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SUMMARY OF FINDINGS
This study has been concerned with the evaluation of geological. water
chemistry, and biological samples taken at the Pearl Harbor disposal site,
Oahu, Hawaii, immediately after and for a 6-month period following the disposal
of dredge spoil. The general conclusions based on the results of the sampling
program are that minimal adverse environmental effects have resulted from spoil
disposal at the recownlended site (21ol5.9'N, 157°56.7'W).
1.

Geology and Physical Oceanography

A total of 36 grab samples have been taken within the general disposal area
and when possible close to the previous Part A stations, 30 of which were
examined for geological purposes. Four samples were taken along a southwester1y
transect extending from the specific dump site approximately 4 miles, to assess
possible spoil transport out of the site by bottom currents. Field observations
indicate that deposits of coarse-sized sediments, coral rubble, shell fragments
and sand are present in the immediate vicinity of the specific dump site. Finegrained sediments are not predominant in the grab samples, are much more widely
dispersed, and now extend over most of the general disposal area.
2.

Water Chemistry

Surface water samples were collected from seven stations within the disposal
area. Results of previous studies indicated that water quality at the dump site
returned to pre-disposal conditions within approximately 24 hours after disposal
operations had ceased,with the exception of slightly higher heavy metal concentrations in the surface waters. Results of the water chemistry investigations
have revealed that concentrations of heavy metals at the disposal site are as low
or lower than those found at nearby stations.
The distribution of sediment traced by the me~jls content indicates a
dispersion of spoil approximately two miles westward from the disposal site.
A significant increase in total metals concentration was noted in the bottom
sediments as compared to the Part B studies.
Many of the individual metal concentrations were higher than those found
in the direct analysis of the spoil, leading to the conclusion that other
sources, most likely the Sand Island sewage treatment plant outfall, are
responsible for the higher metals concentrations.

Exami nati on of body burdens in shri mp (Heteroca rpus ~nsifer) and zoopl ankton
samples revealed no evidence of bioconcentration of heavy metals.
3.

Zooplankton

A series of zooplankton tows was taken after the completion of the dredging
operations to determine the immediate and long-term response and recovery rates
of the zooplankton community to the disposal of dredge spoil. Tows were taken
in June, July, September, and December. Comparison of the organisms from the
Part C tows with those obtained in Parts A and B has documented an increase in
zooplankton populations during dumping, followed by a decrease to levels "'/ell in
excess of baseline values. The long-term increase was attributed to the relocation of the Sand Island sewage outfall nearer the disposal area and not to dredge
spoil disposal.
4.

Benthic Biology

A total of 34 grab samples for benthic faunal analyses was obtained during
the Part C studies within and adjacent to the general disposal area.
In general. the number of pellets and small tracer species in the Part C
samples showed a factor of 10 decrease in abundance as compared to the Part B
results. The overall area containing pellets and tracer species has been
reduced by approximately half.
Except for the immediate area of the dump site, the benthic foraminifera
showed a trend toward recovery to predi sposa 1 popul ati ons .. based on·' a .compafison
of pre- and postdisposal species lists.
5.

Fisheries

Shrimp traps were set in the general area of the specific dump site and a
control area just south of the southwestern boundary of the general disposal
area. Total numbers of shrimp captured in the dump site area increased from
the predisposal collections in September 1976, and numbers in the control site
decreased. Possible explanations for the observed population changes include
seasonal fluctuations and variations in specific trap locations.
Two important fisheries, opelu and akule, are known to exist in the Ewa
ledge (Barbers Point ledge) area approximately 5-7 miles west of the specific
dump site.
ii

Based on the State Fish and Game catch records, the commercial opelu fishery
has steadily decreased in value from September 1970 to September 1977. The akule
fishery has remained fairly constant. There is no evidence that dredge spoil
disposal is influencing these fisheries.
Recommendation
The evaluation of the data obtained during the Part C studies ~hd that
previously analyzed in Parts A and B, has supported our previous recommendation
for continued dredge spoil disposal at the specifically desi9nated disposal site,
21015.9'N, 157°56.7'W. We have found no evidence of significant, long-term,
adverse effects on the geological conditions, water quality, or biological
communities that may be attributed to the disposal of dredge spoil in this area.

iii
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I.

INTRODUCTION

The environmentally acceptable location for the disposal of dredge spoil
is a matter of continuing concern, particularly by those faced with the
responsibility for maintenance of harbors, marinas, canals, and protected
coastal embayments. The Corps of Engineers' nationwide Dredged Material
Research Program (DMRP) is an example of the effort that has been, and
continues to be provided at the national level to address the problems of
dredge spoil disposal. Hawaii's unique geographical position and geological
structure do not lend themselves readily to extrapolation of environmental
considerations addressed and observed in many of these mainland dredge spoil
disposal site studies. For the most part, disposal of sediments along the
continental margins of the mainland involves disposal in shallow waters on
the continental shelf, or at most the somewhat deeper continental borderland
found off the Pacific coast. In either case, transportation time and the
attendant costs necessitate disposal within a few miles off shore, at depths
generally less than 75 meters and frequently depths less than 30 meters.
In contrast the State of Hawaii, which rises abruptly from the deep sea
floor, is characterized by exceedingly deep water within a few miles of most
of the shoreline. Environmental considerations for the selection and evaluation of suitable offshore dredge spoil disposal sites must therefore be
considered in terms of deep water (>200 fathoms) and oceanic conditions.
The present study represents a major effort to evaluate the unique
environmental considerations required for the safe disposal of dredge spoil
in deep, near shore, coastal waters. Part A of this study involved the
collection of certain baseline data and the selection of an environmentally
acceptable disposal site approximately 2~ nautical miles due south of Pearl
Harbor, Hawaii (Chave and Miller, 1977. Part A). The second phase (Part B),
of the study addressed the actual dumping operation and included monitoring
of the distribution of the spoil in the water column, on the bottom, arid its
immediate effects on the biota. The present report, Part C, deals with the
longer term effects of dredge spoil disposal, its transport along the bottom
or in the water column, and its effects on the pelagic and benthic faunal
communities.
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II.

DESCRIPTION OF AREA

The dredge spoil disposal site unde)" study 1ies off the southern
coast of Oahu, Hawaii, in a crescent-shaped area beginning at latitude
21016.8'N, longitude 157°56.7 W. thence on a line to latitude 21015.9 N.
longitude 157°56.1 'w, thence on an arc to the right with a radius of
2~ nautical miles to latitude 21015.9 N. longitude 157°59.0'W, thence on
a line to latitude 21 o l6.8'N. longitude 157°58.5 W. thence on an arc to
the left with a radius of l~ nautical miles to the point of beginning
(Figure II-l). The origin of the radii of the two arcs is the approximate
location of the Pearl Harbor Entrance Channel Buoy No.1. The area of
this site is 3.54 mF (898 ha). The bottom slopes gently to the southeast,
from about 160 fm at the northwest corner to about 240 fm at the southeast
corner.
I

I

I

I

The results of the data obtained during the Part A studies of this
project led to the recommendation that all dumping during the Part B
studies take place in the southeast sector of the disposal area at the
specific dump site coordinates of 21015.9 N, 157°56.7IW.
I

Sampling has been conducted throughout the entire area of the disposal
site, and along a transect extending outward in a southwesterly direction
(245°T) approximately 2 miles from the specific du~p site.

III.

GEOLOGY

By
Mike Allen
Ralph Moberly
University of Hawaii
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A.

Objectives

The first phase of this project (Chave and Miller, 1977. Part A), was to
determine baseline characteristics of the dump site itself, including bathymetry,
seismic structure of the substrate, and mineralogy and grain size of the surface
sediments.
The second phase (Chave and Miller, 1977. Part B) of the study was designed
to observe the behavior of the dredge spoil as it was dumped, the resulting
sedimentation, and th~ short-term geological effects upon the dump site. In
addition, a comparison was made between the field ob6ervations and the results
of a predictive computer simulation of open-ocean dredge spoil disposal (Koh
and Chang, 1973; Johnson, 1977).
The objective of this third phase (Part C) of the study is to determine the
long-term physical fate of the dredge spoil dumped off Pearl Harbor in May,
1977. To address this aim, grab sampling and bottom photography have been
employed. Core sampling to determine the vertical dimension of deposited spoil
was originally proposed but discarded, due to the difficulties previously
encountered (Part B), that is, because the coarseness of the bottom sediments
prevented penetration by the core barrel.
B.

Methods
1.

Grab Samples

Grab samples were collected on September 28 and 29, October 5 and 6, and
December 6 and 9, 1977. The sampling in September and October was done aboard
the R/V Machias, using a Petersen grab sampler. The December samples were
collected aboard the R/V E1 Greco, using the Petersen grab sampler and a rotary
clam grab sampler. Navigation consisted of radar ranges and visual bearings to
objects ashore, with an accuracy of ±200 meters.
During previous work on the project, it was found that most of the finegrained dredge spoil was either widely dispersed or removed entirely from the
area rather than being retained where deposited in large quantities at the
designated dump site. Strong and variable currents were measured at the site
during Part B studies. These currents, particularly those near the bottom, were
thought to be the means by which the suspended sediment was removed from the
disposal area. Consequently, starting from the designated dump site, a series
of grab samples was taken along a line in the direction of estimated sediment
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transport from the initial dump site, that is, in the direction of net bottom
current flow.
To determine the net bottom current, the mean bottom current values from
the Part B report (7.9 cm/sec to the west and 4.3 cm/sec to the south) were
added vectorially, resulting in a velocity of 9.3 cm/sec at 245°T. We
therefore sampled along a line in a southwesterly direction from the designated
dump site (at about the location of Station 20 in Figure 111-1) for about four
miles. Otherwise, grab sample stations were selected such that a comparison
could be made with Part A samples.
Laboratory analysis of the sediments consisted of grain size analysis and
X-ray diffraction work to determine mineralogy. The grain size analysis,
following the methods of Fo'lk (1974), was carried out by dry sieving, using a
Ro-Tap machine for fifteen minutes per sample, for phi sizes -1.5 to 4.5. For
the fraction finer than 4.5 phi diameters, an optical extinction centrifuge
system was employed. Statistical treatment by Griffith's methods (1967), of
the data was done numerically on an IBM 370/158 computer at the University of
Hawaii Computing Center.
X-ray diffraction analysis was done using a Phillips-Norelco diffractometer-goniometer system; the diffraction patterns were recorded on paper
charts. Diffraction peak identification was accomplished by comparison with
standard diffractograms of pure minerals and with search manuals (e.g. Chen.
1977). Peak heights were converted to semi-quantitative data using a Deep Sea
Drilling Project computer code (Rex, 1969; Fan & Rex, 1972).
2.

