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ABSTRACT

Studies of the effects af the Hawaiian ELectric genez'ating Station
on the zooplankton, reef corals, and fishes of Honolulu Harbor, Oahu,
Havaii vere made during 1972-78. IPo dieting t detrimental effects attrib-
utable tothe generating station were revealed by these studies. The
macrozooplankton community in the outfalL basin more closely resembled
communities sampled outside the harbor than elsewhere in the harbor,
which receives a variety of poLLutants. Differences in distribution
and abundance of macrozoaplankton were mare closely related to depth
and temporal differences than to paver station discharge. Although
reef corals vere restricted fram the vaLL directly in the path of the
outfall jet plume, the total coverage of live corals in the discharge
basin exceeded that of the intake basin and discharge basi.n coral

colonies vere generalLy Larger. Negligible coral grovth vas found
anywhere else in the harbor. Fish standing crap in the discharge basin
vas estimated to be cg;proximately Mice that of the intake basin and
Little movement vas noted betveen the two areas. Standing crop in

both basins vas generally higher than estimates for tropicaL and
subtropical shallov water areas. No clear comparisons vere possible
concerning veight per unit length of fishes in the intake versus dis-
charge basins.
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INTRODUCTION

Work Statement

In a letter from Dr. Walter B. Quisenberry, Director, Department of
Health, State of Hawaii dated August 31, 1971, Hawaiian Electric Company
 HECO! was granted a zone of mixing for its cooling water discharge from
the Honolulu Generating Station subject to several conditions one of which
requires that "bio-assays shall be conducted annually of the benthic and
other marine life forms to determine the effects of the thermal discharge
on marine life." It is in response to this requirement that the following
investigations were conducted.

Location and Setting

The Honolulu Generating Station is located on the south side of the
island of Oahu at approximately 21'18'32" north latitude, 157'51'01" west
longitude. The station is situated in the eastern part of Honolulu Harbor
just south of the downtown Honolulu shopping district. The intake and
discharge basins adjacent to the station are separated by Pier 7, which
extends about 130 m from Mimitz Highway toward Sand Island. The intake
and discharge structures are located in the southeast corners of their
respective basins, adj acent to Nimitz Highway  Figure la!. Both basins
are comparable in area, approximately 60 m x 130 m. The sides of the
basins are bordered on their southern sides by the concrete structures
comprising Piers 7 and 8 and on their eastern sides by the Nimitz Highway
wall. These concrete walls extend to about a 1.5-m depth and abut on an
ancient reef platform which has been dredged to about a 10-m depth. The
discharge basin is bordered on the north by the concrete wall of Pier 7,
while the intake basin's north side is formed by the wooden pilings which
support Pier 8.

Area Use

Honolulu Harbor is the principal commercial port for the Hawaiian
Islands. In addition to the commercial piers, the harbor is fringed by
industrial development including the electrical generating pla~t, pineapple
canneries, the gas company, oil storage yards, and numerous small businesses.
In addition, the Coast Guard maintains a base on the Sand Island side of the
harbor.

Citing references as early as ]920 which describe this pollution, Cox
and Gordon �970! stated that pollution in the harbor has long been noted.
Oil contamination is common and sheens are frequently seen on the harbor .
Three fish Rills have been documented in the Kapalama Canal, one of which
killed approximately 100,000 fish.



Honolulu Harbor is currently ranked fifth in importance as a source
for nehu  baitfish! fishing  Cox and Gordon, 1970!.

Characteristics of Honolulu Harbor

Honolulu Harbor is the result of dredging what was originally the
drainage basin of Nuuanu Stream. Dredging of the harbor started as early
as the mid-1800's. Sand Island was created by fill from the dredging and
by connecting the Nuuanu Stream Basin with Kapalama Basin

The mean flow of Nuuanu Stream is approximately 0.2 m /sec. Kapalama
Canal carries the wastes of the pineapple into the harbor at a rate oF
approximately 0.8 m /sec.

Dredging of the harbor took place on July 5 and September 12-19, 1972.
Turbidity within the harbor increased considerably after the dredging and
pre-dredging water clarity has not been re-established. During the summer
of 1973, sediment was discharged into the harbor from the Federal Building
site adjacent to Piers 4 and 5 numerous times. The sediment plume was
clearly visible and could be seen flowing from the area bou~ded by the
Falle of Clyde and the U.S. Coast Guard pier to the mouth of the harbor.

