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NON-CONVENTIONAL TECHNIQUES FOR SAMPLING AND COLLECTING MARINE ORGANISMS

Robert F. Tusting
Senior Systems Engineer

Harbor Branch Foundation
Fort Pierce, Florida, USA

Abstract

Marine biological sampling and collecting has traditionally been accomplished
using a variety of nets, dredges, pumps and traps. Although, these devices are
highly useful, there are a number of situations for which specialized sampling
methods are needed. This paper will review some of the non-conventional techniques
that are being developed at the Harbor Branch Foundation for photographing,
collecting, and measuring population densities of marine animals.

Introduction

Experiments with video-equipped nets, and observations by open-water divers and
from manned submersibles have shown that the contents of a towed net is often an
inaccurate indication of what is present in the water sampled.1,2 In the case of
mobile animals, such as fish and krill, net avoidance can result in a drastic under
estimation of both density and diversity. Soft bodied zooplankton, such as
siphonophores, medusae, and ctenophores, are rarely collected intact. Bottom
dwellers, especially those who live in burrows, are especially difficult to collect
with nets or trawls. In addition, little can be learned about the behavior of, and
interactions between, species which happen to be caught in the same net tow.

Manned research submersibles have proven to be effective platforms for
observing, photographing (both still camera and high resolution video documenting),
and collecting marine animals in a relatively undisturbed environment. 3,4 Although
many of the tools and techniques described in this paper were designed to enhance the
capabilities of Harbor Branch Foundation's submersibles to perform marine research,
they are also adaptable for use on other vehicles, such as ROVs and tow bodies.

Quantitative Photographic Technique for Sampling Marine Animals in a Known Volume

Time lapse photography is a well established technique for marine b,iological
5surveying. A recent advance in underwater illumination systems allows a more

accurate detennination of the abundance and distribution of "swarming" animals, such

as soft bodied zooplankton and krill. 6 The primary element is a high-intensity light
source and lens system, which uniformly illuminates a rectan9ular volume of water.
An orthogonally mounted camera, operating in a time-lapse mode, photographs this
vol ume as the veh i c1e on whi ch it is mounted performs a seri es of transects. Refer
to Figure 1 for a simplified version. This technique was originally developed at
Woods Hole Oceanographic Institute for measuring the size and spatial distribution of
amorphous aggregates (marine snow).7

The illumination source (strobe lamp) is located at the focal point of the lens
(large-area, plastic rectangular Fresnel lens). With a small light source and an
ideal lens, the light emerging from the lens is collimated into a rectangular
parallel beam whose height, h, is several times greater that its width, w.
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The still camera is positioned perpendicular to the lens axis and lens edge and
at a distance which provides a convenient field-of-view (height = h and length = 1).
The volume photographed is w x h x 1.

In order to have a sufficient illumination level (many of the marine creatures
of interest are nearly transparent and reflect little of the incident light), a high
intensity strobe is used and a short focal-length lens is chosen. Only the light
contained in the solid angle, defined by the lens, can be used; the rest is wasted
and light shields must be included to prevent unwanted illumination outside the
desired volume. With a proper design, the near and far photographic regions are dark
and the camera records only the animals in the illuminated volume. The physical size
of light source is a major limitation in that it results in divergence of the light
beam and therefore non-abrupt edges to the illumination volume. The beam divergence
angle, AB, can be estimated from the equation:

d
AB '" 2T radians

where dis the di ameter of 1i ght source and f is the focal 1ength of the 1ens, in
water. The minimum size of high-efficiency flash-lamps is approximately 2 cm so a
compromise between beam divergence and focal length (which limits the amount of light
that can be collected) must be made.

A variation of theFre sne l lens illumination system is shown in Figure 2, in
which a pair of mirrors are used with each of two strobes. This arrangement doubles
the amount of light which can be collected and allows an increase in the size of the
sample volume and/or an increase in the illumination level. One particular system
being developed uses an array of four 30 cm by 30 cm lenses. Each lens is comprised
of a stack of four Fresnel lenses, in order to reduce the overall focal length to
approximately 40 cm in water.
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FIGURE 1. Simplied system for photographing
an accurately known volume.

