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ABSTRACT. Direct observations of burbot (LOla lora), their biogenic structures and excavating
behavior were made in July and August of 1985 and 1986from the research submersible Johnson
Sea-Link 11 (JSL II) at depths from 140 10 366 meters in Lake Superior. Video rapes, of 5 10 30
minutes duration, were made 0/ at least. 14 burbots and 25 or more separate biogenic structures in
three general sedimentary environments: a) soft, clay-rich muds in the bottoms ofthe deep basins, b)
crescentic clay bank undercuts and slump blocks, and c) "swallow-nest't-like burrows at the base. or
within the walls of 1-2 m clay cliffs. The burbot ranged in size from 0.50 m to 0.75 m total length.
Biogenic structures ranged in size and shape from 0.80 m 10 J.50 m long in the linear, multiple entry,
trenches; from 2.5 m 10 4.0 m in the crescentic bank overhangs: and from 0.25 m to 0.65 m diameter
burrows in the cliff walls. The actual frequency ofburbot and their spatial distribution in Ih~e deep
basins remain unknown, as only one burbot at a time was observed in these settings. Burbot may be
solitary in their social behavior when observed in the hypolimnitlc zone. These qualitative observa
tions suggest that burbot are present in many deep areas of the lake. and that they create distinct
biogenic structures whose size and shape appear controlled by a combination of sediment type and
bottom topography. Comparisons can be made with the behavior and structures ("pueblo villages}
created by marine Gadidae and associated species on the continental shelf and slope oJl New
England. such as the rusk (Brosme brosme) and the tilefish (Lopholatilus chamaeleonticeps). That
the burbot create these "shelters" in diverse sediment types and bottom conditions strongly suggests
evolutionary and ecological pressures may exist for this behavior. yet no large predators ofthe burbot
exist i~ the lake. These structures may enhance the burbot'sfishing efficiency, especially in the case of
the french structures.
ADDITIONAL INDEX WORDS: Submarines, underwater, fish behavior, lake sediments, biological
oceanography.
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BURBOT STRUCTURES 17S

INTRODUCTION

In July and August of 1985 and 1986, the University
of Connecticut at Avery Point's National Undersea
Research Program (NURP-UCAP) conducted a
joint biological, geological, and geochemical study
of selected environments in Lake Superior, using the
manned research submersible DSR/V Johnson Sea
Link II (JSL) and support vessel R/VSeward John
son. A total of 78 dives (35 in 1985,43 in 1986)was
made at 31 locations throughout the central and
eastern regions of the lake at depths ranging from
15 to 403 meters. Burbots (Lota Iota), burbot bio
genic structures, and burbot excavating behavior
were observed in situ and videotaped during five
dives at NURP-UCAP dive stations 7, 8, and 9 in
1985 and on five dives at stations 11, 12, 14, and 15
in 1986 (Fig. I, Table 1).

Biogenic structures created by fish or fish-like
organisms are not well documented from the fossil
record (Anderson 1976, Atkinson and Pullin 1976,
Buchheim and Surdam 1977, Olson and Bolles
1976, Cook 1971), but there have been excellent
recent studies (Dubiel et al. 1987, Feibel 1987).

However, bioerosion and the creation of biogenic
structures by bottom dwelling fish is recognized as
one of the. major biogenic agents responsible for
large-scale sediment mixing in modern-day shelf
and slope environments (e.g, Stanley 1971). In
addition, biological and ecological studies recog
nize the significance of these activities in structur
ing the local benthic community through distur
bance, and in some instances enhancing the species
richness and abundances of organisms, and the
physical heterogeneity of the benthic habitat (Day
ton and Hessler 1972, Jumars 1975, Jumars and
Eckmann 1983, Souza 1984, Pickett and White
1985, Boyer et al. 1988). These biogenic sedimen
tary structures and bioerosion features are com
mon on the continental shelf and upper slope off
New England (Dillon and Zimmerman 1970, Stan
ley 1971, Cooper and Uzmann 1977, Wanne et al.
1977, Cooper and Uzmann 1980, Valentine et al.
1980, Hecker 1982, Able et al. 1982, Valentine et
al. 1984, Cooper et al. 1987). Fish-generated bio
genic structures have been reported in the Great
Lakes, and in Lake Superior (Johnson et al. 1984),
however, these were small (a few ern in diameter)
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FIG. I. Dive stations of Johnson Sea-Link II submersible in Lake Superior where direct observations of burbots
(Lora Iota), burbot biogenic structures. or burbot excavating behavior occurred (A = 1985. 0 = 1986).
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176 BOYER et ale

