group abundant, but it is
diverse. Single stations contain a wide variety of spe-
cies whose morphologies differ in ways that are often
gross, reflecting several higher taxa. Many of these
taxa are cosmopolitan in distribution.

The animals in question are smail (only a few milli-
meters across) clusters of minute branching tubules.
They are fragile and often obscure because of the
sediment which covers their surfaces. We know
from experience that they are often ignored or dis-

carded from general collections during the sorting

procedure because they look like lint, nondescript
organic detritus, poorly-washed balls of sediment, or
minor fragments from the surface of some undefined
larger organism. In cases where they might be rec-
ognized as benthic organisms, they could reasonably
only have been considered sponges or foraminifers.
However, sponge specialists reject them as lacking
any of the features of that phylum, and they are so

unlike the morphologies classically regarded as be-
longing to the Foraminifera that specialists of that
group are loath to accept them. Hessler (1974) and
Hessler & Jumars (1974) have suggested that they
may belong to the Xenophyophoria, but Tendal
rejects this possibility. Thus, for the most part the
few specimens that have been retained rest in limbo.

The only major programs in which these animals
have been retained by routine are those of Hessler
from his samples in the abyssal Pacific, the more
recent samples of the Soviet Union’s Institute of
Oceanology, and the French investigations in the Bay
of Biscay. The Russians call these animals “vetvistye
komoktchki”, which means “branching lump” (A.
Kuznetsov, personal communication). This appella-
tion seems especially appropriate, and therefore we
shall continue to call them <“komoki” (singular
“komok™) as a matter of convenience.

As a result of our investigations, we conclude that
komoki are indeed foraminifers of the agglutinating
type. However, except for their being members of
the suborder Textulariina, they are for the most
part completely unacceptable by the present taxo-
nomic hierarchy. We therefore erect the new
uperfamily Komokiacea to include them.

The problem with describing a group such as this
for the first time is that it is so vast. Single samples
contain dozens of species, and we suspect that the
total number of species in just our few hadal, abyssal,
and bathyal samples may be in the hundreds. Clearly,
it will take years of laborious effort to bring the
knowledge of komoki up to the level of that of other
recent taxa., We therefore choose in this first treat-
ment to confine ourselves to describing this super-
family and some of the lower taxa which typify the
range of morphologies that clearly belong within it.
In limiting ourselves in this way, we fully recognize
that there will be many important morphologies that
will need future treatment.

We will, furthermore, discuss in the light of pres-
ent information the distribution of komoki and their
position in deep-sea communities.
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II. MATERIALS

Qur samples come from several sources. The core of
the collection is part of Hessler’s sampling of the abys-
sal oligotrophic community under the central North
Pacific gyre (Hessler 1974, Hessler & Jumars 1974).
We have concentrated our efforts on this material,
firstly because we are familiar with the way in which
it was collected and with the community from which
it comes. Secondly, because we then can illustrate the

range of morphologies that live together. Thirdly,
because we have box core samples from this area
which will ultimately allow quantification of the or-
ganisms on the bottom.

The samples used for comparative morphological
study and for determination of geographic range
have been selected from collections borrowed by
Tendal from institutions in other countries (Table 1).

Table 1. Collections from which supplementary samples have been selected.

Expeditions Geographical region

No. of samples - Depository of collection

“Valorous”, 1875 N. Atlantic Ocean

“Galathea”, 1950-1952
“Vitiaz”, 1958, 1959, 1969

International Indian Ocean Ex-
pedition, “Anton Bruun”, 1964

“Meteor” 3, 1966

Round the world
N. Pacific Ocean

W. Indian Ocean
Iberian Sea
N. Pacific Ocean

Climax II, “Argo”, 1969

“Fastward”, 1972 W. Atlantic Ocean

South Tow -leg 1, Equatorial and South
“Thomas Washington”, 1972 Pacific

Cruise 14, “Akademik Kurchatov”, Caribbean

1973

“Thalassa”, 1973 Bay of Biscay

Biogas VI, “Jean Charcot”, 1974 Bay of Biscay
Eurydice -leg 7, Philippine Trench

“Thomas Washington”, 1975
Wingstrand, 1975
Wingstrand, “Dana”, 1976

Korsfjorden, Norway
Skagerrak, E. North Sea

1 British Museum of Natural History,
London
8 Zoological Museum, Copenhagen
23 Institute of Oceanology, Moscow
1 Smithsonian Institution, Washington
3 Institut fiir Hydrobiologie und
Fischereiwissenschaft, Hamburg
4 Scripps Institution of Oceanography,
LaJolla
Zoological Museum, Copenhagen
2 Scripps Institution of Oceanography,
LalJolla
39 Institute of Oceanology, Moscow
17 Centre Océanologique, Brest
10 Centre Océanologique, Brest
2 Scripps Institution of Oceanography,
Lalolla
2 Zoological Museum, Copenhagen
1 Zoological Museum, Copenhagen
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Table 2. List of the stations from which the samples of Komokiacea
used in the present investigation originate.