Core Samples

Due to the coarseness of the bottom sediments, as shown in the Part C
grab samples, it was decided that it would be futile to attempt again to core
the cottom.
3.

Bottom Photography

On December 28, 1977, the R/V Kana Keoki was in the vicinity of the study
area to test bottom camera gear. At our request, the ship obtained a line of
bottom photos across the study area along nearly the same track line photographed
in Part A (see Figure 111-2). A standard E. G. and G. underwater camera was
mounted on a sled which was towed across the area from west to east at a speed
over the ground of about three knots, taking black and white photos at roughly
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ten-second intervals. Radar fixes were taken at each end of the photo trawl,
as well as at quarter-hour intervals along the line.

C.

Resul ts
1.

Grab Samples

A total of 36 grab samples was obtained, of which 30 were examined for
geological purposes. Table 111-1 is a general summary of samples collected.
Table 111-2 presents grain size analysis. X-ray mineralogy and spoil identification are shown in Tables 111-3 and 111-4, respectively.
As in Part B of this study, dredge spoil identification was based on
comparison with the pre-disposal surface-sediment mineralogy. The Part A
samples were almost entirely carbonate (calcite and aragonite) minerals; some
had small amounts «10%) of plagioclase (Part A). By contrast, the sediments
of Pearl Harbor, and therefore the dredge spon, contained one-third to two-thirds
carbonate materials, plus appreciable amounts of basaltic suites of materials
including plagioclase, augite, magnetite, and olivine, or secondary minerals
produced by the weathering of basalt, including hematite, gibbsite, kaolinite,
and montmorillonite (Turner, 1975). The detection of magnetite, much plagioclase, goethite (a weathering product of pyrite, magnetite, or iron-silicate
minerals) or halloysite (a weathering product of plagioclase) indicated dredge
spoil presence in a sample. One sample found to contain chlorite (a clay
mineral not found in Part A samples) was taken at the farthest offshore station.
Thi s sample was not thought to conta i n dredge spoil, but instead to represent a
deeper water sediment regime. The identification of spoil in the samples based
on these criteria appears in Table 111-4.
Graphic representation of the X-ray mineralogy of the samples taken before
(Part A), during (Part B), and after the dredge spoil disposal (Part C), are
shown in Figure III-3 for comparison. The shift in mineralogy toward "other"
minerals (halloysite, magnetite, ~tc.) is readily detected between the IIbefore"
and "duringtl samples. The apparent further spread of "other" minerals between
the Part B and Part C samples may be an artifact of the selection of grab sample
locations. It should be remembered that there is not a one-to-one correspondence
between Part B and Part C sample locations.

lII-10

Figure 111-3.

Comparison of bulk mineralogy of surface sediments in the study
area before, during and six months after dredge spoil disposal.
Carbonate means aragonite and calcite. IOther I means magnetite,
halloysite, etc. (see text).

50% other
50% carbonate

50% other
50% carbonate

100% carbonate

50% plagioclase
50% carbonate

100% carbonate

Part A

50% plagioclase
50% carbonate

Part B

BEFORE DUMPING
(13 samples)

50%- other
50% carbonate

100% carbonate

Part C
6 t10NTHS AfTER DUMPING
(31 samples)

DURING DUMpn)~G
(32 samples

50% plagioclase
50% carbonate
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Figure 1II-5.

Sand \Jith current ripples. Photo
taken at 16:15:40 hours; see
r: i 9 u re I I 1-2 for 10 cat ion. Ll2 p t his
e.G? ffil.

1II-15

Figure I I I-o .

Patch of o l d reef "lith surround i ng
sand. Photo taken at 16:24:31
hours; see Figure 1II - 2 fo r l oca ti on . Depth is 208 flTI.

JII-1G

Figure III-7.

Flat-lying sand and gravel. Photo
taken at 16:40:34 hours; see
Figure ITl-2 f or location. De pth
is 218 fm.

Figure IIl-8 .

Sand , gravel , and man-macie debris .
Photo taken at 16 : 45 : 18 hours ; seG
Figure III-2 for location . lJepth
is 22S fm.

1Il-18

Figure 111-9 .

Sand and rubble. Note the slight
changes in topography . Photo taken
at 17:00:00 Iiours; see Figure 111-2
for location . Depth is 235 frn .
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gravel, with occasional patches of rippled sand and sections of old reef. Moving
eastward. the terrain remains relatively smooth. as was seen prior to dumping.
but there is more coarse rubble. Figures 1II-5 and 111-6 are representative of
the western part of the area, showing sand with current ripples and sand with a
patch of old reef. respectively. Coarse rubble. sand and man-made debris. shown
in Figures 111-7. 111-8, and 111-9, are more in evidence in the vicinity of the
designated dumping site in the eastern part of the disposal area.
During the photographic track. a 3.5 kHz echo sounder was operating. The
fathogram record indicated that there was no soft (acoustically penetrable)
sediment along the photo track line detectable at the frequency of the instrument.
i.e. no mud thicker than about 30 cm.

D.

Discussion arid Conclusions

The areas containing spoil are indicated on Figure 111-10. For comparison,
the extent of spoil deposition found during Part B work. based also on X-ray
mineralogy. is shown in Figure 111-11. As in the Part B sampling, the Part C
samples taken near the designated dump site (approximately Station 20). and at
the temporary dump site (slightlY north of Station 44) contained dredge spoil.
Spoil presence was a 1so detected in salTlp 1es to the west of the two poi nts, as
in Part B, but the spoil appears to have spread out over a larger area on the
bottom. The bottom currents measured at the site (Part B) are quite sufficient
to transport fine sand, silt, and clay (Blatt et ~., 1972) and are also
oscillatory. which might help to redistribute the deposited spoil over a wider
area. Based upon the bottom photography, the overall nature of the surface
sediments of the site is unchanged. remaining predominantly carbonate sand and
rubble. The terrain has undergone no significant change. remalnlng relatively
smooth. flat and featureless. From a geological point of view. the spoil
disposal has had no adverse effect.
Because considerable amounts of dredge spoil from Pearl Harbor have in the
past been dumped in the vicinity of the study area, it seems reasonable to conclude that some or even most of the surface bottom sediments there may be this
older dredge spoil. That the mineralogy of these sediments is almost entirely
composed of carbonate minerals may mean that (1) the non-carbonate minerals have
been physically removed by currents from the disposal site, or (2) the noncarbonate minerals have been chemically or biologically altered at the dump site.

II I -22
The net effect is that after a certain length of time, presumably longer than
the six-month time period observed in this study, the surface sediments will
revert to their predumping, mostly carbonate, composition. This is quite
possibly what happens to Pearl Harbor sediments that are carried out to sea by
normal tidal flushing of the estuarine system, in the absence of dredging
activity. If so, the dredging and offshore disposal operations may simply be
an acceleration of seaward transport of the Pearl Harbor sediments.

E.

Surranary

Six months after cessation of dredge spoil disposal in the study area off
Pearl Harbor, spoil can still be detected in the mineralogy of the surface
sediments. The spoil appears to be spreading out over a somewhat larger area
than that which was determined by sampling during and immediately after disposal
operations, and now is detected across most of the study area. Strong and
variable bottom currents are probably the cause of this redistribution. With
more time, the surface sediments may attain the composition and texture that was
at the site before this latest episode of dumping.
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b.

Sediment Stations at the Disposal Site

Results from the Part B monitoring studies indicate that spoil material
was initially deposited within a short distance (0.5 mile radius) of the designated dump site. Twenty-three sediment stations (Figure IV-2) were sampled and
analyzed for heavy metals during the present study to trace the long-term dispersal of spoil from the disposal site. Sampling began in late September and
was completed on December 9, 1977.
c.

Shrimp trapping and Zooplankton Stations

Shrimp (Figure IV-3) and zooplankton samples for heavy metals analysis
were collected on December 8 and 9, 1977. Zooplankton only was collected on
September 13, 1977. All zooplankton collections for heavy metals were made in
the vicinity of the designated dump site.
2.

Field Methods:
a.

Collection and Preservation of Samples

Receiving Water Samples

Receiving water surface samples were collected and preserved as
described in the Part A baseline study.
b.

Sediment Samples

from~the

Disposal Site

Sediment samples were collected with a small, Petersen-type grab
sampler, and a clam grab sampler, stored in plastic bags, and refrigerated
at 4° C.
c.

Shrimp and Zooplankton Samples

Shrimp were collected in traps as described in Part A, Section VII,
and zooplankton tows were performed as described in Part A, Section V. Shrimp
were frozen and zooplankton preserved with formaldehyde before heavy metals
analysis.
3.

Methods of Analysis
a.

Receiving Water Samples

Following a preliminary chelation-extraction procedure developed by
the United States Geological Survey (Brown et ~~., 1970), analysis for receiving
water heavy metals was completed on a Perkin-Elmer model 305A atomic absorption
spectrophotometer.
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b.

Sediment Samples from the Disposal Site

Metals in sediment collected from the disposal site were extracted by
nitric acid-hydrogen peroxide digestion (Krishnamurty et ~., 1976). Analysis
was completed on the same Perkin-Elmer atomic absorption spectrophotometer as
used for receiving water samples.
c.

Shrimp and Zooplankton Samples

Shrimp and zooplankton were analyzed for heavy metals following
ashing of the samples and extraction with dilute nitric acid. The results are
expressed on a wet weight basis as mg of metal per kg of muscle tissue for
shrimp and as mg of metal per kg of whole organisms for zooplankton.
C.