FIGURE 2. Modification to increase
the illuminated volume
and 1 ight-coll ecti ng
efficiency.
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For this system, the beam divergence is calculated to be approximately 1.4°.
The volume illuminated, assuming a standard 35 mm format, is approximately 0.7 m3• A
prototype Fresnel lens system was installed on a JOHNSm!-SEA-LINK submersih1e during
the summer of 1985 to verify that the optical system would provide adequate
illumination and resolution, and that the resulting data could be correlated with
direct visual observations.

Laser Aids to Underwater Photography

It is difficult to accurately estimate the size of, or the distance to, objects
viewed from a submersible or photographed with an underwater camera. For example, a
recent research project required that small, bottom-dwelling animals be photographed,
from the JOHNSON-SEA-LINK submersible, without disturbing them. A 35 mm format
camera equi pped wi th a 80 mm tel ephoto 1ens was selected. The 1imited depth-of
field, combined with the difficulty of aiming the camera, resulted in an unacceptably
low percentage of good photographs. The problem was solved using a pair of low-power

helium-neon lasers in pressure-proof housings, as shown in Figure 3.8

The two lasers are positioned so that their beams intersect at the mid-point of
the camera1s depth-of-fie1d. The camera system is aimed by maneuvering the
submarine; the subject is approached until it is near the center of the camera's
fie1d-of-view and precisely in focus (as indicated by the red dots being close
together and near the subject). The operator then triggers the camera system; the
lasers are turned off, the camera shutter opens, the strobe fires, the shutter
closes, the film advances, the lasers are turned back on, and the strobe is recharged
in preparation for the next photograph.

Using a 80 mm telephone camera lens, Ektachrome film (ISO 64), and a 200 watt
second strobe, the required lens opening is f 5.6 for a camera-to-subject distance of
2 meters. The resulting depth-of-field is only ± 10 em. With this system, our
scientists have consistently been able to take sharply focused and well formatted
pho tographs.
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The same underwater lasers have been used to provide accurate size information
for still and video cameras. In an early version, the two lasers are mounted above a
high-resolution video camera with their beams parallel and spaced 10 cm apart. The
horizontal distance between the laser spot centers, when projected on a surface, will
be exactly 10 cm independent of the range or adjustment of the camera lens. The
absolute size of objects near the laser spots can therefore be accurately determined.
This system was used to assist in fisheries studies on the Georges Bank and in the
Gulf of Mexico during the summer of 1985.

Photographic surveys of the ocean bottom do not usually include a means of
determining the area-of-coverage or an absolute distance scale. A limited area to be
explored (for example, an archeological site) can be pre-surveyed and a visual grid
installed. Elegant photogrammetric techniques are available, usin9 a precision
underwater stereo camera in conjunction with a microcomputer and specialized optical
instrumentation. 9 However, for performing simple photographic surveys, a pair of
known-spaced lasers can provide an absolute scale, providing the camera angle with
respect to the bottom, S, is known (refer to Figure 4). If the perpendicular spacing
of the two lasers is ± X cm above and below the camera axis, the distance between the
1 ight spots represents 2 X cm on the photograph, independent of camera lens details
and the height of the camera above the bottom. Using the two dots, a square can be
constructed on the photograph which represents an approximately trapezoidal region of
the bottom, havi ng an area of 4X2/s in e.

Tilefish Assessment and Collection

Commercially important tilefish are found along the United States east coast and
the Gulf of Mexico in water depths of between 100 and 600 meters. Tilefish are
seldom caught in nets because they excavate and live in deep burrows. For several
years, fisheries biologists have been studying their behavior and their preferred
environment using manned submersibles. l O Where bottom topography permits, a
promising area for study is first surveyed with a side scan sonar which is able to
detect the characteristic tilefish burrows. When a suitable area is found, the
submersible is used to conduct a detailed bottom survey and collect specimens.