Undoubtedly, sedimentation plays an important role in the establish-
ment and maintenance of marine communities in Honolulu Harbor.

Station Operational Data

The Honolulu Generating Station has a normal generating capability of
180 megawatts. Condenser cooling water is drawn from a single intake
located on the northwest side of Pier 7 within Honolulu Harbor  Figure la! .
This water is discharged into the harbor on the southeast side of Pier 7
through three discharge ports at the rate of approximately 13 m3/sec
�05,000 gpm!. The cooling water system is one of the once-through nature
with a designed temperature rise across the condensers of approximately
5.6'C �0 F!. The maximum rate of heat added to the harbor is approximately
76 million gram cal/sec �00,000 STU/sec!.

Daily maximum and minimum temperatures recorded between January 1972
and September 1973 at the intake and discharge ports of units 8 and 9 are
shown in Figure 2. Daily maximum temperatures from both units exceeded
30'C throughout the summer and fall months, sometimes reaching as high as
35'C. Intake temperature spikes indicate recirculation to have occurred
in July and December of 1972 and March of 1973, probably as a result of
kona  south to west! wind conditions . Intake temperatures recorded after
August. 2, 1973 �40 days! are to be ignored, due to a probable malfunct.ion
in the temperature recording apparatus.

Condenser tubes are cleaned mechanically, avoiding the introduction
of cleaning chemicals into the condenser circulating water system.



Fi GURE Surface isotherms in Honolulu Harbor.  a! October 12, 1971,
tradewind;  b! November 11, 1971, tradewind;  c! December 15, 197i,
calm;  d! February 9, 1972, calm. Circled letters shown in  a! are
zooplankton sampling locations and numbered squares shown in  b!
fish trap locations.
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Currently, boiler and evaporator blowdown and demineraiizer regenorants
discharged into the circulating water system. These discharges consist
primarily of nitrogen and phosphorus compounds at extremely low
concentrat ions.

Physical lfnpact of Station

Buske and McCain �972! surveyed the physical impact of the Honolulu
Generating Station. They found that the thermal effluent is discharged at
a maximum velocity of approximately I.S m/sec from ports located about I m
below the water surface. The discharge from the two largest units are
combined and form a well-defined jet along the southeast side of the dis-
charge basin. This jet normally passes by the seaward end of Pier 7 on
the surface with an axial speed of 0.6 m/sec, decreasing thereafter to
about 0.3 m/sec. Surface flows of 0.1 m/sec have been measured for the
mid-channel and northwestern po~tions of the discharge basin.

In general, water from the discharge basin flows toward the southwest
down the main harbor channel. Circulation of water from the discharge
basin into the intake basin  recirculation! occurs to a limited extent
during periods of kona wind conditions.

The buoyant effluent rises toward the water surface rapidly with
scour and benthic effects limited within 30 m �00 ft! of the direct path
of discharge. Mixing is largely wind-driven; the dilution of the effluent
decreasing under calm conditions. Calm conditions with winds of less than
4 km/hr' � knots! occur approximately 10 percent of the time. Mean wind
speed is 19 km/hr �0 knots! from the east-northeast. These tradewind
conditions predominate, occurring about 60 percent of the time.

Surface isotherms for tradewind conditi ons are shown in Figure la and
lb and those for calm conditions in Figure lc and ld. Generally, within
about 460 m of the discharge, the surface water temperature enrichment is
reduced to at least 0. 8'C �.5'F!.

The effects of the generating station upon salinity  > 34 ppt! and
dissolved oxygen  > 6.5 ppm! concentrations appear to be negligible.

BACKGROUND

Honolulu Harbor is obviously subject to a variety of stresses from
diverse pollution sources. From the onset, it was apparent that no area
within the harbor represented a "control" area. Thus, sampling was concen-
trated in the discharge and intake areas. The area near the entrance to
Honolulu Harbor on the Sand Island side was also investigat.ed, not as a
true control, but because it probably represented the least stressed area
obtainable within the harbor.



