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Issue:

Current status;

Next steps:

Lakewide management plans for Lake Erie require that the impact of
the zebra mussel (Dreissena polymorpha) and its variants be
understood and dealt with. A recent trend toward colonization of

. offshore (soft substrate) areas raises concerns regarding the role of

substrate type plays in limiting the spread of ZM. This publication
address the important issue of accurate quantification of ZM colonies
using remote techniques in western Lake Erie.

The overall study of relationships between zebra mussel colonization

and substrate in offshore (soft sediment) areas of western Lake Erie
began ih 1994 and will continue until 1997. This step deals with the

~ analysis of video-camera data from field surveys in 1994,

These results will be combined with larger-scale survey images from
side-scan surveys.to produce an order-of-magnitude estimation of the
ZM population in western Lake Erie. Such an estimate and the
details. of the spatial distribution pattern will be useful in
characterizing the impact of ZM on offshore soft-sediment areas.
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ABSTRACT

This report was prepared under contract by Hydrisar, Ltd. with the aim of
developing an accurate means of quantifying the coverage of zebra mussels
(Dreissena) using video images. Problems encountered include variation in-
horizontal scale due to changing camera distance, low visibility, variable size
distribution of the mussels, and inability to distinguish dead from live mussels.
Zebra mussel quantification from the video footage was carried out by a number of
steps:

° Manually counting the number of alive and dead mussels in each of 105
video frames,

@ Calculating the percentage of ground coverage by zebra mussels (both
dead and alive) for each of the selected frames,

® Determining the altitude of the camera for each of the selected frames in
order to determine the area of the lake floor coverage by the camera at
the given altitude for the selected frames,

® Determining the number of zebra mussels per metre squared on the lake
floor, based on the number of mussels counted and the area of lake-floor
coverage by the camera.

Zebra mussel quantification proved to be very dependent on defining an accurate
scale (Z value). The results from the 105 frames counted showed a fairly uniform
distribution of zebra mussel populations throughout the sites filmed in the Western
Basin of Lake Erie. It was found that the average coverage ranged from 1000-
2000 mussels per metre squared on sediments, while on hard rock the populations
rose to almost 5000 mussels / m2. This figure represents only the surface layer
and is therefore difficult to compare with quadrat sample counts based on the top
4 cm. ‘
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_ Video footage of Western Lake Erie’s bottom was collected from 12
stations during a research cruise aboard the RV Hydra during August 1994. The
purpose of the footage was to record zebra mussel infestation on the lake floor
and to act as a tool, along with sidescan sonar imagery, for quantifying zebra
mussel populations in the lake.

The following report (1) explains the method used to quantify zebra
mussel populations from the video footage and (2) lists the results of the zebra
mussel quantification from the video footage collected in 1994.

VERVIEW OF THE BASIC PROCE

‘ The video footage was collected using a Benthos underwater camera
that was lowered over the side of the RV Hydra. The images collected by the
camera were transmitted to.a control system on the boat where they were
recorded onto VHS.

At the University of Toronto, zebra mussel quantification from the video
footage was carried out by a number of steps which included (1) manually
counting the number of alive and dead mussels in each of 105 video frames, (2)
calculating the percentage of ground coverage by zebra mussels (both dead and
alive) for each of the selected frames, (3) determining the altitude of the camera
for each of the selected frames, (4) determining the area of the lake floor coverage
. by the camera at the given altitude for the selected frames, and (5) determining
the number of zebra mussels per metre squared on the lake floor, based on the
. number of mussels counted and the area of lake-floor coverage by the camera.