AB - Anton Bruun; Ar - Argo; Bi - Biogas; Eastw - Eastward; Gal — Galathea; Ku - Akademik Kurchatov; Me - Meteor; Tha -
Thalassa; Va — Valorous; Vi - Vitiaz; Wash - Thomas Washington; Wing — Wingstrand.

AD - anchor dredge; BC - 0.25 m? box corer; BD - Boillot dredge; BT ~ beam trawl; ES - epibenthic sled; OG - okean grab; OT ~
otter trawl; PG - 0.2m? Petersen grab.

Atl. — Atlantic; Carib. — Caribbean; Pac. - Pacific.

eutr, - eutrophic; olig. — oligotrophic; sublitt. - sublittoral; trans. - transitional.

Ship Stat. No. Depth (m) Latitude Longitude Location Gear

AB 382C 4900 34°06°S 41°15°E W. Indian BT
eutr., abyssal

Ar H-30 6065-6079 30°05°N 156°12’W Cent. N, Pac. ES
olig., abyssal

- H-36 5588-5615 42°48'N 165°45'W Cent. N. Pac. ES
eutr., abyssal

- H-37 5532-5546 42°45'N 165°42’W Cent. N, Pac. ES

v eutr., abyssal

- H-39 7298 50°58'N [71°38W N.N. Pac. BC
eutr., hadal

Bi DS75 3250 47°28'N 9°08°W E. Atl, ES
eutr., abyssal

- DS78 4706 46°31°’N 1024w E. A1l ES
eutr., abyssal

- DS79 4715 46°30°N 10°27W E. Atl, ES
eutr., abyssal

- DS 86 1950 44°05°N 4°19°W E. At ES
eutr., bathyal

Eastw 20087 4270 322N T4°54W W. Atl. ES
eutr., abyssal

- 20097 2400-2220 33921'N 75°58°W W. Atl ES
eutr., abyssal

Gal 52 2550 142N T°51’E E.Eq. Atl. oT
eutr., abyssal

- 65 2610 2017’8 8°10'E E. Eq. Atl. PG
eufr., abyssal

- 235 4810 4478 46°19E W. Indian OT
eutr., abyssal

- 238 3960 3923'S 44°04’E W. Indian oT
eutr., abyssal

- 716 3570 923’'N 89°32°W E.eq. Pac. OoT
eutr., abyssal

- 726 3670-3270 5°49°'N T8S2W E.eq. Pac. oT
eutr., abyssal

Ku 1178-A 8150 - 19°33°'N 68°09°W Carib. oG
eutr., hadal

- 1181 5220-5300 19°56'N 68°20'W Carib. BT

eutr., abyssal
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Ship Stat. No. Depth (m) Latitude Longitude Location Gear

- 1187 5650 19°17’N 68°05'W Carib. OoT
eutr., abyssal

- 1189 7950 19°39°N 68°18°W Carib. BT

: eutr., hadal

- 1194 6650 19°49'N 63°08°W Carib. oG
eutr., hadal

- 1201 2920 12°48'N 61°57W Carib. oG
eutr., abyssal

- 1209 1067 13°07’N 63°15W Carib. oG
eutr., bathyal

- 1238 1100-1120 16°52’N 79°348W Carib. oG
eutr., bathyal

Me 12-35 5300 42°N 14°W E. Atl. BC
eutr., abyssal

Tha 410 1180 47°51'N 809'W E. Atl. BD
eutr., bathyal

- 426 860 4828'N 9°39'W E.Atl. BD
eutr., bathyal

- 437 610 43°35’N 10°24'W E. Atl. BD
eutr., bathyal

Va 9 3203 59°10'N 50°25°W N.W.N. Atl. ?
eutr., abyssal

Vi 4281 4360 20°02’N 122°00W S.E.N. Pac. ?
trans., abyssal

- 6089 180 58°02'N 149°02’W N.E.N.Pac. ?
eutr., sublitt.