Sedimentation is undoubtedly the primary pollution source within the
harbor. The dredging of the harbor, the construction of a floating
restaurant, and the sediment discharge from the Federal Building site, with
thei.r associated increase in turbidity, made visual transects for fish
census impossible and in general hampered all field efforts involving
diving.

Zooplankton 1nvestigation

Few papers have been devoted to t' he effects of thermal effluents upon
natural communities of marine zooplankton. Heinie �969j pointed out that
"changes in community structure appear to be a very real possibility" with
regards to the ecological effects of increased temperatures. Raymont �964!
reported that the copepod, Acar&a tonaa, increased in abundance near the
outfall of a British power plant. Reeves' �970! work on the Turkey Point,
Florida power generating station showed that some differences were present
between the number of zooplankters at the beginning of that plant's outfall
canal and the canal's exit into Biscayne Bay. These differences reflected
killing of zooplankton by entrainment within the plant since dead zooplank-
ters sink from the water column before exiting from the canal. As Reeves
pointed out, entrainment may cause a myriad of delayed sub-lethal effects.
Thus, estimation of obviously dead or dying plankton at a power station
outfall, as commonly attempted, yields only a limited indication of the
effects of entrainment upon the plankto~ community of the receiving waters.

It is apparent that the significance of any discharge must be judged
by the community alteration which it induces, not by the number of
organisms it kills or displaces. Assuming any damage to plankton during
entrainment, an alteration in the community structure  or at least in the
abundance of several redundant organisms! in the region of the outfall
would be expected. This study documents the occurrence of such an altera-
tion in the zooplankton community in that area of Honolulu Harbor under the
influence of the electrical generating station.

Cora1 Survey

Reef building corals are recognized to be generally intolerant of
pollutive disturbances of their physical environment  Johannes, l972! .
Because of their inability to isolate their living tissues from toxic sub-
stances in their medium or to move themselves from a stressful environment,
corals are considered to be conspicuous biotic indicators of the cumulative
effects of. pollution. A review of the effects of a variety of types of
pollutio~ on corals and associated organisms may be found in Johannes
�972!. A variety of pollution sources exists in the area of Honolulu
Harbor influenced by HECO's generating station, the total effect of which
remains in question. However, temperature, turbidity, and sedimentation
are water quality parameters, which are likely to be altered by HECO plant
effluent, and the effects of these on coral settlement and growth are
examined in this report.



Considerable information concerning the upper thermal tolerances of
reef corals has been derived in Hawaii  Edmondson, 1928; Jokiel and Goles,
1974; Coles, 1973; Jokiel et. al., 1974!. The results of these studies,
determined under both field and laboratory conditions, indicate that
continuous exposure to temperatures of 31' to 32'C  87.5' to 89.5'p! kil]s
coral and that temperatures above 28'C  82,5'F! are detrimental to coral
growth.

As described previously, Honolulu Harbor has recently been subjected
to dredging that substantially increased water turbidity. An accompanying
i~crease in rates of sedimentation onto living coral surfaces may be
assumed. Coral tolerances to these stresses are less clearly defined than
temperature tolerance limits Reviews of sedimentation effects on coral
may be found in Sotddart �969!, l,evin �970!, and Johannes �972!.

preliminary observations along the walls on all sides of the intake
and discharge basins indicated living coral to be absent from the south
side of the discharge basin, which lies along the direct path of discharged
effluent. Corals are also absent from the north side of the intake basin,
where the wooden pilings of Pier 8 provide an unsuitable substrate for
coral settlement. However, the concrete walls and dredged substrate on
the remaining two sides of both basins are populated by reef corals pre-
dominated by species of Pa~tea Zobata Dana, PaeiZZopora maandvira Dana,
Honiipora verr~eoaa  Lamarck!, and Montfpora patuZa Verrill. Corals occur
from depths of ca 0. 23 m to a maximum of 7 m below mean lower low water
I'MLLW! . Most corals occur on the vertical. surfaces of the walls, except
for those growing on a small ledge which represents the su~face of an
ancient reef and extends along most of the distance of the four walls at
a 1.5 to 2.0-m depth. The maximum depth of coral growth in both basins
extends nearly to the bottom of the vertical hard substrate. Below this,
a thick layer of silt has accumulated, preventing coral settlement or
growth.