Resul ts

Results of the analysis for concentrations of heavy metals in the receiving
water surface samples are presented in Table IV-l. Sediment metal concentrations
(Table IV-2) were summed together to yield "total sediment metals" as shown in
Figure IV-4. Heavy metal body burdens for shrimp and zooplankton are given in
Tables IV-3 and IV-4, respectively.
D.

Discussion
1.

Receiving Water Survey

Receiving water metals (Table IV-l), primarily zinc, are generally of the
same order of magnitude as the part A and B surface water samples (excluding the
disposal site). However, Stations 4 and 5 of the present investigations exhibit
zinc concentrations equal in magnitude to those observed at the designated dump
site (Station 2) during Part B studies. The reason for these relatively higher
concentrations is not clear and may have been due to sampling or analytical
error. These higher values do not appear to be the result of suspended sediment
from spoil disposal operations ending four months earlier. Also, the dissolution
of metals from deposited spoil as a probable cause of higher concentrations at
Stations 4 and 5 is not likely since dissolved metals would be "trapped" below
the thermocline, and even if they were able to reach surface waters they would be
more widely distributed as a result of the widespread distribution of deposited
dredge spoil on the bottom (refer to Section III. "Geology and Physical Oceanography" and discussion of spoil distribution below). Rather, the higher values
observed at Stations 4 and 5 appear to have been a localized phenomenon unrelated
to dredge spoil disposal. As such, further monitoring of post disposal surface
water quality is un1t/arranted at this time.
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2.

Disposa1 Site Sediments

Total metals concentrations for bottom grab samples are shown in Figure
IV-4. From these data it is apparent that the distribution of spoil derived
sediment is much more widespread than that observed during Part B disposal
monitor-i ng studi es. Whil e dumpi ng operati ons were confi ned to the southeastern
'corner of the study area, higher metal concentrations reflecting the presence
of dredge spoil were found in sediment grab samples throughout the eastern and
almost the entire western portions of the study site (Figure IV-4). Tidally
induced, osc"illatory bottom currents with a net transport in a westerly direction
are probably responsible for redistributing the deposited spoil over a wider
geographic area. Samples 25 and 26 are apparently different mineralogically
from study site sed"iments (Michael Allen, personal communication) and have
been excluded from all further discussion.
The trend of average total metals concentrations in sediments through
Parts A, B, and C of this study .is shown in Figure IV-5. For ease of discussion, the subscripts "S" and "NS" will be used to denote areas characterized
by spoil and no-spoil deposition, respectively. Thus A, BNS ' and CNS represent
areas where heavy metals data indicate no spoil accumulating, and BS (within a
0.5 mile radius of the designated dump site) and Cs represent areas of dredge
spoil deposition. Differences in the arithmetic means of total metals concentrations were tested using the t test for two independent samples which assumes
the true population standard deviations to be equal (i.e. °1 = 02) permitting a
"pooled" estimate of the sample variance to be calculated from the two sets of
data. Using this method, the differences in mean total metals concentrations
between BS and BNS ' and between Cs and CNS were significant (p<.05). This
result is expected and only lends credence to the delineation of spoil and
no-spoil areas for Parts Band C of this study. Comparison of the mean total
metals concentrations between A and BNS ' and between BNS and CNS reveals no
significant differences (p>0.05). This indicates that the baseline (Part A)
and no-spoil sediment concentrations have not changed significantly over the
course of this study. However, comparing the mean total metals concentrations
of BS and Cs reveals an increase (from 407 to 632 mg/ kg; Figure IV-5) which
is significant (although just barely, p~0.03). There are several possible
explanations for this apparent increase. First, the small sample size (N=4)
may have underestimated the true average total metals concentration for BS'

IV-14
Furthermore, while there is much concern for dredged materials releasing metals
and other pollutants to the water column (Keeley and Engler, 1974), the
poss"ibility of dissolved metals being removed by sediment and adding to the
total metals concentration of the sediment shoul~ not be overlooked (Bradford,
1976). Thus a second alternative explanation for the higher values of total
metals in Cs is that there is another source of metals in the sediments other
than dredge spoil. The basis for this alternative is that many of the individual
metal concentrations found in sediment from the study site (Table IV-2) are
higher than those in the dredge spoil itself (Part B; Table IV-9). This leads
to speculation as to other possible sources of heavy metals. Sewage from the
City and County of Honolulu's Sand Island Sewage Treatment Plant has been
mentioned in the Part B report as a possible factor in adding suspended matter
and nutrients below the level of the thermocline. Sewage could also possibly
add significant amounts of heavy metals to the water which could increase
sediment metals either directly, through deposition of solids, or indirectly,
by making dissolved metals available for absorption to already deposited
sediment. While it has been shown that treated sewage effluent contains only
small concentrations of heavy metals (Nomura and Young, 1974), with most of the
metals being removed with sludges in primary treatment and further removal
occurring through biological uptake in secondary treatment, the raw sewage being
discharged by the Sand Island Sewage Treatment Plant contains both liquid and
solid components, and therefore, the bulk of its original metal content.
3.

Heavy Metal Body Burdens in Shrimp and Zooplankton

The heavy metal body burdens of shrimp (Heterocarpus ensifer) collected
from the study area are presented in Table IV-3. As in the Part B monitoring
studies, copper and zinc were the only metals detected with the analytical
methods employed. Again, there seemed little difference between shrimp collected
from the dump site (Set 7) and from the "control" station (Set 8). There was
also no evidence to suggest that bioconcentration of metals was occurring at the
dump site. Unfortunately, as noted above, the con trol" station was not without
the influence of dredge spoil material.
II

Results of heavy metals analysis of preserved zooplankton samples are shown
in Table IV-4. Comparative data from samples collected during Parts A and B
are also fncluded. Samples were either whole or split (aliquoted), with the
exception of one sample (June 15, 1977) which was handpicked and consisted
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entirely of chaetognaths. Preliminary examination of the data revealed an
apparent bioconcentration of metals, with higher concentrations appearing in
samples collected during the present study. However, closer examination
revealed the actual reason for this observation. Split or handpicked samples
(Parts A and B) are an order of magnitude lower in total metals concentrations
than whole samples (Part C). Furthermore, Part C whole samples would be expected
to contain appreciably more suspended metals due to the abundance of non-living
suspended matter presumably introduced by the diversion of the Sand Island sewage
treatment plant effluent to a new deep ocean outfall, ca. December 1976. Therefore, whole samples contained a large fraction of non-living suspended matter
which could not be physically separated from living material (i.e. zooplankton)
except by handpicking or to a lesser extent by splitting of samples. It is
interesting to note that the one handpicked sample containing only chaetognaths,
a higher order carnivore, contained the lowest concentration of total metals
of all the samples examined. Thus, bioconcentration of heavy metals by
zooplankton, either temporally or through trophic levels, could not be documented
in this study without expedient methods to physically separate non-living and
living components.
E.

Summary

1.
Receiving water samples were collected and analyzed for heavy metals.
Only surface samples were collected and processed since results from the earlier
Part B monitoring study indicate that the effects of dredge spoil disposal on
the quality of the water column are relatively short lived. The only possible
exception appeared to be heavy metals in surface samples. However, examination
of data collected in the present study reveals that concentrations of heavy
metals at the disposal site (Station 2) are as low or lower than those found
at nearby stations.
2.
The distribution of sediment metals indicates a more widespread distribution of spoil material on the bottom since the conclusion of Part B monitoring studies. Spoil derived material was found as far as two miles to the west
of the designated disposal site. Tidally induced, oscillatory bottom currents
are primarily responsible for redistributing spoil material on the bottom.
It is expected that further dispersion and dilution of deposited spoil material
will occur in the future. Bottom sediment from areas characterized by spoil
deposition showed a marked increase in mean total metals concentrations (632 mg/~g)
over Part B studies (407 mg/kg) dry weight. Sewage from the Sand Island sewage
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treatment plant could be another significant source of metals to bottom sediments
at the study site.
3.
Examination of body burdens in shrimp (Heterocarpus ensifer) and
zooplankton samples reveals no evidence of bioconcentration of heavy metals
occurring at this time. Examination of zooplankton samples collected in the
present study was complicated by the presence of a large fraction of suspended
matter which is bel iev.ed to be sewage from the Sand Island outfall, Honolulu.
F.
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A.

Objectives

The zooplankton community is an integral link in the marine food chain,
supporting populations of many commercial and sport fishes. In addition,
larger marine animals often have zooplanktonic larval forms. Dredge spoil
disposal was anticipated to affect the zooplankton in the disposal area through
possible effects of suspended particles on feeding and respiration and elutriated
heavy metals from deposited spoil. Part A of this study obtained baseline
population sizes of zooplankton in the disposal area before dumping and
recommended a specific dump site in the southeast corner of the disposal area.
Part B monitored the dredge spoil disposal and looked for immediate effects
of suspended sediment on the zooplankton (Chave and Miller, 1977). The
objectives of the present Part C study were twofold: Determination of the
short-term response of the zooplankton cOlTTnunity to decreasi ng loads of
suspended sediment in the water column, and investigation of long-term effects
of heavy-metal elutriates from deposited spoil.
B.

Methods

The Part C zooplankton sampling required a different sampling schedule
than the other phases of the Part C study. Since the zooplankton community
was anticipated to respond to rapidly-diminishing quantities of suspended
dredge spoil over a period of days to weeks, it was essential to begin the
Part C zooplankton sampling immediately after cessation of dumping. Thus, much
of the Part C zooplankton sampling was done during the latter stages of the
Part B study. The ef.fects of elutriates from deposited dredge spoil were
anticipated to appear over a period of months; samples for heavy metals
analysis were collected during the regular Part C cruises.
To investigate the short-term response of the zooplankton to cessation of
dumping, a series of eight tows Vias taken the night of June 15-16,1977, two
weeks after dumping stopped (Table V-l, Figure V-l), and a series of nine tows
was taken the night of July 15-16, 1977, six weeks after dumping stopped (Table
V-2, Figure V-2). These tows were oblique tows with a l-meter conical plankton
net of 333~ mesh, as in the previous two parts of the study. Maximum depths
as determined by a Benthos time-depth recorder were approximately 60-80 fathoms
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Table V-l.
Tow
Number

Plankton tows, June 15-16, 1977

Time
2112-2130
2205-2216
2.235-2248
2305-2317
2338-2351
0006-0018
0035-0047
01 07 -0140

11

12
13
14
15
16
17
18

Table V-2.