- 6104 2080 59°03’'N 141°58°W N.E.N.Pac. ?
eutr., bathyal

- 6109 3450 52°13’N 139°44°W N.E.N. Pac. ?
eutr., abyssal

- 6118 2340 56°28'N 136°46’W N.E.N. Pac. ?
eutr., bathyal

Wash H-29 5899 30°05°'N 156°05°W Cent. N. Pac. BC
olig., abyssal

- H-153 5597 21°26'N 155°30°'W Cent. N. Pac. BC
olig., abyssal

- H-170 5657 21°30'N 155°29°W Cent. N. Pac. BC
olig., abyssal

- H-84 4435-4438 03°02'N 125°01'W E.Eq. Pac. ES
eutr., abyssal

- H-99 3768-3804 21°56’S 131°08°'W Cent. S. Pac. ES
olig., abyssal

- H-189 9600 10°36'N 126°38’E W.Eq. Pac. BC
eutr., hadal

- H-196 9605 10°36'N 126°38’E W. Eq. Pac. BC
eutr., hadal

Wing 1 670 60°10°N 3°1S'E E. Atl. ES
eutr., bathyal

- 2 400 58°08'N 9°54E E. Atl. ES
eutr., bathyal
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At this early stage in our understanding of the tax-
onomy we have not attempted to determine the ge-
ographic range of our species. On the other hand,
the distribution of genera can be discerned with

reasonable confidence. The samples used for this
purpose are from the stations listed in Table 2.
The holotypes are deposited in the Zoological

Museum, Copenhagen.

HI. METHODS

One of the important reasons why komoki have not
been recognized in the past is that the techniques
used for handling deep-sea material have in large
measure been inadequate. The following comments
are intended to serve as a guide to handling material
in the search for and investigation of this taxon.

Handling

Komoki do not have a rigid test; they are often soft
and always fragile. Thus, samples must be handled
with care. Preferably there should still be sediment
in the sample when it reaches the sea surface; this
sediment will insulate the animals from mechanical
damage in the water column.

The sample should be washed gently. The elutria-
tion technique of Sanders, Hessler & Hampson
(1965) is recommended. Since komoki are often
small, a fine-mesh screen should be used; a 300-500
um mesh would be adequate.

Fixation

The washed sample must be fixed immediately in
order to reduce as much as possible cytological
changes after death. Hessler’s samples, which are the
main part of the present material, were fixed in buf-
fered 4 % formaldehyde/sea water solution and after
2 days transferred to 80 % ethanol for storage.
Although this procedure is commonly accepted as
usable for small marine animals, it often poses diffi-
culties for histological workers because of shrinkage
during stages following fixation, In our samples the
following features may possibly be signs of such an
effect: the crooking of tubules in some species, the
wavy appearance of the inner organic layer of the
test in places, the extremely diffuse condition of the
plasma, and the strong tendency of the stercomata to
be arranged in tight clumps filling only part of the
tubule lumen.

Concerning more detailed cytological and cyto-
chemical work in future we recommend that tests be
performed with fixation in Bouin’s fluid, Carnoy or
Clarke, Flemming’s fluid, Susa and Zenker.

Because of their fragility, komoki cannot be dried
without special procedures.

Staining

Rose bengal, the stain commonly used to discriminate
living foraminifers, does not work well on komoki. A
more promising stain seems to be the mixture of
eosin B and biebrich scarlet proposed by Williams
(1974). It should be used in a 1:1000 concentration of
either 4-5 % formaldehyde as given by Williams, or
distilled water. Alcohol does not work at all, or at
best extremely faintly on protozoans. It should be
noted that there are differences between genera
(and species) of komoki as to the degree they are
stained: Septuma, Lana, Baculella, and Edgertonia
stained differently, but strongly in about {2 hours,
whereas Komokia, Ipoa, and Normanina stained faintly
or not at all, even when staining was prolonged to 96
hours. Destaining can be done with 96 % alcohol or
4-5 % formaldehyde. Alcohol is the most effective,
removing practically all stain in 48 hours.

SEM preparation

The procedure used for preparation of specimens
for scanning electron microscopy was critical point
drying (Nemanic 1972). The technique was modified
for use on the Komokiacea as follows: a 6 mm hole
was punched in the lid of a No. 00 Beam capsule, and
a 50 um plankton netting was inserted into the cap
over the hole. Solutions were injected with a hypo-
dermic syringe via a No. 26 needle through the other
end of the capsule.