Fish Survey

Young and Gibson �973! gave a vivid description of the effects of a
thermal effluent from a Long Island power station on migrating juvenile
menhaden. Their description is quoted here because it appears to be dia-
metrical to the effects on fishes caused by the Honolulu Generating Stat.ion.

while SCUBA diving, we observed schools of juveniles  menhaden!
swimming from the cool water underlying the effluent into the
heated surface water where they suffered immediate thermal shock .
The shocked fish, after making gulping motions at the surface,
sank to the bottom within one minute after swimming into the
discharge ~ater.  Young and Gibson, 1913, p. 95,!

They continued with a description of the flexing and dying of the fish,
In contrast, the thermal effluent from the Honolulu Generating Station
has not been identified as the cause of fi» kills. In fact, the evidence
suggests some beneficial effects.



Visual fish transects were attempted during the 1972 survey to
document the standing crop of fishes in the discharge basin, hut werc
abandoned because of poor water visibility, A mark-recapture program
 Bardach, 1958; Randal1, 1961a, 1961b; Springer and McFrlean, 1962! was
established as an alternative to the transect program. This method allows
for comparisons of growth, since tishes can be identified over a period of
time, and for comparisons of fish abundance between stations, and provides
information on the movement of fishes between areas,

MATERIALS AND METHODS

Zooplankton Investigation

Zooplankton samples were collected by towing a 0.5 m diameter,
215 micron mesh net equipped with a TSK flowmeter. Samples were preserved
in saltwater formalin. Settled volume measurements were made using an
Imhoff Cone or a 50-ml graduated cylinder. Readings were taken after a
24-hour sett ling period. Dominant macroplankters  Luez fer chaoei Bowman
and Sagitta errata Grassi! and fish larvae were sorted from the entire
sample.

Coral Survey

The coral 'populations on each of the four walls were surveyed between
June 19 and July 14, 1973. Previous to diving surveys, marks were made at
2-m intervals along the Nimitz Highway and Pier 7 walls of the intake and
discharge basins. The marks were used by a diver who remained on the
surface and maintained a buoy line on position. The buoy line, marked at
0-5-m intervals, was used by another diver to maintain his position while
counting and measuring individual coral colonies. All corals 0.5 m to
either side of the vertical line were measured and recorded . After comple-
tion of observations to the maximum depth of coral growth, the line was
moved 1 m and the procedure repeated. This method assured that all corals
growing along the basin walls were measured during the survey.

Because the growth form of most of the corals was observed to be
lobate  hemispherical! or circularly encrusting, their living surface area
could be estimated from a single measurement or pair of measurements. A
ruler was used to measure a single diameter of the normal projection of
those colonies which appeared circular in outline. Diameters were measured
to the nearest 0.5 inch �.2 cm!. For those colonies whose outline was
ellipsoid, t'heir long and short diameters were averaged for an estimate of
a radius corresponding to a circle most closely corresponding to their
surface area. For the few colonies that departed radically from a circular
or ellipsoid form, surfaces were visually divided into circular subsections
and treated as above. Although this method involved some subjective judg-
ments by the worker, the majority of corals measured during the survey



ar or ellipsoid forms whose surface areas were closely
thod. Ten corals of the total number measured had
areas. For these specimens, visual estimates were made

f total colony still living and their total surface
these factors. Surface area  A! for the Pari tea and
was derived using the formula for the surface area of
rr radius !. For the remaining species, which are
growth form, the formula for the area of a circle
used,

approximated circul
estimated by the me
partly dead surface
of the percentage o
areas multiplied by
Foci 7.loporc species
a hemisphere  A = 2
encrusting in their
 A = ir radius2! was

Fi s h Sur vey

Fish traps �,52 x 1.52 x 6.10 m! were placed at the locations shown
in Figure lb. Traps were set in place as follows-'

April 3, 1973 to September 5, 1973
April 3, 1973 to September 5, 1973
April 3, 1973 to June 28, 1973
January 23, 1973 to September 5, 1973
January 23, 1973 to April 3, 1973