Duration
(min)
18
11
13

12
13
12
12
33

Depth
( fm)
60
65
70
65
80
80
75
155

Volume
Filtered (m 3 )
838
552
615
580
581
682
424
1461

Plankton tows, July 15-16, .1977

Tow
Number

Time

19
20
21
22
23
24
25
26
27

2202-2208
2231-2243
2305-2315
2332-2342
0002-0025
011 0-0119
0145-0154
0210-0221
0242-0309

Duration
(min)
4
12
10
10
23
9
9
11
27

Depth
(frn)

15
70
75
70
180
75
75
70
190

Volume
Filtered (m 3 )
132
287
232
254
531
278
303
278
633
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(110-150 m), except for the abortive tow no. 19, which sampled to only 15 fm
(30 m), and tows no. 18, 23, and 27, which sampled down to 155-190 fm (285-350 m)
to check on the abundance of the deeper zooplankton.
Two sets of zooplankton samples for heavy metals analysis were planned at
three and six months after cessation of dumping. Sampling gear and methods
were as described above. The three-month samples were collected on September
13, 1977 (Table V-3, Figure V-3). Maximum depths were estimated from the
amount of wire paid out and its angle with the sea surface and ranged from
120 to 140 fm (215-260 m). The six-month samples were collected on December 8,
1977 (Table V-4, Figure v-a); maximum depths were again estimated from wire
angle and ranged from 155 to 165 fm (280-305 m).
Zooplankton samples from all the tows were preserved in 5 per cent formalin,
and aliquots from each June and July sample were sorted into major taxa and
counted. In order to estimate seasonal effects on zooplankton numbers, three
samples each from the September and December tows (nos. 1-3 and 7-9) were also
counted. The raw counts were converted into numbers per square meter of sea
surface as in the Part A and Part B reports (Maynard et~., 1975).
A series of preserved zooplankton samples from the Part A and Part B
studies and the September and December collections of this study were selected
for heavy metals analysis. To check for possible bioconcentration of metals
in the higher trophic levels of the food chain, all the chaetognaths (an
important zooplanktonic carnivore) were sorted out of a sample from the Part B
study. Analysis of the heavy metals in the zooplankton was performed by
Alvin Char. and the resul ts are presented in Part IV of this report.
C.

Resul ts

The composition of the zooplankton community sampled by the plankton tows
is presented as numbers per square meter of sea surface and as percentages of
the whole sample in Tables V-5 through V-10. As before. copepods were the
dominant group, comprising about 50 to 70 per cent of the total sample.
Ostracods were also moderately abundant. as were the euphausiids in June and
September. Tow no. 27, a deep tow in July, took large numbers of ostracods,
more than 20 per cent of the sample. The other crustacea category, made up
mostly of crab and decapod shrimp larvae, comprised up to 12 per cent of some
of the July samples. A larval bivalve was extremely abundant in the December
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Table V-3.

Pl ankton tows. September 13. 1977

Tow
Number

Time

2
3
4
5
6

1930-1951
2005-2025
2042-2102
2120-2138
2202-2221
2234-2252

Table V-4.

Duration
(min)
21
20
20
18
19
18

Depth
(fm)
120
140
140
125
140
140

Volume
Filtered (m 3)
616
627
594
538
564
570

Plankton tows, December 8, 1977

Tow
Number

Time

7
8
9
10
11
12

1907-1925
1937-1955
2022-2037
2045-2102
2108-2126
2133-2150

Duration
(mi n)
18
18
15
17
18
17

Depth
(fm)
155
155
155
165
155
165

Volume
Fi ltered (m 3 )
722
667
623
692
742
652
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Zooplankton composition, July 15-16, 1977 .
sea surface.

Table V-7.

Copepods
Ostracods
Amphipods
Euphausiids
Other Crustacea
Molluscs
Siphonophore
Fragments
Chaetognaths
Larvaceans
Other Jelly
Larval Fi shes

Table V-B.

Numbers per m2 of
26

27

19
3,04()
91
36
163
508
127

20
12,300
349
279
593
1,400
523

21
11,600
512
326
652
2,370
1,910

22
13,400
696
287
410
1.470
983

2,3
11,900
1,190
397
397
1,290
497

24
9,180
661
423
272
311
505

25
9,610
1,400
480
517
813
370

127

523

605

369

596

233

444

374

703

100
118
163
0

672
1.010
453
35

512
885
466
47

532
1.430
328
205

894
397
199
0

544
272
233
0

333
148
407
0

75
899
674
225

442
44
1.020
44

9,660 12,800
1,800 4,950
225
442
749
885
674 1.420
599
265

Zooplankton composition, July 15-16,1977. Pe.r cent of total sample.

Copepods
Ostracods
Amphipods
Euphausiids
Other Crustacea
Jo1011uscs
Sipoonophore
Fragr.:ents
Chaetognaths
larvaceansOther Jelly
Larval Fishes

19
68.0
6.9
1.0
3.7
11.4
2.8

20
67.1
1.9
1.5
3.2
7.6
2.9

21
58.3
2.6
1.6
3.3
11.9
9.6

22
66.6
3.5
1.4
2.0
1.3
4.9

~

2.8

2.9

3.0

1.8

2~2

4.8
5.5
2.5
0.2

2.6
4.4
2.3
'0.2

2.6
7.1
1.6
1.0

2.6
3.7
0.0

~

25

72.6
5.2
3.4
2.2
2.5
4.0

66.2
9.7
3.3
3.6
5.6
2.5

3.4

1.8

5.0
2.2
1.1
0.0

4.3
2.2
1.8
0.0

67.0
6.7
2.2
2.2
7.3
2.8

26
27
, -55.7
60.6

3.8

21.5
1.9
3.8
6.1
1.2

3.1

2.3

3.1

2.3
1.0
2.8
0.0

0.5
5.6
4.2
1.4

1.9
0.2
4.4
0.2

11.3
1.4
4.7
~.2
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samples, when the molluscs made up 15 to 20 per cent of the community. Larvaceans, which had been extremely abundant in the Part B samples, were much less
numerous in the Parte samples, although their numbers remained greater than in
the Part A samples.
Tows over the dump site in June and July were compared with tows made in a
control area in the southwest corner of the disposal area, and the relatively
shallow normal tows (60-80 fm maximum depth) were compared with the deeper
tows (155-190 fm maximum depth) made at the same time (Table V-ll). Many of
these comparisons showed statistically significant differences (t test, p<0.05),
but not in a consistent direction. For example, most of the zooplankton groups
averaged greater numbers in the control tows than in the dump site tows in June,
but the reverse was true in July. The deep tow at the control site in July
took larger numbers of most groups than the corresponding shallow tows, but the
opposite was true at the dump site. Larger numbers of animals in deep oblique
tows ofte~ mean substantial populations living below the maximum depth of shallow
oblique tows. In this.case, however, it appears more likely that there were no
significant differences between the shallow and deep tows or between the dump site
and control tows, and that the observed differences were merely due to zooplankton
patchiness.
D.