From storage in 80 % ethanol, the komoki were
hydrated, immersed in a 2 % solution of AgNO, for
10 minutes at room temperature and rinsed in three
changes of distilled water. They were subsequently
treated with Cajal’s reducing solution (Luna 1968)
for 5 minutes, and rinsed again in two changes of
destilled water.

Dehydration was followed by two extra changes of
100 % ethanol for 15 minutes each, a 1:1 solution of
ethanol and freon 113 for 15 minutes, and finally two
solution changes with freon 113 for 15 minutes each.
The freon 113 was drained from the capsule, which
was quickly placed within the freon critical point
dryer (Cohen et al. 1968) and dried using freon 13.

The specimens were affixed to an aluminum stub
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with silver conducting paste and coated under
vacuum with approximately 200A of gold-palladium.
They were viewed with a Cambridge S-4 Stereoscan
scanning electron microscope.

Sectioning

Considerable information about morphology can be
learned by examination of paraffin sections, of which
we recommend 5-7 um as a useful thickness, Schiff’s
PAS reaction, hematoxylin, Heidenhains Azan, and
- toluidine blue are general stains which highlight es-
pecially the inner organic layer of the test. Toluidine
blue has the disadvantage that it may stain the outer
agglutinated layer too heavily.

The terminology used is the same as for Foramini-
fera.

The size range given of a single species must be
judged in relation to its morphology, because it is
sometimes difficult to distinguish between small, en-
tire specimens and fragments of larger ones.

One of the aims of this paper is to show the exceed-
ingly large morphological variation found within the
Komokiacea. A person unfamiliar with the group
might therefore come to the conclusion that the de-
scription of species is easily done, requiring only a
few discrete characters. Although it may be so in
some genera, in general this will not be the case. Our

experience is that a number of morphologies strong-
ly resembling each other, when closely examined
must be judged as representing separate species. This
is the case both within single samples and between
widely distributed samples.

1t is desirable to avoid the state of affairs known
from several other taxa rich in species that a great
many descriptions are incomplete in important char-
acters and inadequate for later work. Therefore,
when describing a new species of Komokiacea one
should always pay attention to the following features,
although the elucidation of some of them may be
rather time-consuming:

1. Growth form and outer dimensions.
2. Details of branching, including anastomosing
versus nonanastomosing.
. Presence or absence of beads.
. Diameter of tubules.
5. Presence or absence of sediment filling in inter-
stices.
6. Type of agglutinated material.
7. Structure of the tube wall, with dimensions.
8. Presence or absence of chambering (can only be
reliably worked out through sectioning).
9. Presence (and structure) or absence of foramina.
10. Distribution of stercomata.
11. Appearance of plasma and nuclei.

W

IV. MORPHOLOGICAL PART

A. External appearance of the komoki

Komoki are visible to the naked eye, their largest
dimension generally being 1-5 mm.

A tremendous number of different, character-
istic body forms are to be found endowing this
taxon with a degree of diversity which at least
equals that seen in the other two superfamilies of
the suborder Textulariina, and which is com-
parable to that found e.g., among hydrozoans
and bryozoans.

The basic element in the morphology of
komoki is a fine tubule of even diameter, con-
taining the plasma and a large quantity of faecal
material, generally in the form of pellets called
stercomata. Different organizational patterns of
the tubules are reflected as different body
forms. The external appearance is, moreover,
strongly influenced in some species by the in-
clusion of sediment in the interstices between
tubules.

The general body form of komoki is of two
sorts. There may be a center of organization as
in trees or bushes; here one may speak of cen-
tral and peripheral tubules or at least of a center
of growth (Pls 9A-D, 10, 11A-D). In the other case
there is no center of growth or organization, just
as would be the case with a ball of fleece or a
scouring pad (Pls 13, 14A-B, 16C).

Branching is the basic feature controlling
body form. In most cases branching is dichoto-
mous, although tri- or polychotomy also exists
(Pls 10A, 14C-Dy).
comprise more than one tubule. Diameter and
cross section of the branches are often constant
throughout the whole tubule system. There are,
however, a number of cases where they are
found to be different when comparing a stem
(central tubule) to its side branches, and some-
times there is stepwise reduction following each
level of branching. The ends of tubules are some-

noavas

T
Stems and branches never
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