The results from each frame were tabulated and totalled. The results are
presented at the end of this report (Appendix A).
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Video Frame Sel

’ It was decided that approximately 100 frames would be counted from
the two hours worth of video footage collected. The basic criteria used in selecting
video frames to count were (1) The footage had to be of quality good enough to
yield a reasonably accurate count (see section 2.1.2 on counting), (2) the lens of
the Benthos camera had to be aimed directly downward at the lake floor. This
angle (90°) was essential since frames in which the lens was not pointed
perpendicular to the lake floor had distorted dimensions. This distortion allowed for
potential errors in altitude and area coverage calculations, as will be discussed
later in the report. (3) Frames which contained footage that appeared in previously
counted frames were not counted. These exclusions were made to avoid counting
the same zebra mussels multiple times. Finally, (4), an attempt was made to select
a wide variety of frames (ranging from extremely high to extremely low mussel
population) to reflect the diversity of the zebra mussel distributions.

- Video quality permitting, a count was done every 10-20 frames. The
frame number displayed by the counter on the VCR was recorded for each count
to reference it, where frame O represents the first frame of the tape. Note that the
counts were done using two different tape formats: VHS .and 8mm (see equipment
table).

Once a frame was selected it was paused and counted. Two separate
counts were conducted for each frame. The first was for alive zebra mussels. and
the second was for dead ones. Alive mussels were differentiated from dead
mussels by colour. It was decided that black {(dark) shells represented alive
mussels and white shells represented dead musseis (note that only white shells of
significant size were counted since in some frames the dead shells were
fragmented). '

Quantification was done by manually counting one zebra mussel at a
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time until all the mussels in the selected frame had been accounted for. As a
consistency check, each count was conducted at least twice. In some regions of
the selected frames, where the images were slightly blurred, approximation-was
required to determine mussel totals. This approximation is reflected in the range
value accompanying each count. For example, the following mussel counts were
obtained from the first frame counted at station #3.

Station # Frame #  A-Mus Range D-Mus Range T-Mus Range
3 23 210 195-225 95 90-120 305 285-345

Here 210 alive mussels were counted. However, because of unclear mussel
definition in the frame, the number of alive mussels could range from 195-225-
(approximately). Therefore, the purpose of the range value is simply to express the
relative “exacthess” of the count. Similarly, 95 dead mussels were counted;
however, the “exact” number of dead mussels could range anywhere from 90 to
120. Relatively speaking, a very accurate count would have a range of +5/-5.
However, at high camera altitudes, or in extremely populated areas, a count with a -
+5/-5 range is nearly impossible because of the size of the mussels in the frame
and/or the vast number of mussels in the frame. Therefore, ranges as high as
+40/-40 were not uncommon at high altitudes or in extremely populated aréas.

Note that the total mussel values are just the sum of the alive and dead mussel
values.

Determining Percent Coverage

In addition to the mussel counts described above, the percentage of frame
covered by both alive and dead mussels was determined. The values for alive
percent coverage and dead percent coverage were determined by visual
approximation. The total percent coverage value was obtained by adding the
percent coverages of the alive and dead mussels.

The reason for determining the percent coverage was to give an idea of the
relative population densities of the mussel beds, since, for example, it is hard to
visualize what a density of 1714 mussels per metre squared “looks like”. It is
important to note the altitude of the camera when considering the percentage
coverage, since at low altitudes it is possi'ble to have high percentage coverages
and low mussel counts. The reverse can also hold true at high camera altitudes.
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Knowing the altitude of the camera is useful since it can help correlate values
such as mussel populations and percentage coverages (see above paragraph).

The basis for the determination of the camera altitude {and camera area

‘coverage -- see next section) is the use of a constant, Z, that represents the

average length (long dimension) of the zebra mussels being counted. For this
quantification study, a Z value of 1cm was used. This value was determined from
two sources. The first source was a mussel-covered rock collected during the
1994 survey. The average mussel fength (Z value) on the sample was 1cm. The
second source was the video footage itself. In some frames of the footage, where
the camera was resting on the lake floor, the camera lens was rotated so that the
hoop, (support frame) of the camera could be seen. It was observed that the
average mussel length in these frames was the same as the diameter of the hoop
which has a diameter of 1cm.