Discussion

Because of the heavy contamination of the Part B samples with sewage, the
maximum depths of most June and July tows were limited to about 80 fm (150 m),
as the sewage appeared to have been present only in the thermocline. No sewage
was found in these samples, and none was found in the accompanying deep tows,
which were intended to insure sampling the entire zooplankton corrrnunity with a
minimum of equipment fouling by sewage. As a result, the September and
December tows resumed sampling the lower thermocline down to about 190 fm (350 m),
again without encountering sewage. The December tows were made during a period
of kona weather similar to the conditions prevailing during the Part B sampling.
Evidently kona conditions alone were insufficient to permit an influx of sewage
into the disposal area.
The results of studies of water chemistry and sediment behavior presented
in other sections of this report indicate that some dredge spoil material has
been dispersed westward from the dump site. An unfortunate result of this
westward movement is that the area chosen as a control in this zooplankton study
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may have also been affected by dredge spoil disposal, thus accounting for the
lack of consistent differences between study and control populations reported
in Table V-ll. The control area was chosen to have approximately the same
water depth and distance from shore as the dump site. It was considered
undesirable to locate the control area east of the dump site because of the
proximity of the Sand Island sewage outfall. West of the di sposa 1 area, the
bottom becomes shallower, so that the control area would have to have been
considerably farther from shore than the dump site, raising the possibility
of a more open-ocean zooplankton community. The area chosen was as far as
practicable from the dump site, but it appears that it may not have been
totally free from dredge spoil effects.
The Part B study compared a series of samples taken during dumping at a
temporary site with samples taken at the usual site. At the time, I thought
the samples at the usual site represented conditions two days after cessation
of dumping, and my Part B report and Pre-Final Part C report reflected this
view. However, dumping had actually been halted for only twelve hours at the
usual site, probably not long enough for the zooplankton to respond. Thus the
differences between zoo.plankton populations at the two sites probably reflected
the different locations rather than an initial response to cessation of dumping,
as I had first believed.
The most striking result of the Part B sampling was the large increase
in zooplankton numbers over those found in the Part A baseline study_ The
Part B study considered the effects of seasonality, dredge spoil disposal, and
kona weather on the zooplankton community and concluded that the most important
of these effects was that. of the kana weather. Figure V-4 compares the
results of the first two studies with those of the present study for five
important zooplankton groups: copepods, ostracods, euphausiids, chaetognaths,
and larvaceans. Note that neither axis of the graph is linear. Only the
ostracods displayed population changes of a sort that might represent a reaction
to dredge spoil, in this case an increase in numbers during dumping followed
by a decline to an approximately constant population size within about two
weeks after cessation of dumping. Except for the copepods, which reached a
maximum population size in the September samples, these groups showed a
population increase during dumping followed by a moderate decline through the
Part C sampling, with numbers in December, 1977 still considerably higher than
in the July, 1976 baseline samples.
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The population trends observed in Figure V-4 undoubtedly reflect some
seasonal variations in population sizes. Some groups not plotted in this figure,
such as the mollusts and other crustacea, include variations due to introduction
of meroplanktonic larval stages. Because the Part A samples were collected in
May and the Part B samples were collected in July, an attempt was made in the
Part B report to use the results of previous zooplankton studies in Hawaiian
waters to estimate the importance of seasonality on the observed population
increase. The present study includes July samples taken six weeks after dumping
stopped. The large difference between the zooplankton numbers observed in July,
1976 and July, 1977 reaffirm the conclusion of the Part B report that seasonality
alone cannot explain the difference.
The results of the December sampling, six months after cessation of dumping,
raise doubts about the conclusion of the Part B report as to the importance of
kona weather during the May sampling period in ihcreasing zooplankton numbers.
Kona weather preva 11 ed duri ng samp 1i ng in December as i n ~lay, yet the numbers
of most zooplankton groups were much lower in December than in May. A more
detailed examination of the weather conditions in the days prior to sampling
suggests that rainfall associated with the kona weather was the critical factor
in increasing the zooplankton populations. In the first week of December,
winds were consistently southerly, but there was heavy rainfall only on
December'3 before the sampling on [)ecember 8. In May, kona winds began on
t~ay 10, and there was heavy rainfall during r~ay 10-14 before the sampling on
May 18. Stream runoff adds nutrients from the land and stimulates phytoplankton
productivity, leading to an increase in zooplankton (the "island mass" effect:
Ooty and Oguri, 1956). Gilmartin and Revelante (1974) showed that the
effects of stream runoff normally extend only about 1 km offshore under trade
wind conditions., Current measurements off the southern coast of Oahu suggest
that water remains almost stationary during kona weather (DPW-Honolulu, 1972:
Figure 12); land-derived nutrients might not disperse rapidly under these
conditions and increased primary productivity might extend farther offshore.
Increased stream runoff and the other effects of kona weather postulated in
the Part B report should have been much less marked in December, presumably
explaining why the December zooplankton population size did not increase.
The most surprising result of the Part C study was the failure of the
zooplankton populations to return to the vicinity of their baseline values.
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While a number of effects of dredge spoil disposal could be hypothesized that
would lead to a prolonged depression of zooplankton population sizes, it is
difficult to imagine an effect producing a prolonged increase in the zooplankton.
Any nutrients released from the deposited dredge spoil would be prevented by
the thermocline from increasing the productivity of the euphotic zone in the
disposal area. The most likely cause of increased productivity in the disposal
area is the Sand Island sewage outfall. which was relocated between the Part A
and Part B studies. The new outfall is considerably farther offshore and nearer
the disposal area than the old outfall, and though it is deeper than the old
outfall (40 fm vs. 5 fm), the sewage is still discharged into the mixed layer
above the thermocline under usual conditions (DPW-Honolulu, 1972). While
movement of the sewage is normally offshore, enough of it may remain in the
vicinity of the disposal area to account for the increase in zooplankton productivity. The many diatom frustules found by E.H. Chave in the Part C sediment
samples (Section VI) indi cate that primary product; vity has increased in the
disposal area. Hhether or not this explanation is correct, it seems clear
that dredge spoil disposal cannot be responsible for the changed conditions.
E.

Summary

1.
Most zooplankton groups decreased in abundance from the high values
observed in the Part B studies during the first six months after cessation of
dumping, ~Mth most of the decrease occurring in the first two weeks. Populatioll
sizes remained substantially higher than during the Part A baseline sampling.
The failure of zooplankton numbers to return to their baseline values
2.
seems to be due to increased nutrient input to the disposal area from the
relocated Sand Island sewage outfall and not to any effect of the deposited
dredge spoil.

F.
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A.

Objecti ves

The evaluation of the effects of dredge spoil disposal on the deep. nearshore benthic biological community has been a primary objective of this project.
The first phase (Part A) of the study dealt with the collection and establishment of baseline data with special emphasis on the foraminiferan and
micromolluscan assemblages (Chave and Miller. 1977: Parts A and B). The
second phase (Part B) of the study examined the immediate and short-term
effects of dumping on the benthic fauna. The basic objective of the Benthic
Biology study during Part C was to determine the long range effects of dredge
spoil on benthic fauna at tile Pearl Harbor disposal area and its surroundings.
The specific objectives accomplished in this part of the survey were:

B.

1.

Quantitative analyses of fecal pellets and other dredge spoil
tracer species obtained in grab samples.

2.

Quantitative and qualitative comparisons of the benthic micromollusks and foraminifera in grab samples obtained from the
original baseline stations (Part A) in 1976 with samples taken
at these same stations during this part of the study.

3.

Examination of living, non-commercial macrofauna
the disposal area.

in and around

Methods

Samples were taken in September, October, and December 1977 by the research
vessels Machias and El Greco.
1.

Field Methods

Samples for micromollusks and foraminifera were obtained using a Petersen
grab sampler and a rotary clam grab sampler. Cobbles were removed from the
samples, examined and placed in alcohol to preserve living material. All grab
samples were infused with rose bengal to stain living tissue.
All 18 of the September 1976 stations were resampled in September 1977. The
Part C stations (1977) are paired with corresponding Part A stations (1976) in
Figure VI-l. Differences in station location between years was due to the ship's
drift from the 1976 station locations during sampling. Of the 18 paired stations.
17 yielded soft sediment samples during both years. Of these, 12 station pairs
were examined. The 1976 stations Cl, C4. G5, G6, G8 were very small samples used
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in micromollusk analysis only (Appendix 1). Station G16 contained rocks in 1976.
Bottom type and macrofauna were observed in pictures obtained from a photo line
taken in December 1977. For comparison purposes, this December line and the
previous photo lines are shown in Figures VI-2 and -3. The method of obtaining
the Part C photos is described by Allen (Part C, Section III). Macrofauna was
collected in September and December 1977 by trapping as described by Chave (Part
B, Section VI I) .
2.

Laboratory Methods

a.
Foraminifera and Sediments
The sediment samples were washed and sieved to remove the mud fraction
«0.062 mm). They were then dried, and 25 ml of each sample was split into 1 ml
aliquots and examined. Some of the samples were smaller than 25 ml, but all
contained sufficient material for comparative studies. The samples were divided
into a coarse fraction (>2 mm) and a fine fraction (between 0.062 and 2 mm),
All soft sediment samples were examined for fecal pellets and tracer species
(see Part B, Section VI for definitions of pellets and tracer species). The
abundance of two species of foramini fera was checked. The ori gin of sediment
grains and degree of wearing of the grains was also examined (see Part A,
.Section VI for a description of methods).
Intact foraminifera from the 12 paired stations were counted and expressed in number/ml sediment. Benthic forams were identified to species
whenever possible.
The following references were used for foraminifera identification
and origin: Barker (1960), Bell (1976), Coulbourn and Resig (1975), Cushman
(1932-1942), Ellis and Messina (1940+), Loeblich and Tappan (1961), and Resig
(1969) .
b.

Living Microfauna (other than micromollusks)

All stained organisms in the grab samples were sorted, counted,
identified, and expressed in numbers per m1 of sediment. Animals attached to
cobbles or gravel were measured and expressed in percent cover of rock surfaces.
c.

Micromollusks

1'1icromollusks in the grab samples were analyzed by E.A. Kay and
are discussed in Appendix 1.
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d.

t1acrofauna

Large benthic organisms caught in traps or seen on the photo line
were identified and expressed in numbers per trap or number per photo.
C.

Resul ts
1.

Fecal: Pellets and Dredge Spoil Tracer Species

Figure VI-4 shows the location and abundance of pellets and tracer species.
The main concentration of this material has remained at the dump site (Station 20)
with a lesser amount located in two areas, Stations 21 and 34, and Stations 4
and 32. Small numbers of pellets occurred in the two areas surrounding the
stations of heaviest concentration. Station 35 near the dump site contained a
coral cobble with attached large tracer species. Station 25, 1 mile southwest,
and Station 26, ~ mile southwest of Station 27, shown on Figure 111-1. did not
contain pellets or tracer species.
2.

Foraminifera in Paired (1976-1977) Stations

Appendix 2 lists the benthic foraminifera found in the Pearl Harbor dredge
spoil. ~tsposal area for the 12 paired 1976-1977 September stations studied.
Part of Table V1-l was constructed from this appendix. Appendix 3 lists a
series of rare foraminifera species found only in trace quantities.
In the Pearl Harbor dredge spoil disposal area during 1976 and 1977,
there were 22 common to abundant foraminifera with living representatives in
at least one sample (Table VI ... l). Six species (Ammobaculites~, Amphisorus
hemptrichii, Biloculinella globula, Cylindroclavu1.ina brady;, Nubeculina
divaricata and Robulus calcar) were taken in large numbers in predisposal
samples. although a few specimens were also observed in postdisposal samples.
Eight species (Anomalina colligera, Bueningia creek;, Gaudryina quadrangularis,
Lenticulina suborbicularis, Miliolinella circularis, Quinqueloculina bicarinata,
.!h. poeyana, and Trilocl.llina oblonga) were observed in large numbers in
postdisposal samples. The most abundant species was Ci cides lobatulus.which
was common in hal f of the stati ons examined.
A total of 196 species were found. 34 in predisposal samples only, 25 in
postdisposal samples, and 137 in both sets of samples. The lowest numbers of
foram species occurring in both sets of samples per station pair were at the
dump site, station pair 20-G10 (9 per cent) and at station pair 21-Gll (12 percent).
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Station pairs 5-C3, 19-G19, and 32-G13 shared 20, 28, and 30 per cent of the
species, respectively. The rest of the station pairs shared from 46 to 85
per cent of the foram species.
3,

Foraminifera and Sediments - All Stations

An analysis of Table VI-l, the photo line (Figure VI-2), and the degree to
which the sediment grains were worn or broken yielded the results shown in
Figures VI-5 and VI-6 .. A large fraction of worn and polished sediments was
present in three areas (Figure VI-5). In between these areas sediments "Jere
unworn. This is reflected in the distribution of two foraminifera species,
Cibicides lobatulus and f. refulgens. f. refulgens has a test more resistant
to breakage than f. lobatulus (Figure VI-6).
Pl anktoni c forami nifera were extreme ly abundant in deep water sediments.
Essentially all forams in shallow water were benthic. The samples below the
200 fm contour in unworn sediments conta"j ned 1ess than 40 per cent benthi c
species and more than 60 percent planktonic species. Above 200 fathoms~ all
stations contained more than 40 percent benthic and less than 60 percent
pl anktoni c species. All uns table (worn) s tati on sediments contained more than
40 percent benthic species. On the basis of the infonnation available. it is
uncertain whether these values are significant in the stable areas. In
unstable areas, the more delicate planktonic forams were mostly broken,
possibly skewing the benthic/planktonic ratio.
4.