TABLE I. Burbot and burbot structures sighted in
Lake Superior. 1985-86.

NOTE: Documentation of every individual burbot
or burbot structure is not possible from the available
data.

1985
LEG # JSL DIVE # STATION # OBSERVER DEPTH

I 1129 7 Remsen 311 m
1132 8 Boyer 305 m
1134 9 Long 366 m

1986
LEG # JSL DIVE # STATION # OBSERVER DEPTH

II 1373 11 Fitzgerald 293 m
1374 12 Smith 291.m
1376 14 Boyer 320 m
1377 15 Minnich 351 m
1378 14 Whitlatch 321 m

RESULTS

ducted from the forward sphere of the JSL 11.
Documentation of each sighting was made using a
Marine Optic Systems (MOS) color video camera
with remote pan and tilt functions. mounted at the
forward port edge of the submersible's work plat
form, .and illuminated by Burns and Sawyers
lights. The scientist or pilot controlled the video
camera's location. zoom setting, and focus
remotely. while observing the live image of a color
monitor within the sub. The video sequences were
recorded on 3/4" UMATIC format. Burbot struc
tures and behavior were videotaped from 5 to 30
minutes per sighting.

In 1985 the dimensions of burbots and biogenic
structures had to be estimated. However. they were
measured directly from the video images taken
during the 1986 dives. as a pair of 5 mW Helium
Neon lasers were attached with exactly 10 em beam
separation parallel to the MOS camera housing.
These beams produced two focused red dots on the
playback images for precise measurement.

305 m
124 m

Paddock
Long

8
9

1144
1148

II

structures produced by the sculpin (Myoxocepha
Ius thompsoniiy in soft, flat bottom basin sedi
ments. These structure are preserved in the recent
sedimentary record of the Lake (Johnson et at.
1984, Boyer and Whitlatch 1989).

This paper presents the first in situ observation
and documentation of burbot biogenic sedimen
tary structures, excavation behavior, and their rela
tionships to bottom sedimentary environs. We will
briefly compare our findings with bioerosion
structures and behavior of the tilefish (Lopholati
Ius cha'!'aeleonticeps), cusk (Brosme brosme), and
the white hake (Urophycis tenuis) on the New
England continental shelf. Although our study
describes the initial stages of work on burbot struc
tures and behavior, we will put forth a model for
the construction and maintenance of these features
to encourage future study. Moreover, we will dis
cuss the ecological significance of this behavior.
Clearly, thiS' study has generated questions that
cannot be answered until future studies on in situ
bur bot behavior can be conducted.

METHODS

In situ observations and video taping of burbots
and their associated biogenic structures were con-

General

The in situ resting or excavating behavior of at .
least fourteen burbots was observed within or near
a variety of sedimentary structures on the deep
lake' floor. Moreover. many unoccupied biogenic
structures attributed to burbots were examined at
depths ranging from 140 to 366 meters (Table 1).
Burbots ranged in total length from approximately
0.50 to 0.75 m. The burbot observed in these deep
basins were found in or pear three types of struc
tures on the lake bottom: a) "trenches" in muddy
clay-silt sediments (Figs. 2a,b; 3; 4a.b) within
"runs" or grooves protected by fallen:clay blocks at
the base of undercut. crescentic clay bank over
hangs (Figs. 5a, b. and c); and, C) within "swallow
nest"-like burrow structures in clay bank slopes or
walls (Figs. 6a. b; 7a,b).