Factors such as water temperature, burrow size, bottom composition, sediment
thickness and hardness, etc., are measured and video recordings are made of the
tilefish and their excavations. Specimens are collected by placing a buoyed conical
hoop net over the burrow with the subme r s tb l evs manipulator arm, and injecting an
irritant to drive the occupant out and into the net (for example, Rotenone).l1 For
some behavioral studies, the tilefish is first evicted, and the burrow covered with a
weighted screen. The response of the tilefish, when it cannot return to its home, is
video taped, and the rate at which the uninhabited burrow deteriorates is determined
by subsequent visits to the site. These observations provide an estimate of how long
an abandoned burrow has been vacant.

Submersible Mounted Electro-Sampler

As part of an ongoing program of lamprey study and control, Michigan State
University biologists initiated a submersible-aided research project for assessing
the distribution and abundance of deep-water larval lampreys (ammocoetes) in Lake
Superior. Lampreys are hatched in streams; soon afterward, those who escape the
1amprey control programs drift downstream into the Great Lakes. They spend several
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years in a larval stage, feeding on materials they strain from the soft bottom, and
digging burrows in which they live and from which they are difficult to dislodge.
When the lampreys metamorphize into adults, they start a parasitic stage of life
during which they are capable of destroying many times their weight of commercially
important food fish.

The research plan involved documenting the distribution of burrows with a high
resolution color video camera and a 35 mm time-lapse camera system, while using a
custom electro-shocker to "tease" the lampreys out of their holes. A simple count of
burrows was unsatisfactory because many holes are unoccupied or inhabited by other
type s of fi shes.

Collecting lamprey specimens was accomplished by positioning the electro-sampler
electrodes above a burrow, teasing the lamprey out with a slowly pulsing electric
field, immobilizing it with a higher intensity or faster pulse rate, and gathering
the stunned fish with a suction sampler (to be described in the following Section).

Based on a number of studies of the response of larval lampreys to electric
fields, the electro-sampler is designed to provide rectangular d.c. voltage pulses of
zero to 150 volts at a selectable current of zero to 2 Amps.12 The operator in the
submersible can control the position of the electrodes, the applied current, and the
pulse-repetition rate (1 to 7 pulses per second for teasing, and 20 to 80 pulses per
second for stunni ng) .13

Plans are underway to use the electro-sampler next year, with different
electrode configurations, to study and collect a variety of Great Lakes fishes. Also
under development is an electro-sampler to aid in collecting marine animals. The
high conductivity of seawater (several hundred times that of fresh water) requires a
much higher peak current at a slightly lower electric field strength. 14 The
feasibil ity of a submersible based electro-sampling system depends on having a high
ratio of peak-to-average electrode power. This requires using short electrical
pulses. Studies of the reaction of fish to electric currents indicates that sub-
millisecond pulse widths are effective for immobilizing fish. 14,15 Improved
electrode designs will need to be developed which efficiently direct the electric
current into the volume to be sampled.

Mechanical Collection Aids

The JOHNSON-SEA-LI~K submersibles are equipped with a seven-function ma~ipulator

arm with a maximum reach of 2.7 meters. 16 In addition to the usual functions of
grabbing and handling objects (such as a tilefish net), the manipulator is used to
position the electrodes of the electro-sampler, extend the nozzle of a suction
sampler, or serve as a highly articulated pan and tilt unit.

In conjunction with the photographic recording and observing systems described
above, several specialized mechanical samplers have been developed.4,16 One type is
used to collect free floating material (for example, marine snow) and extremely
fragile mid-water animals. Several variations of multi-bin suction samplers are
presently in use. Selected animals are collected during a dive and store~ for later
identification and analysis. A typical suction sampler consists of a high-volume
pump, a suction nozzle, an array of sample buckets, and a mechanism for rotating and
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indicating the buckets. Recently, the sub-compact version shown in Figure 5 was
designed for use on small submersibles and ROVs. Initial operational tests have been

successfully completed on DEEP ROVER, a one-man submersible.
17

One of the
attachments is a specialized brush for collecting biological growth from deep-ocean
structures.
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Figure 5. Sub-compact multi-bin sampler.
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