Living

~1icrofauna

Living specimens of all foram species listed in Table VI-l were observed
in the samples (0.46/ml sediment). Polychaete worms comprised 0.032/ml of
sediment. These two taxa were the most abundant forms in the sediment.
Rocks were covered with about 1 per cent living animals including forams
(Carpenteria, Miniacina, Homotrema spp.), bryozoans and sponges, small crabs,
and ophiuroids.
At several stations at and northwest of the dump site, a large number of
diatom skeletons were found, indicating that there had been a phytoplankton
bloom during or after dumping. This bloom may have accounted for the large
amount of zooplankton observed by Walters (Figure V-4).
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The phytaplanktan papulatian may have been influenced either by nutrients
in the spail ar the influx af the sewer effluent to. the water calumn.
5.

Living Nancammercial Macrafauna

Ta~le

VI-2 shaws the results af macrafaunal studies in 1977 and campares
them with the 1976 baseline survey. Camparative results will be discussed in
Sect ian VI-D.
Sea pens (pennatulids) were the mast camman animals alang the 1977 phata
line (Figure VI-7). Juvenile whip carals and II stick ll carals were the next
mast abundant (Figures VI-8 and VI-g). The twa latter arganisms were faund in
highest cancentratians in the dredge spail area araund the dump site. Same
excellent claseup phatas were abtained alang this phata line and included fishes,
Caelarhynchus and Chaunax (Figures VI-10, 11), a squid and the shrimp, Heteracarpus
ensifer ane mile east (Figure VI-12). See Figure VI-2 far the lacatian af these
phatagraphs. Figures VI-9 and VI-12 were taken from phatas alang the line east
af the dispasal area and are nat shawn -in Figure VI-2. They are, hawever, the
best phatagraphic examples af stick caral and Heteracarpus ensifer which did
accur in the study area.

D.

Camparisan af Results and Discussian

CompClri sans amang the basel i ne survey, mani tari ng survey, and lang term
effects survey after the dumping af dredge spail had ceased have yielded same
interesting infarmatian regarding recavery af the benthic cammunity in the
Pearl Harbar dredge spail dispasal area.
1.

Fate af the Dredge Spa; 1

Except far the dump site, and Statians 4, 21, 29, 32, 34, and 60, the
number af pellets and small tracer species in almast all samples abtained in
September thraugh December 1977 has decreased by a factar af 10 fram the
number caunted in samples taken during spail dispasal in April and May 1977
(campare Figures VI-4 and VI-13). The area cantaining pellets and tracer
species naw has been reduced to. hal f. Further reductians in area are apparent
when samples af <100 pellets are cansidered.
The bialagical results (Figure VI-4) agree with the mineralagical studies
by Allen (Figure III-10) far twa-thirds af the statians .. The differences

Figure VI-7.

Photo 16:54: 29, 238 fm . See Figure
VI- 2. Sea pens located near the
dump site.

Figure VI-8.

Photo 16:44:59, 22 5 fm. See Fi gure
VI-2. Whip corals and a sea cu cumber
near the dump site.

<
I
~

Figur ~

VI-9.

Photo 17:01 :12, immediately east of
the study area, 240 fm. See Figure
VI-2. A "stick" coral in the foreground.

Figure VI-10.

Photo 16:40:24, 220 f~ . See Figure
VI-2. A clear water angler fish
(Chaunax ) near the dump site. A
rock i s obs curing its pelvic fin s .
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between our summary figures are attributable either to differences in our
methods (six stations) or to which of us analyzed the very small samples
(four stations). Stations 31 and 4·1, which Allen did not study, lacked pellets
and tracer species. Station 32, not studied by Allen, contained indications of
dredge spoil although pellets and tracer species were absent. Stations 6, 7,
10, and 52 were found by X-ray mineralogy to contain dredge spoil but lacked
pellets or tracer species, Stations 29 and 61 the reverse. Allen and I found
rusty material and shelis at Stations 2 and 18. Both of us felt that this
might have been predisposal material; Allen included these in his dredge spoil
area, I di d not.
My findings suggest that the dredge spoil has probably drifted in a
northwesterly direction from the original dump site and in a westerly
direction from Station J2. (Compare Figures VI-4 and VI-13.)
2.

Compari son of Stati on Pai rs

~

Popul ati on Recovery of Forami nifera

Comparison of 12 paired September 1976-1977 stations indicate both
similarities and differences in their foraminifera assemblages. The differences
are in part due to sampling~ since the compared stations were not exactly in the
same spot, and consequently paired stations may have had different substrate
composi ti ons and were at s 1i ghtly different depths (see Table VI-l). Differences
were also attributable to shifting of soft sediments and dredge spoil.
Despite sampling differences, of the 196 species of forams recorded during
the three phases of this study, 137 were found in both pre- and postdisposal
site samples, and 59 species were restricted to either one or the other. This
plus the fact that the predisposal samples of station pairs contained only
nine more species than postdisposal station pairs seems to indicate that the
area is recovering. The area that shows the least recovery ;s at the dump site
(Station 20 had 17 fewer species than its 1976 counterpart, Station G10) and
at Station 33 near th~ alternate dump site J2 (Station 33 had 14 fewer species
than its 1976 counterpart, Station C2). The greatest recovery is at Station 19,
which has 15 more foram species than its counterpart Station G19 . Station pairs
21-Gll and 8-G12 showed this same trend. Stations 21 and Gll, however, had only
12 percent of their speties in common, indicating that a number of new species
were recruited. Of the new species, 9 out of 12 were shallow water lagoon or
reef fonns (Coulbourn and Resig, 1975, and Resig, 1969). This was not the case
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for Station pair 8-G12, where several resident species entered the area in 1977.
The rest of the stations had approximately identical numbers of species and
shared from 46 to 85 percent of the same species. This indicates, for benthic
foraminifera at least, that the postdisposal area is recovering except at the
dump sites.
3.

Stability of Sediments and Dredge Spoil

Comparison of the photo lines and grab samples from 1976 and 1977 indicates
that the unstable and stable sediments have shifted somewhat during the year.
(Compare Figures VI-3 and VI-5.) There is still a large unstable area between
the two stable portions. The stable areas on Figure VI-5 appear to be similar
to the dredge spoil distribution map (Figure VI-4). It appears that when the
spo"il moves into the unstable areas the biological fraction is worn by sand
movement. and other materials are carried down or up slope depending on tidal
action. This central unstable area seems to account for the areas of dredge
spoil charted in Figures III-10, IV-4 and VI-4.
Analyses of the 1977 photo line data shows rippled sand in the unstable
areas and smooth sand, boulders, rubble and debris in the stable areas.
4.

Living fvlicrofauna

Almost all microfauna lives in the top two millimeters of sediment. Samples
obtained in the area by the Petersen grab and rotary clam grab were small,
predominantly surface s~]ples and therefore contained a high percentage of
living animals. The volume of the samples in the 1976 collections tended to be
much greater, and consequently the surface layer with its assemblage of live
fauna was more diluted than in the 1977 samples. This probably accounts for
the greater number per milliliter of living polychaete worms and foraminifera
in the 1977 samples. Despite the sample size differences, live animals were
found at all stations including the dump site. However, since the number of
live animals per station is correlated with the size of the sample obtained,
further ana lysi s was not justi fi ed.
The coverage of live encrusting forms on rocks, however, was definitely
lower in the 1977 samples, since many of the rocks examined and included in
the analysis were "in dredge spoil areas. Some of the living animals may have
been smothered, and some of the rocks were from Pearl Harbor, on which deepwater encrusting animals had only recently settled.
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5.

Living Noncommercial Macrofauna

Tab 1e VI-2 compares the macrofauna obtai ned in traps and observed in the
1976 and December 1977 photos.
Trapped noncommercial macrofauna differed considerably between the two
years, probably o\'Jing to the differences of location of the sets.
in 1976

For example,

the shrimp 'pandalus (Plesionika) martius was taken in water shallower

than 200 fm (see Part A, Section VII, Set 1, Figure VU-2).

It was never

taken in the spoi 1 monitoring or recovery studies probably because all sets
were pl aced at 230 fm, whi ch was deeper than the known depth range for this
shrimp.

(Clarke, 1972; Strusaker and Aasted, 1974.)

Al though three sets of the bottom photographs were taken at di fferent
times of year

and were not exactly in the same location, they yielded more

information about the nonc~~mercial macrofauna than the traps.
There were a number of similarities between the 1976 and December 1977
photo lines.
the lines.

First, there were a great number of "man-made artifacts" along
t~any

of these may have come from passing ships or from previous

dumping in the area prior to 1977.
occurred in stable areas.
the photos.

Second, the major part of the fauna

Third, sea, pens were the most common an"imals in

Fourth, compared to shallow water areas, the bi omass was very

low (Parts A and B).
The most interesting difference between photos of the baseline and
recovery phases of the work was an increase by 80 per cent in the numbers of
the whip coral Lepidisis in 1977.