With the determined. Z value, the width of the frame was calculated by
measuring how many averaged-size mussels (averaged-size from that particular
frame) fitted across the screen multiplied by the Z value, since at different camera
altitudes the mussels appeared to be of different lengths. :

Sample Calculation: Station #3, Frame #23

Number of mussels that fit across the width' of the frame = X = 49, Z= 1cm
Therefore, screen width = (49)(1) = 49cm '

Once the screen width was calculated, the camera altitude was determined
from a graph of camera altitude vs frame width (see graph in Appendix B), plotted
from Benthos camera specifications.



Determining the area of lake floor that the camera covered at a given altitude
was the key step in determining the “mussels per metre squared” values.

The process used to determine the area coverage made use of the Z value
described in the above section. Quite simply, the area was calculated by
multiplying the frame width by the frame height (see section 3.3, Calculating Area
Coverage). It was determined that for both monitors used during the mussel
counts (see list of equipment) the ratio of screen width to screen height was
1.35:1. Therefore, the area coverage was calculated using the following
relationship (see Appendix B for derivation):

A = (ZX)¥1.35

Where A is the area covered by the camera, Z is the Z value described in section
2.1.4 which is equal to 1cm, and X is the number of averaged-size mussels that fit
across the width of the screen. Note that although area is a function of the camera
altitude, the camera altitude plays no part in the above area equation. Again, see
section 3.3, Calculating Area Coverage.

Sample Calculation: Station #3, Frame #23

A = (ZX)*/1.35

A = [(0.01)(49)]%/1.35
A = 0.178m?
Determining Mussel Populations Per Metre Squared

Once the area coverage was calculatéd for each frame, it was possible to
derive a value that represents the mussels per metre squared. It is important to
note that the value assumes that the area which makes up the metre squared, is
identical to the area covered by the frame. The importance of this value is that it
allows for comparison between values obtained from different frames that may
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have covered different areas.

To calculate the mussels per metre squared, the number of counted mussels
was divided by the calculated area. This calculation was done separately for the
alive mussels and dead mussels. (Note the value for the total mussels is the sum
of the alive and dead mussels.)

Sample Calculation: Station #3, Frame #23

Alive Mtgssels = 210

 Area = 0.178m?

Therefore,

Alive Mussels per metre squared (A/m? = 210/0.178 = 1180 mussels/m?>.

-

Notes

During the mussel counts an effort was made not only to include frames with
average coverage, but also to take into account frames of abnormally high or low
population density. The reason was to reflect the diversity of mussel coverage
along the lake floor. Counts of frames in which abnormally high or low population
densities were encountered were noted by placing an * in the last column of the
mussel count result tables (Appendix A). Simple inspection of the values pertaining
to the specific * frame will reveal whether the population was abnormally high or
low. In some cases an * was placed where the number of alive mussels may have
been average, but the number of dead mussels high or low (or vice versa). In
addition to the use of an * in the notes column of the result tables, an @ sign was
used to signify that the camera was resting on the lake floor for that particular
frame. : i 4



Equipment Table

Station #

3

12

13

14

Totals

Equipment used for
counts

Zenith VR 1861-1 VCR
with an Electrohome
Sherbrooke #18-
C30414-21 monitor
(VHS format)

Sony EV-A300U Video-
8 tape player with a
Panasonic BT-H1350-Y
monitor {8mm format)
Sony EV-A300U Video-
8 tape player with a
Panasonic BT-H1350-Y
monitor (8mm format)
Sony EV-A300U Video-
8 tape player with a
Panasonic BT-H1350-Y
monitor (8mm format)
Zenith VR 1861-1 VCR
with an Electrohome
Sherbrooke #18-
C30414-21 monitor
(VHS format)

Zenith VR 1861-1 VCR
with an Electrohome
Sherbrooke #18-
C30414-21 monitor
(VHS format)