Detailed Observations

Various sized burbot "trenches" were observed on
the lake floor. Even the smallest trenches have at
least two major openings (e.g., Fig. 2a). the widest
opening appears to be two to three times the width
of the middle and deepest part of the trench (e.g.,
Fig. 4a). Maximum trench depth was estimated at
between 0.12 and 0.18 m; overall length is between
0.80 and 1.20 m. The deepest portion of the trench
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BURBOTSTRUCTURES 177

FlG. Za, Deep-bottom "trench" structures formed by
the burbot (Lora Iota) in Lake Superior. 0) Typical
3/4 view of an unoccupied burbot trench structure on
the soft, clay-rich sediments in the deep basins . Note
the shallow. flared, broad opening on the near left of
the image, and the progression into a deeper and much
narrower mid-portion of the trench . At the other end,
at least two areas of entry or exit path ways art visible
(black and white copy of 314" color video).

FIG. 3. Burbot location in the trench structures.
Overview of occupied burbot trench structure, with the
burbot positioned just ahead of the deeper, narrower
portion of the trench, facing the broad, flared opening
Iblack and white copy of J/,/' color video).

FIG. lb. Deep-bottom "trench" structures formed by
the burbot (Lota lola) in Lake Superior. b) "Straight on"
view down the axis of an unoccupied burbot trench. We
are looking into the flared opening to ward the "rear" of
the trench (black and white copy of 3/./' color video).

has a width slightly greater than the width of the
burbot (Figs . 2a, and 3b) .

The larger "trench" features ob served were
between 1.0-1.50 m in length with a pronounced
opening at one end three to five times the width of
the deepest portion of the trench (Fig s. 3; 4a, b).
Maximum trench depth observed was between 0.24
and 0.40 m with interior trench widths up to
0.40 m.

Excavating behavior was observed and video
taped for up to 20 minutes at two locations in 1985
(Stations 7 and 8) and one location in 1986. The
burbots observed within these trench structures
generally lay motionless in the middle and deepest
portion of the trench, facing the broad opening
(Figs. 3, 4a). In one well-documented example,
when disturbed by the presence of the sub, the
bur bot observed at Station 8 (1985) began what we
have termed excavating behavior (Figs. 3; 4a, b) .
The videotape of this resuspension and excavation
process captures the burbot fanning sediment out
of the trench by undulatory motions of its mid
body, and tail (Fig . 4b). Other general observations
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FIG. 4a. Burbot excavation behavior in trench struc
tures. a) Disturbed by the submersible's close approach,
the burbot begins undulatory movements that will initi
ate resuspension and removal of sediment from the
trench system (black and white copy oj 3/4" color
video).

indicate that burbot may fan sediments primarily
toward the broad opening of the trench.

Two scales of clay bank undercut structures were
observed; a smaller suite at Station 9 in 1985, and
larger features during a second visit to Station 9
the same season . These structures and associated
burbot occur along the edge of 1-2 m high com
pacted clay swales or banks. Solitary, adult burbot
were observed lying in "runs" or grooves parallel to
the base of the cliff - behind the fallen clay blocks
(Figs. Sa, b, and c). The smaller undercut clay
bank structures were approximately 1.5 to 2.5 m in
width, 0.75 to 1 m deep, and approximately 0.3 m
high (e.g., Figs. Sa-c). The largest expression of
this type of feature was observed at three specific
locations on a transect of the perimeter of these
clay banks . These structures were approximately
4 m wide, 2 m deep, and I m high (e .g ., Fig . 5c) .

In all of these sightings , burbot were not
observed excavating, but were observed lying
among the fallen clay blocks or up against or just
under the base of the clay bank wall. At two of the
larger features, bUT bot were observed not only
among the clay blocks but also swimming back and
forth at the base of the cliff. It is exactly at this
location that there appears to be a "run" or

FIG. 4b. Burbot excavation behavior in trench struc
tures. b) At this stage in the videotape, the burbot has
turned around in the trench and is hidden in a cloud of
actively resuspended sediment (black and white copy of
3//' color video).

grooved pathway at the base of the majority of
these clay bank features (e.g ., Fig. 5c).