All these corals

and were located around but not at the dump site.

a~peared

to be quite young

This difference does not

appear to be attributable to differences in the 1976 and December 1977 photo
line locations, since a few very small whip corals were seen in the July 1977
photo lines, also in the region of the dump site.

The other faunal variations

between areas appears to be a functi on of how close the camera was to the
bottom and the amount of hard substrate (boulders. artifacts, etc.) encountered.
E.

Summary and Recommendations
Al though there are several di fferences between the basel ine and present

studies, it appears that dumping of dredge spoil has only severely affected
the benthic biota at the dump site itself.
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In December of 1977. pellets and Pearl Harbor tracer species were present
in

t\'IO

areas, one to the \-lest of the al ternate dump site (Station J2, Figul-e

VI-13) and one to the north\vest of the dump site (Station 20).

Explanations

to account for this observed distribution include th2 suggestion that the region
between the two dredge spoil areas is unstable and the spoil material has
become too worn for recognition or has been moved out of the area.
The number of pellets decreased by a factor of ten from the Part B
samples in most of the stations, and the area containing pellets and tracer
species is much smaller than immediately after dumping.
Analysis of paired 1976 and 1977 stations indicates that differences
betHeen them may be due to slight variations in s-tation location and to.shifting of
sediments and dredg2 spoil. !h.~ f()raminif~ra population in ~he ar~a appears
to be recovering except qt the d~mp site. Liying foraminifera and polychaetes
.

.

.

were present in al,l
12 paired stations.
,
of \'lhip corals from 1976.

There !;las !in increase in the number

These corals \-Jere located on either side of the

dump site and N2re young animals.
Based on benthic biol.ogica1

studies~

confined to the specific dump site,

:it is recommended that dumping be

21015.9'i~, 15r56.71~1.

It is further

suggested that dumping not be conducted above the 200 fm contour line since
ti dal action and \'lesterly currents may spread the materi al shoreward out of the
studied area.

Dumping material in the unstable area (e.g., at Station 18)

mi ght tend to spread materi al faster, but it is not clear \-Jhether the material
\'JQuld be carried shoreward or a\vay from the site.
F.

. Acknm·Jledgements
I

~"i sh

to thank James Andre\'Js of the lP-partment of Oceanography, Uni vers ity.

of HaHaii, for making his photographs of the Pearl Harbor dredge spoil disposal
a.rea avai 1 ab le to us.

Greatly appreci ated is the sci enti fi c advi ce of Johanna

Resig (Geology, University of Hawaii-ForaminiferaL Katie t·lusik (Invertebrate
Section-Smithsonian Institution-Corals) and Ann Fielding (Invertebrate Section
Bishop !·1useum-Crustaceans).

I also \'Jish to thank Philip Papish for sorting

the forams and the personnel of the· R/V nachias and R/V

I l Greco.

VI-22
G.

Literature Cited

Barker, R.U. > 1960. Taxonomic notes of the species figured by H.B. Brady in
his report on the foramini fera dredged by the Hr.1S
all
r during the
years 1873-1876. Soc. Econ. Paleo. and Mineral.
. 9:1-238.
i:\ell, J.A., 1976. Benthonic Foramin-ifera of Kaneohe Bay.
Uni versi ty of Hawai i .

N.S. Thesis.

.
Chave, K.E. and J.N. r4iller, 1977. Baseline studies and evaluation of physlcal:)
chemi cal, and bi 01 ogi ca 1 characteri sti cs of nearshore dredge spoil di sposal ,.
Pearl Harbor, Hawaii. Parts A and B. Envi ronmental Center Final Report,.
Uni vers i ty of Hawai i •
Clarke, T.A., 1972. Explorations of deep benthic fish and crustacean
resources in Hawaii. HU1B Tech. Rep. 29:1-18.
Coulbourn, \LT. and J.r~. Resig~ 1975. On the use of benthonic foraminifera
as sediment tracers in a Hawaiian bay. Pac. Sci. 29 (1):99-115.
Cushman, J.A., 1932-1942. The Foraminifera of the Tropical Pacific Collections.
of the Albatross 1899-1900. U.S. Nat. [;Jus. Bul. Parts 1-3:1-139'.
Ellis.'l! B. and A. Nessina,' 1940+.

Catalogue of Foraminifera.

Am. Hus. Nat. Hist.

Loeblich, A.R. and H. Tappan, 1961. Treatise on Invertebrate ,Paleontology.
Geol. Soc. Amer. Part C, 1 and 2.
Resig, J.N., 1969. Paleontological investigations of deep borings on the
Ewa Plain, Oahu, Hawaii. HIG Report 69-2, University of Hawaii.
Struhsaker, P. and D. C. Aasted~ 1974. Deep',vater shrimp trapping in the
Hawaiian Islands. filar. Fish. Rev., 36(10):24-30.

VI-23

APPEI~DIX

1

MICROMOLLUSCAN ASSEMBLAGES
E. Alison Kay
The micromolluscan constitutents of 20 sediment samples from the dredge
spoil disposal site off Pearl Harbor, Oahu, are described. A definition of
micromollusks, the rationale for utilizing micromollusks as indices of marine
benthic communities, and the methodology involved in analyzing the assemblages
are discussed in the Part A report. In the Part A report on samples obtained
in 1976 prior to deposition of the dredge spoil, benthic micromollusks were
divided into two components, one representative of depths of 10 to 80 fathoms
(shallow water species), the other of mollusks known only from depths greater
than 130 fathoms (deep water species). This distinction is followed below.
As in the Part A report, micromollusks were sorted from sediment samples of
from 5 to 25 cm 3 .
Results and Conclusions
Numbers of micromollusks per cm 3 of sediment and species composition are
shown in Table 1. Benthic mollusks comprised only about 5 per cent of the total
moll uscan assembl ages in the sediments, the greater bu"1 k of the assernbl ages
being made up of planktonic forms. Numbers of benthic mollusks ranged from
0.33 to 17.2 per cm 3 of sediment.
Shallow benthic mollusks comprised from 23 to 93 per cent of the benthic
assemblages in the samples. These figures are similar to those of the 1976
samples. Shallow benthic species comprised more than 50 per cent of the
assemblages in 60 per cent of the samples (12 of the 20 samples). In the 1976
samples, shallo\!-I benthic species comprised more than 50 percent of the assemblages
in 87 percent of the samples. Stations where shallow benthic species were
dominant are shown in Figure 1.
As in the 1976 samples, the shallow water assemblage was a mixed assemblage
comprised primarily of the micromollusks dominant in Mamala Bay at depths of
15 to 55 fathoms (30-100 m)(Kay, 1975). The dominant components were members
of the families Rissoidae and Dialidae, \'Ihich together comprised an average
of 75 percent of the assemblages in ~lamala Bay (Kay, 1978).

Table 1.

Species composition and standing crop of benthic micromolluscan assemblages.

Station No.
Depth (fm)

2
5
7
8
3
4
1
6
9
205 223 235 165 167 193 195 195 19(1

No. in sample
Deep water
Shallm'! ~Iater
rio. per cm J

176 67 17 54 59 35 69
74 48 10
24 35
4 11
7 50 48 11
102 19
36
8.8 3.6 3.4 4.5 5.9 7.0 6.9

Percent composition
Shallow water
Crepidu1a
Pyramide11ids
Dee.p water
"Circulus"
[len thone 11 a
Argyr'opeza
CepheTaspids
tlucu 1a

58
1
8
42
1
23
34
7
28

28

41

93

81

31

52
3

72
46
29
6

59
60
20

48
7

4
19

50
25

82

8

*Add i ti ona 1 sample near station 20.

8

69
4
25
33
4
4

3
48

10 18 19
217 211 225

20 20c 23 25
222 230 203 224

26
218

29 30b 34
214 240 lBO

74 86
9
3
29
40 44 62 97
64
36 29 77
5
31
43
21
1
6
4 22 73
15
13
13 55
43 43
4
34 Ill) 40 24
49
23 16 22
!.l
2
7.4 17.2 2.5 1.B 0.33 1.6 1.B 6.2 12.9 12.8 7.2 5.8 7.7
58
2
9
42

21
42

16
35

15

22

50
50
5
9

35
9
19

27

44

12 .
73 56
52
19

60

+

87

+

17
12

+

17
'B
17

20
19

91
70
.35
~l

100

64

25

77

64

55

7
36
18
18

4
75
1
44
16
7
14

<1

4
36

12
45
15
69

9

18
33

23

60
27
7

85

28
9
9
71
11

33
16
7
18

<:
I
N

,.J::.
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Among the shallow water benthic mollusks, three species may be considered
as possible indicators of dredge spoil materials: the calYptraeid Crepidula
aculeata and the pyramidellids Q~ostomia oodes and O. indica. The three
species were recorded in large numbers in Pearl Harbor in 1974 (Kay. 1974).
I~one of the three species are cOlT1Tlon or abundant in Mamala Bay (Kay, 1978).
I
have not recorded Crepidula in any of 29 samples off the Keehi sewer outfall
(depths of 15 to 55 fathoms). Pyramidellids occurred in 45 per cent of the
Keehi samples. but in none of the samples did they form more than 1 per cent of
the assemblage. In the samples reported here, Crepidula occurred in 25 per cent
of the samples, comprising up to 20 percent of the benthic mollusks present.
The pyramidellids were found in 75 percent of the samples, forming up to
48 percent of the shallow benthic assemblages. The greatest concentrations of
Crepidula occurred at stations 20c and 9, the greatest concentrations of
pyramidellids at stations 4, 20c, 20 and 30b.
Both Crepidula and the pyramidellids \'Iere recorded in the 1976 samples.
Crepidula was found in 33 percent of the samples (Figure 2) and formed an
average of 7.2 percent of the mollusks in the assemblages in which it was
found. These 1976 Crepidula occurrences most probably represented the remains
of an earlier dredge spoil dump. Comparison of the distribution and numbers
of Crepidula in the site between 1976 and 1977 suggests that Crepidula was
not an especially useful indicator species in this instance, in that there was
very little difference between the 1976 and 1977 distributions or numbers.
The distribution and numbers of pyramidellids, on the other hand, differed
considerably between the 1976 and the 1977 samples (Figure 3). The pyramidellic;s
appeared to be far more widespread in the 1977 samples than they were in 1976,
and they also comprised a higher proportion of the samples in which they
occurred than they did in 1977.
Another possible indicator of dredge spoil could be the occurrence of
terrestrial pUlmonate shells in the sediment samples. These shells should be
interpreted with caution, however, in that all of the land shells recorded
(with perhaps one exception) appeared to represent extinct species. Land
shells occurred in four samples in 1976 and in four of the samples in 1977
(Figure 4). None of the samples coincided, but all came from the western half
of the disposal area. From one to three shells were in each of the samples
containing land shells, and most of the shells appeared to represent fossil
endodontids.
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As in 1976, the dominant deepwater micromollusks were ItCirculus
Benthonella, Argyropeza, cephalaspids, and the bivalve Nucula. The epifaunal
browsers Genthonella and Argyropeza dominated the assemblages as they did in
1976, with the infaunal cephalaspids and bivalves comprising lesser proportions
of the assemblages (Table 1). There appeared to be little difference in either
numbers or species composition between the 1976 and the 1977 samples. The
distribution of the infaunal mollusks is shown in Figure 5 and shows a slightly
more widespread distribution of infaunal forms. This may be only an artifact
of a more comprehensive sampling program.
ll