Trap 1:
Trap 2:
Tra.p 3:
Trap 4:
Trap 5:

These traps were checked weekly. Trapped fish were marked using Floy
anchor tags embedded in either the stomach or through the dorsal fin rays,
depending upon the size and species.  For a discussion of the effects of
these tags on fish consult Carline and Brynildson, 1972.! Fishes were
anesthetized using Tricaine Methanesulfonate, tagged, weighed to the nearest
gram, and measured  fork or total length! to the nearest 0.25 inch, then
allowed to recover in seawater until normal activity was resumed prior to
release. Recaptured fish were treated identically, and records maintained
for each fish tagged.

RESULTS AND DISCUSSION

Zooplankton Investigation

Figure la presents the locations sampled during this survey. Tow
records and sorting data for the 174 plankton tows are given in Appendix A

Highly significant differences  P < 0 01, Student's "t" test! exist
between means of samples taken on May ll, 1972 in the intake and discharge
basins for plankton-settled volume  ml/m ! for the numbers of Lacy�~er chacei
Bowman, Sagitta enflame Grassi, and fish larvae and for the plankton-
settled volume  ml/m~! after removal of macroplankters, S. en� late and L.
chacei were more abundant in the discharge basin than in the intake basin,
thereby contributing to a greater volume of plankton per cubic meter mea-
sured in the discharge basin. Upon removal of these macroplankters, the
microplankton volume per cubic meter was greater in the intake basin. Fish
larvae were more abundant in the intake basin  McCain and peck, 1972a! .



Table 1 presents the variance ratios derived from an analysis of
variance  ANOVA! for the dominant macroplankters and plankton volume.
Duncan's �955! new multiple range tests for the data grouped by location,
without consideration for depth, time or date, are shown in Table 2. Two
homogeneous subsets of locations  subsets of means not differing signifi-
cantly, P < . 05! are shown for plankton volume data.

TABLE 1, VARIANCE RATIOS FOR MACROPLANKTERS AND VOLUME OF
HONOLULU HARBOR ZOOPLANKTON SAMPLES+

Variance ratio  F!Plankton volume  ml/m !

5.8695*'
4.2576'."".

11.5379~-

locations �!
Locations and Depths �2!
Stations �0!

No. of Sa~t6z ~nfLxM per cubic meter

525%�
6 Q965 J

13.1834-"

Locations �!
Locations and Depths �2!
Statidns �O!

No. of Luoifer chacei. per cubic meter

5.1037
4.7356-

14.3575""

Locat i ons �!
Locations and Depths �2!
Stations �0!

14o. of fish larvae per cubic meter

7.8359"-+
4.2885=

I].32350*

Locations �!
Locations and Depths �2!
Stations �O!

*See Appendix A for location, depth, and station description.
~"-P > 0.01

Subset A contains all locations  B, C, D, E! within the harbor except
for the discharge site {A!. Subset B contains the discharge site  A! and,
the site near the mouth of Nuuanu Stream  B!. The offshore site  F!
plankton volume is significantly greater than at all other sites.

l0

The May l972 sampling considered only macroplankters and was confined
to surface samples during midday. Obviously, day to night changes in the
distribution and abundance of zooplankton may be an important factor in
assessing the effect of the power plant, Furthermore, intake water for
the plant cooling system is taken from a 2 to 5 m depth rather than at the
surface. Subsequent zooplankton samples were therefore taken from surface
and a 3 m depth, at both day and night during the 1973 survey. Microplankton
was not considered.



TABLE 2. MULTIPLE RANCE TESTS FOR ORGANISMS AND VOLUME OF
HONOLULU HARBOR ZOOPLANKTON SAMPLES

Homogeneous Subset
A B C

Standard
E'rro r

MeanLocation

P 1 ank ton vo I ume  mi /m !

O. 063

0.084

No. of Sagitta enflat'a per cubic meter

No. of E,ueife2 ohacei per cubic meter

0.126

0. 912

i. 040

2.614

2.042

5.316

No. of fish iarvae per cubic meter

-Homogeneous subsets  P ~ 0. 05! are connected by vert i cai fines .