In transit along the base of the clay cliffs on the
return visit to Station 9 we observed numerous
"swallow-nest't-like burrow systems at the base and
up within the walls of these cliffs (Figs . 6a, b; 7a,
b) . These clay cliffs are from 0.5 to J m high, and
along much of their extent many apparently unoc
cupied hollowed-out features were visi ble. In some
instances, "runs" or grooved paths were present at
the base of the cliff (Fig. 6b), or the actual burbot
occupant was visible in these burrows (Figs. 7a, b).
These burrow features (the holes) are wider than
high, and the lowermost ones appear associated
with the "runs" formed at the very base of the cliffs
(Figs . 6a, b; 7b). The openings were estimated at
from 0.10 to 0 .25 m in diameter. Associated stru""-'---------;!
tures include many areas of collapsed, caved-in, or
fractured bank walls (Figs. 5a-c; 7a) . One of the
nests may even be connected to a hole or excava-
tion in the flat top of the clay bank (Figs. 7a, 8a).
Finally, in one example from the second transit of
these cliffs, we observed what may be several
sculpin in the vicinity of these structures (Fig. 8b).

No excavating behavior was observed in the
transit of these sites; however, one of the burbot
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FIG. Sa. Clay bank/cliff collapse, undercut crescentic
structures, and grooved "runs." 0) Freshly collapsed
cliff face with slump blocks in foreground (black and
white copy of J/4 " color video).

FIG. Sc. Clay bank/cliff collapse, undercut crescentic
structures, and grooved "runs." c) Larger crescentic
undercut area, complete with bioeroded undercut,
grooved "run" area, and disintegrated clay slump blocks
(black and white copy of J/,," color video).

FIG. 5b. Clay bank / cliff collapse, undercut crescentic
structures, and grooved "runs." b) "Older" undercut
area with more disintegrated and possibly current
scoured slump blocks, a bio-eroded undercut, and a
grooved "run" area at the base of the cliff (black and
white copy of 3/4" color video).

occupants was disturbed by the sub. and backed
further into the burrow system rather than fleeing
the area (location of 7a) .

DISCUSSION

Formation of Biogenic Sedimentary Structures

Trenches

Based on these in situ observations, examination
of our video tapes, and inferences from our work
in marine systems, we can create a model for the
formation and maintenance of these biogenic
structures, to serve as a framework for further
research. We envision several phases in the devel
opment of these "trench" structures, although the
time required for their formation is unknown
(Figs. 9a, b, and c).

The initial phase of excavation may begin with
the burbot fanning away the surficial sediments, as
these gadids can hold themselves stationary on the
bottom by spreading their pectoral fins into the
soft substratum (Fig. 9a). In the intermediate
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FIG. 60. "Swallow-nest't-like structures in the clay
bank/cliff habitats. a) Two "nest" or burrow structures
observed in the base of the cloy bank/cliff area (black
and white copy of 35-mm Benthos color photograph).

FIG. 7a. Clay bank /cliff structures and burbot (Lots
Iota) occupants. a) "Swallow-nest "-like or burrow struc
ture in the corner of the clay bank/cliff area with an
adult burbot in residence. 1711s 35-mm image was taken
at the start of a simultaneous video sequence, where the
submersible pilot and scientist have just discovered the
fish. As the sub slo wed and swung around to zoom the
video onto the fish, the burbot was disturbed, and
backed further into the burrow structure (black and
white copy of 35-mm Benthos color photograph),

FIG. 6b. "Swallow-nest't-Iike structures in the clay
bank/cliff habitats. b) Two "swallow-nest't-like struc
tures partially up in the face of the clay cliff (black and
white copy of 35-mm Benthos color photograph).