Zenith VR 1861-1 VCR
with an Electrohome
Sherbrooke #18-
C30414-21 monitor
(VHS format)

Number of frames
counted
29

16

25

16

12

112

Note that the video frame reference numbers do not coincide between the two
tape formats (i.e., VHS frame #1400 is not the same as 8mm frame #1400).
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The greatest possible source of error in this study was the selection of an
incorrect Z value. Zebra mussels have been known to range in size up to 4cm
'long. The Z value is the key component of the camera ground-coverage calculation
which is directly related to the value obtained for the number of mussels per metre
squared. Although measurements were made to ensure that an accurate Z value
was used, the following example illustrates the direct relationship between the Z
value and the subsequent restilts of a mussel cotint.

Using a Z value = 2cm for the Station #3, Frame # 23 count, the following
results were obtained: '

Alt (m) SA (m?) A-Mus D-Mus T-Mus A/m? Dim? T/m?
1.08 0.711 210 95 305 295 134 429

‘Note that the actual results obtained for a Z value of 1cm were:

Alt {m) SA (m?) A-Mus D-Mus T-Mus A/m? D/m?  Tim?
0.54 0.178 . 210 95 305 1180 534 1714

Therefore, it can be seen that-a Z value which differs by a factor of two causes
the resuits of the count to differ by a factor of four. Similarly a Z factor which
differs by a factor of 3, causes the count to differ by a factor of nine (i.e., the
relationship is exponential).

Although everything possible was done to ensure an accurate Z value, the
following table shows percent errors for the entire count based on possible
differences between the applied Z value and the actual Z value.

Zactual - Zappﬁad (Cm) T/m2 % difference
-0.75 30640 : 1500
0.5 7660 300
-0.25 3404 78
o . 1915 0
0.25 | 1226 36
0.5 851 56
0.75 625 67
1.0 479 75
8



In the above example the applied Z value equaled 1cm. Note that the 4th row of
data (Zactual - Zapplied = 0) is the data that appears in the Totals result chart.

Allowing for Field of View Distorti

For a frame to be ¢ounted it was essential that the lens of the camera be aimed
directly downward at the lake floor. Recorded Benthos images in which the camera
was not pointed directly downward had a distorted field of view which made it
impossible to accurately calculate the area coverage for the particular frame.
However, theré was no way of monitoring when the camera was aimed exactly
downward. Theréfore some of the area calculations may have been slightly off
because of field of view distortions created by the camera. At low camera
altitudes distortion played a very insignificant role. However at higher altitudes
{>1.0m) the effects of distortion became more significant (note that the majority
of frames counted in this study were at altitudes < 1.0m). The magnitude of
these distortions was not calculated during this study; however, they should be
kept in mind when interpreting the data.

The area covered by the camera in each frame was calculated by muitiplying
the width of the frame by the height of the frame (see section 2.1.5). The results
obtained were in no way erroneous. However, an alternate method was available
which made use of the Benthos camera specifications. The specifications related
camera altitude to camera area coverage. However, it was found that at very low
camera altitudes (< 1.0m) the specifications failed because of their asymptotic
nature near the origin (see graph in Appendix B). Calculations were carried out
using the area given by the specifications and assuming a Z value = 1cm. The
results yielded numbers in the range of 100,000 mussels per metre squared in
densely populated areas. From inspection alone it can be seen that surface
numbers of this size are virtually impossible. For example, assume one mussel took
up an area of 0.5 cm? (1 x 0.5 cm). In 1m? the maximum number of mussels
covering the surface would be no more than 20,000.

Therefore, the Benthos camera specifiéations for area coverage were not used
in this study.
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DISCUSSION ’

Counting zebra mussels manually from video footage proved to be a very time-
consuming process. However, the results showed significant consistencies. For
example, all the frames counted (except frames 1340-1452 in station #7)
produced an average in the range of 1000-2000 mussels per metre squared. It is
interesting to note that most of these counts were of mussel populations that had
formed on the lake-floor sediments. As expected, the mussel populations were
significantly higher in regions of hard substrate, such as rock. Station #7 results
showed that in the moraine region of the footage (frames 1340-1452), the mussel
population was near 5000 mussels per metre squared.