11

0.392

0.410

0.456

0.471

O. 730

1. 068

1. 066

1.467

1.836

4. 708

17. 066

18.775

O. 258

3. 102

3.679

5. 167

7. 032

18. 208

2. 558

2. 874

3. 050

3. 948

6.715

8.617

0.050

0.047

0.093

0.148

0.146

0.219

0.269

i. 144

4.465

3 725

0.474

0.243

0.481

0.413

0. 830

1.845



Subset A is limited to harbor locations with low plankton volume. The
locations contained in subset B may cluster due to the variability  ranging
from 0.10 to 50.10 per cubic meter! in the number of Lucifer in the Nuuanu
Stream mouth, thereby contributing to a greater standard error. It is
obvious that the lumping of all planktonic organisms into a single value
such as settled volume can only give an indication of similarity or
differences between sites. Even the general category, fish larvae, suffers
from the same defect since individual species are not identified. Thus,
the abundance of chaetognath SaqitM enf5ata and the sergestid shrimp
Lucr,fer cibacei provides a more reliable comparison between sites.

Three homogeneous subsets are present withi~ the data on Sagi.'Pre.
Subset A for Sagitta contains the same harbor locations  B, C, D, E! as
subset A for total plankton volume. Subset B contains the discharge site
 A! and the offshore site  F!. The Nuuanu Stream site  E! and the offshore
site  F! comprise subset C.

All sites comprise a single homogeneous subset for 1'.ucifez. with the
exception of the Nuuanu Stream site  E!, which is significantly greater.
Subset A for the fish larval data is composed of all of the harbor loca-
tions with the exception of the intake site  B!. Subset B includes the
intake site  B! and the offshore site  F! . A high number of fish larvae
was also found in the intake basin for the 1972 survey.

Table 3 presents analyses of variance and multiple range tests for
combined dates separated by location and depth. The plankton volume data
contain four homogeneous subsets. Subset A contains all harbor locations
and depths with the exceptio~ of the surface tows at the discharge site  A!
and the offshore site  F! at both depths. Subset C contains the intake
site  Bj and offshore site  F! at the surface, the mid-channel harbor
site  D! at the 3-m depth, and the Nuuanu Stream site  E! at both depths.
Subset C contains those locations not included in subset A. Subset D
contains the discharge site  A! and offshore site  F! at the surface and
the mid-channel  D! and Nuuanu Stream site  E! at the 3-m depth.

The Sagitta data fall into three homogeneous subsets. Subset A
contains all locations and depths with the exception of the surface tows
at the discharge site  A! and the Sand Island Channel tows  C!, Subset 8
for Sagitta duplicates subset A for volume. Subset C contains those
locations excluded by subset B as did subset C for plankton volume.

The Lucifer data contain five homogeneous subsets. Of particular
interest is subset E which contains only the Nuuanu site  E! at both
depths. Apparently I'ucifer attains its greatest abundance in the more
"stressed"  thermal or fresh waters! of the harbor.

Three homogeneous subsets of locations and depths are present in the
fish larval data. Subset A contains all locations and depths with the
exception of' the surface of the intake  B! and the offshore site  F! at
both the surface and 3-m depth. Subset B is a mixture of locations and
depths and subset C contains those locations and depths excluded from
subset A. Subsets A and C of the location-depth ANOVA are simila.r to the
situation found when only location is considered  Table 3! .



TABLE !. HULTI PLE RANGE TESTS FOR ORGANI SHS AND VOLUHE QF
HONOLULU HARBOR ZOOPLANKTON SAHPLES

Standard
ErrorL.v ca t I on s Mean

volume  m!/m~!Plankton

Ho, of, Sagitta en,r2ata per cub ir me te r

No. of Lucn',fez chaoed per cub i c me t e r

ilo. of fish larvae per cub i c meter

etipper case surface taws; lower case 3-m tows,
**Homogeneous subsets  P < 0.05! are connected by vertical lines,