FIG. 7b. Clay bank /cliff structures and burbot (Lota
Iota) occupants. b) Burbot occupying a "swallow-nest"
like structure in the lower portion of the clay bank/cliff
walls (black and white copy of IN' color video).
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FlG. 8a. Clay bank/cliff area: Additional structural
complexity and potential sculpin population. a) Top of
the corner of the clay bank/cliff seen in Figure Za. Note
hole (exit?) and location of other cliff wall structures
(black and white copy of J/i' color video) .

phase, the burbot continues to fan sediments away
from the floor of a linear, trench-like excavation in
the soft substratum (Fig. 9b). Moreover, at this
point, the trench has at least two major openings ;
one is significantly broader than the other, flaring
upward and outward to smoothly merge with the
ambient sediment-water interface. With time, con 
tinued fanning, and subsequent collapse and main
tenance of the walls of the trench, a large perma
nent structure with a flared "frontal" opening and
multiple "rear" exits is created in the soft, deep
lake sediments (Figs. 9c ; 2a, b; 3; 4a, b) .

Undercut CUI)' Block Banks

We believe the following sequence of events (Fig .
100., b), based in part on our brief observations of
burbot behavior and inferences from marine work,
can produce these habitats (Figs. Sa-c). Initially,
the burbot must locate and orient to a desirable
location at the base of the clay bank. swimming
back and forth while undercutting the cliff and
eroding the supporting "t oe" of clay (Fig, lOa) . In
time (perhaps years), with a combination of mass
wasting, possibly augmented by current scour and
bio-erosive effects, a relatively symmetrical under-

FIG. 8b. Clay bank/cliff area: Additional structural
complexity and potential sculpin population. b)
"Swallow-nest't-like entrance at clay bank/cliff area
where scupIin(?) appeared to be aggregated (black and
white copy of 3/,," color video).

cut bank overhang forms (Figs . lOb; 5a-c), pro
gressively growing up to 4 m or greater in width .

"Swallow Nests"

The formation of these burrow structures remains
an enigma at present, as no observations of behav
ior that might produce these features was observed
in 1985 or 1986.

Significance of the Excavations and
Associated Behavioral Responses to the

Sedimentary Environment

Comparisons with Marine Systems

The burbot biogenic structures in the clay banks
(e.g ., Figs. 5a-c; 6a, b: 7a, b) may be analogous to
the "pueblo village" habitats excavated and occu
pied by the cusk tBrosme brosme: a close relative
of the burbot in the family Gadidae), tilefish, and
white hake of the New England outer continental
shelf and submarine canyons (Cooper and Uz
mann ] 977, Warme et al. 1977, Valentine et al.
1980, Cooper et al. ]987) . These Pueblo village
habitats are characterized by extensive bioerosion
of compacted silt-clay substrates in the heads of
submarine canyons at depths of 150 to 400 meters.
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Functionality of These Structures

Two hypotheses concerning the funct ional role(s)
of these biogenic structures can be advanced .

Refuge from predation

These structures may provide shelter from preda
tors. However, as there are no known predators on
adult burbot in the study area, thi s behavior may
represent a "residual" predator avoidance mecha
nism, common to the family Gadidae . In situ stud
ies on the New England continental shelf have doc
umented potentially analogous animal-substrate
associations with several members of the family
gadidae, i.e., the cusk (Brosme brosmei, cod
(Gadus morhuay, white hake, and squirrel hake
(Urophycis chuss) (Cooper and Uzmann 1980,
Cooper et al. J987). The shelters occupied by these
gad ids are also considered to have a predator
avoidance function. Moreover, Abel et al. (1982)
and Grimes et al. (I986) believed the vertical and
horizontal burrows of the tilefish (excavated in
Pleistocene clays) and the scour depressions
around boulders serve as a refuge from predators.
In these structures , the head-first entrance and tail 
first exit from the burrow suggests that these struc
tures are not used for ambushing prey. Creation of
refuges or shelters for predator avoidance has been
do cumented for other fishes such as the gobie
iLeseurigobius friesii; Rice and Johnstone 1972,
Paulson 1978) and jaw-fishes (Lonchopisthus
micrognathus; Colin and Arneson 1978) ;

FIG. 9. Formation of trench structures (schematics).
a) An adult burbot "fanning" away surficial sediments
(silts, clays) from a fixed position on the lake floor. This
represents the "initial" phase in the creation of a trench
type biogenic sedimentary structure or "shelter." b) An
adult burbot lying in a trench, "intermediate phase,"
excavated into the silt /clay substrate on the lake floor.
e) An adult burbot lying in a trench, in what we envision
represents the final or "mature" phase, excavated into
the silt/clay substrate on the lake floor.