Another interesting observation was the extremely low number of dead mussels
at stations 12, 13, and 14. However, it should be noted that in the footage of
these stations, there appeared to be a fairly significant amount of sediment
transport (the water column was very cloudy). Therefore, the low dead mussel
counts may have been a result of the dead mussels being buried quickly.

With buried mussels in mind, it is extremely important to note that the results
of this study represent zebra mussel lake-floor coverage viewed from an aerial
position (i.e., two dimensional view point). Mussels embedded under other
mussels, under sediments, and/or under the rocks could not be accounted for in
this study. Therefore the results of this study should be interpreted as a minimum
lake-floor-coverage.

112 frames in total were studied during the quantification. Seven of the 112
frames were used only to get percent-coverage values, since the altitude of the
camera and clarity of the individual mussels in each of the frames were too poor to
conduct manual counts. The remaining 105 frames were manually counted.

Although the 1994 data set lists 16 stations, video footage was collected at
only stations 3,5,6,7,8,10,11,12,13,14,15, and 16. The remainder of the stations
were sediment sampling stations. Of the above video-footage stations, only
stations 3,6,7,8,12,13, and 14 produced data that was countable. The other
stations were either completely mussel free, or water column turbulence was so
great during filming that usable images were not produced. See Appendix C for
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maps showing the location of each station.

The key to an accurate study done in a manner similar to this one is having
precise Z values. Determining such a value is difficult since zebra mussels can vary
greatly in size over a small area. Therefore; future studies of this kind should make
use of as many ‘scaling’ devices (devices attached to the camera to help measure
the average mussel size) as possible to ensure the Z values are accurate.

' CONCLUSIONS

In cbnclu‘sion;, manually counting zebra mussels as a way of quantifying
populations proved to be very dependent on defining an accurate scale (Z value).

The results from the 105 frames counted showed a fairly uniform distribution of

zebra mussel populations throughout the sites filmed in the Western Basin of Lake
Erie. It was found that the average coverage ranged from 1000-2000 mussels per
metre squared on sediments, while on hard rock the populations rose to almost
5000 mussels per metre squared.

/
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Legend: 1994 Lake Erie Zebra Mussel Survey Data Set

Station # - site of video footage

Frame # - frame counter number on tape player

Alt (m) - camera altitude in metres

SA (m?) - area of camera’s field of view calculated from frame

A-Mus - alive mussels counted in frame

Range - possible range of alive mussels in frame ;

D-Mus - dead mussels counted in frame :

Range - possible range of dead mussels in frame

T-Mus - total mussels counted in frame (alive + dead)

Range - possible range of total mussels in frame

%-A - percentage of frame covered by alive mussels

%-D - percentage of frame covered by dead mussels

%-T percentage of frame covered by all mussels (alive + dead)

A/m? - number of alive mussels per metre squared

D/m - number of dead mussels per metre squared

T/m? - number of total mussels (alive + dead) per metre squared

Notes - additional comments: * - extreme frame (very high or very low mussel populatlon)
@ - camera frame resting on lake floor
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APPENDIX B



Derivation of the Camera-area Coverage Equation (Section 2.1.5)

A =WH

where W = the width of the frame, and H = the height of the frame.
Note that W = 1.35H

Therefore,

A =W?1.35

However,
W = ZX, where Z is the Z value, and X is the number of averaged size mussels
that fit across the frame (section 2.1.4)

Therefore,
A = (ZX)*11.35



Camera Altitude vs. Field Of View
Width For The Benthos Model 378
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Camera Altitude vs. Field Of View
‘Area For The Benthos Model 378
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