,

Summary
A comparison of the 1976 and 1977 distributions of the dredge spoil
indicator species shows little apparent difference with the exception of the
two pyramidellid species. Since indicator species were present before the 1977
dredge spoil disposal operation, this may indicate only that it is difficult
to distinguish new spoil from old spoil. However, the lack of an increase in
the concentration of tracer species after the 1977 dump suggests that new spoil
deposits are inconspicuous in the disposal area. Thus it appears that dredge
spoil disposal at the designated dump site has had a minimal impact on the
composition of the sediments in the dredge spoil disposal area.
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APPENDIX 3
Table 1.

Foramini fera species present but rare in the
Pearl Harbor dredge spoil disposal area samples.

Acervulina sp.
Amphistegina lobifera
Astacolus cf. insolitus
Bo 1i vi na brady,---B. hantKeniana
B. momboi da li s
B. spi nescens
Fulimina marginata
Carpenteria utricularis
C. sp.
Cassidulina subglobosa
C. sp. A
--Cassidulinoides rotundata
Chilostomella ovoidea
Clavulina pacifica
tribrostomoides cf. subglobosum
Erhenbergina
fica
E. tri gona
Fissurina mar~inata
Gaudry; na sip onifer_~

G rodinoides SD.

o~hra'!Jmoides cf, canadensis
Hauerina sp.
HOrIiOtrema rub r a
Lingualinopsis carlofortensis
Loxostomium pacificum
t. porrectum
Ma rg; nuli na sp.
Miniacina sp.
Nodosaria catesbyi
ulina spp.
a yi
Rectoglandulina torrida
Rhabdamina sp.
Robulus vortex
5l-R~ner;na bi fro_ns stri atul a
Sp aerogypsina-gTOOulus
Spiroloculina serratula
Tho los ina s""p-:Vertebral ina striata
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FISHERIES
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A.

Objecti ves

The only commercially important organisms found in the disposal area are
heterocarpid shrimp, and since an important fishery for akule and opelu is
located on the Ewa (Barbers Point) ledge, these two fisheries were reexamined
for possible modification in their populations attributable to dredge spoil.
The specific objectives were:

B.

1.

Quantitative ,investigations of the benthic shrimp fauna at the
dump site and' control areas.

2.

Investigation of the commercial akule and opelu fishery during
September of 1977 and a comparison of the 1977 catch statistics
with the month of September of 1970-1976.

I~ethods

The methods used in this study are similar to those described in
Section VII, Parts A and B (Chave and M-iller, 1977), with the follO\oJing
exception: In the monitoring phase, Part B, it was s~ggested that the shrimp
populations be examined near but not at the 1977 sites to determine whether
their populations reach commercially valuable quantities. The rationale
behind this recommendation came from the hypothesis that the decrease in the
number of shrimp taken on July 18. 1977, may have been due to depletion of
the population by the previous set on May 18, 1977. Confirmation of this
hypothesis would require extensive and regular trapping, a level of collection
beyond the scope of this study. To reduce the likelihood of introducing
errors through depletion of the population by fishing at the same site each
time, the traps were not set in exactly the same locations. Instead, an
effort was made to set the traps in the same general area and at the same
depth for each collection. The locations of the trap lines set on September 29
and December 8,1977, are shown in Figure VII-l.
The gills and intestines of 20 shrimp were examined for evidence of dredge
spoil .
Fish catch data for September 1970-1977 were examined using the computer
printout from the Hawaii State Department of Fish and Game. Statistics for
October through December were not available. The eastern part of Fish and Game
areas 401 and 421 (Pearl Harbor to Barbers Point) is shown in Figure VII-2.
Since Area 401 is located from the shoreline t\'JO miles oceanward and Area 421
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continues seaward from Area 401, part of the Ewa (Barbers Point) ledge is not
covered in Area 401. The fishermen that frequent the Ewa ledge compensate for
this and usually report all opelu and akule as caught in area 401,. since they
often use the 100 fathom contour line to delineate the boundary between the
two areas. However, fish catch statistics for both areas must be examined for
these two fishes because occasionally the two are reported from both areas.
C.

Resul ts

1.
Shrimp
The only commercially important species taken in the traps was Heterocarpus
ensifer. The numbers taken and subsample size distributions are summarized in
Fi gure VI I-3.
In September 1977, the dump site collection contained 452 individuals; the
control site, 776 individuals. In December 1977, the dump site contained 386
individuals; the control site, 317. These numbers are not commercially significant (Clarke, 1972; Struhsaker and Aasted, 1974).
The animals were in good condition.
contain dredge spoil.
2.

Their gills and intestines did not

Fi s h

A large catch of young and adult akule and a very small opelu catch were
taken in Area 401. In the offshore area (421), three fishes made up the greatest
percentage of the catch by value: aku $14,121, mahimahi $1,350, and ahi $898.
D.

Discussion and Recommendations
1.

Shrimp

Figures VII-4, VII-5, and Table VII-l compare the shrimp catch for the
years 1976-1977. All 1977 stations were set at 230 fm to insure similar depth
of capture for comparison with the September 1976 traps located near the dump
sites. In 1976, Sets 1 and 3 were in shallower water than Set 2 in the dump
site area (see Map 1 and p. VII-3, Part A) and consequently are not compared
with the 1977 traplines.
TIle results sUlTlTlarized in Table VII-l show fluctuations in numbers of
shrimp per trap in the dump site and control areas throughout the 12-15 month
period studied. The May and September 1977 traps yielded the highest numbers of
animals in the control area; the July and December traps had the fewest. There
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was no significant difference in the number of shrimp taken at the dump site in
f~ay and December.
It was previously postulated (Part B) that the July shrimp
population might have decreased from the May value at the control site because
the traplines were set in the same area during both months. The September and
December traplines were consequently set in slightly different areas. The
number of shrimp per trap at the dump site remained relatively stable. In the
control area, the catch fluctuated. The May shrimp trap population at the
control site was larger than that in July; in December, it decreased from
September values. Therefore, overfishing does not seem to be a factor in the
observed catch.
It was suggested that the fluctuations in shrimp number were a function
of more or less suitable substrates in the May and July 1977 control sets
(Part B). Subsequently, samples of sediment taken from traps in both sets
6 and 8 at the control site contained fine, unworn sand. Therefore,
sediment type does not seem to account for the differences in shrimp abundance
between sets. Furthermore, observations of living ~eterocarpus ensifer at the
Waikiki Aquarium and seen in the photos in the Pearl Harbor dredge spoil
disposal area have shown that the shrimp move about on the sediment, swim above
it, or hide under rocks. They do not burrow into the sediment in the Aquarium.
Consequently, it is felt that the fluctuations in the control site samples of
shrimp population are attributable to changes within the shrimp populations
themselves. ~.R. mortality, recruitment, etc.
The low but consistent number of shrimp at the dump site during 1977
indicates that there is a smaller population in this area. There is ~n even
lower number of shrimp in the 1976 sample. Although the reasons for this
are not known, dumping may have increased the population in the dump site
area and did not appear to be detrimental to the shrimp population (see also
Spencer~ in TetraTech,1977).
Figures VII-4 and VII-5 and Table VII-l show that the mean length of
animals during dumping in May 1977 decreased at both the dump and control
sites and might be due to natural population fluctuations. Note also that
the control site1s December population decreased in size, and the mean length
of the individuals was considerably smaller than individuals obtained near
the dump site. There was no correlation between size-of-individual and
population size.
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Since the shrimp trap population data taken in the dump and control areas
are of marginal commercial value at most and do not indicate deleterious
effects from dredge spoil, it is recommended that dumping proceed in the area.
A localized dumping area to minimize shrimp mortality is not necessary.
2.

Fish

Table VII-2 shows the monetary results of the akule and opelu fisheries
at the Ewa (Barbers Point) ledge. The opelu fishery has steadily dropped from
September 1970 to September 1977. The akule fishery has increased in value and
appears to fluctuate. Prices for these fishes have changed somewhat from 1970
to 1977. Consequently, the large September 1977 catch of akule is about equal
in number of fish caught to those taken in 1971. There were no apparent dredge
spoil effects on the akule population. The reasons for the steady yearly
decrease in the opelu population are not known, but dredge spoil does not
appear to be a factor.
It is recommended that dumping be limited to the southeastern sector of
the dredge spoil disposal study area to minimize potential contamination of
the Ewa ledge area.

E.

Summary

The fisheries in and around the Pearl Harbor dredge spoil disposal area
showed no discernable effects of dredge spoil contamination. Shrimp biomass
was consistently lower and more stable at the dump site than at the control
site prior to and after dumping,indicating a smaller population there. The
reasons for this are unknown. The number of shrimp caught did not represent
a commercially important resource.
F.
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