Enhanced feeding efficiency?

On the other hand, the trench and possibly clay
bank/block structures may function as a funneling
mechanism or physical attractant for the deep
water sculpin (Myoxocephalus thompsonii, which
is a common prey species of the burbot (Van Oos
ten and Deason 1938, Clemens 1951 , and McCrim
mon and Devitt 1954), or ' for other megabenthic
prey species such as the rnysid shrimp iMysis
relictay, to increase predation efficiency.

Burbot may take advantage of the absence of
light and other topographic fea tur es on the lake
floor and "lay in wait " for prey species to swim in
or by (Figs. 3; 4a, b; 7a, b). In addition, the burbot
is described by Scott and Crossman (J 973) as a
"voracious predator and night feeder." Individuals
over 50 cm total length (as observed in this study)
feed almost exclusively on fishes, consuming as
many as 179 fish per adul t burbot, while young
burbot may feed primarily on rnysids (Scott and
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FIG. 10. Formation of crescentic bio-eroded undercut clay bank/cliff structures (schematics). a) An adult burbot
lying among the silt/clay blocks resulting from a combination of the "back and forth" swimming behavior at the base
of the compacted, ] to 2-meter-high bank, and mass-wasting. This feature represents the "intermediate " phase in the
development ofa "mature" pueblo village shelter. b) An adult burbot occupying the "mature" phase of a pueblo village
shelter, a bioerosional feature occurring at the base or perimeter of a compacted] to 2-meter-high silt, clay bank.

Crossman 1973), making burbot an important
direct competitor of several commercial species
(lake trout, cisco) occupying the hypolimnion . The
attraction of prey and other species to "pueblo vil
lage" shelters and scour depressions around boul
ders in the Georges Bank-Submarine Canyons,
with the tilefish as tbe apex predator, has been well
documented (Cooper and Uzmann 1980, Abel et
al. 1982; and Cooper et at. 1987).

Moreover, it may be that the burbot are
attracted to the cliff areas initially by the presence
of the sculpin, as these structures would present a
topographic channeling for any fish that travels in
near-direct contact with the bottom for short
bursts (Figs . 7a, b; 8b) .

Creation of Environmental Heterogeneity
and Enhanced Species Richness

The tilefish, cusk, and hake shelters on the New
England continental shelf have higher species rich
ness and densities in the association rnegafaunal
community (Cooper and Uzmann 1980, Valentine
et al. 1980, Abel et al. 1982, Valentine et al. 1984,
Grimes et al, 1986, and Cooper et al. 1987).

Unlike the excavated shelters of these marine
analogs, the burbot shelters appear to have very
few associated megabenthic species that were
directly observed from the submersible . An occa
sional deepwater sculpin and mysid shrimp were
observed in close proximity to the burbot struc
tures, but not in den sities qualitatively greater than
surrounding non-r'shelter" areas .

CONCLUSIONS

These investigations provide a unique view of the
habitats and behavior of the deepwater burbot that
cannot be provided in any other fashion . However,
they barely scratch the surface in adequately
assessing the abundance, spatial patchiness and
distribution, and specific prey and substrate
behavior of the burbot . Our models are presented
with the intent to stimulate future research in the
field and lab on the precise mechanisms and time
spans for the creation of these structures.

The solitary aspects of the observed burbots, the
true functionality of the structures, the evolution
ary response and/or driving forces behind the crea
tion of these features will require specific, focused
research with manned submersibles, remotely
operated vehicles (ROV'S), and time-lapse bottom
photography, including manipulative experiments
in the laboratory, with burbot raised on a suite of
differing sediment types. This unique, deep, and
geologically very young freshwater environment,
and these Gadid inhabitants and associated spe
cies, can provide valuable information on the co
evolution of physical habitats and megabenthic
biota.
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