0.243
0-355
0-377
0-394
0.429
0. 451
0.518
0.535
0-517
0. 901
0. 930
1,207

0. 695
0. 926
1,033
I. 437
1,521
1. 900
z. 029
3. 383
6.o33
IS. 733
18,817
26. 958

o. 133
0. 383
0. 484
I -567
I. 868
3. 152
5. 489
7, 374
8.767

13. 250
13. 363
23.167

1. 767
2, 163
2. 817
3. 283
3-305
3 350
3. 584
4. 342
5. 166
1.665
7-817
9. 417

0.o56
0.108
0.066
0.046
0.068
0.045
0.070
o.o66
0. 129
0.140
0, 180
0. 237

0,149
0.151
0. 176
0.223
0.249
0.322
0,405
O.4o4
2.212
5 957
5.o58
6.628

0. 061
0.244
0,1'l7
0 977
0.611
0.651
1.927
2,071
4.891
6.827
5, 011
8.241

0. 338
o.245
0.6}5
a.785
0.419
0,790
0-357
0.593
1.024
1. 163
I 926
3. 318



Table 4 presents analyses of variance and multiple range tests for
stations where locations, dates, depths, and time are separated. Station
numbers correspond to those listed in Appendix A. The >VJOVA for the
plankton volume contains 1S homogeneous subsets. These subsets are
considerably mixed. Of particular interest is subset 0 which contains
only the highest volume stations �5 and 7j . Plankton tows at station 7
were taken in the discharge during May 1972. This station differed
significantly from the intake  Station 22! on that sampling data. In this
case station 7 is not significantly different from a station offshore of
the harbor.

Station 7 has significantly more individuals of agittcz than all of
the other stations. The other stations fall into two homogeneous subsets--
subset A containing all but stations 7, 53, and 55 and subset 8 containing
stations 53 and 55, which were both located at the offshore site  F!,

The Luezfer data contain seven homogeneous subsets. Some of the
discharge �4!, intake �9!, and Nuuanu Stream �0, S2! stations have the
greatest number of individuals of lvei.~er, whereas the numbers are reduced
in the offshore stations  F!.

The fish larval data contain eight homogeneous subsets. Subset A
contains most of the stations except for stations offshore  S4, 56!, in
the intake basin �8, 22, 25, 26!, and the May discharge station �!--
all of which have significantly greater numbers. Significantly fewer
numbers of individuals than for subset A were found at stations 4 and 5
 discharge!, 46  harbor channel!, and 32  Sand Island Channel! . Subsets
8, C, D, E, and F overlap these subsets to varying degrees. Subsets F,
G, and H show that the high density stations of the intake  B! and
offshore  F! areas are not significantly different with regard to fish
larvae.

Analysis of variance of single Factors as described above becomes
increasingly complicated as the number of stations  locations, etc.! is
considered and as more variables are examined. To alleviate this situa-
tion, correlation coefficients of variables between station pairs were
computed. These coefficients were converted to distance measures using
an arccosine transFormation, then visually displayed as a dendrograph
 McCammon, 1968!. As for the ANOVA series, times, depths, and dates were
combined. In addition, correlation coefficients were compiled between the
variables to check for redundancy in the data which seemed a real possi-
bil.ity since volume is to a large extent dependent upon the macrozooplankters.

Table 5 presents the correlation coefficient matrix between variables.
}-ligh correlation exists between volume and Sagest& and, to a lesser
extent, volume and fish larvae. Thus the use of volume in the multi-
variate analyses is somewhat redundant. Therefore, analyses were performed
using four variables  volume included! and three variables  macro-
plankters only!. Correlation coefficient matricies have been omitted from
the following discussion due to their large size, -particularly in the
56-station comparison.
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MULTIPLE RANGE TESTS FOR ORGANISMS AND VOLUME OF HONOLULU HARBOR
ZOOPLANKTON SAMPLES

TABLE 4.

lf r rrr r ri n e r u v 'I u b s e tf
/I R I' 0 ~f I II ~~H HHf

Sf.rn I,rr
frrrr a H   0 I I  , H I .I H I H H AStat irnr Hr rn fs .n

I'I.r I r rr v lurrv   rl/n'! fl,, I h,r fr,ff fr irf . li!lr r mr

fisb larvae per cubic meterof eu f far Rn;ri per cubic meter Ho. ofHo.
o.867 0. 120

I

I

*Homogeneous subsets rip 0.05! are connected by vertical lines.
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?4
35
46
33
38
?0
34
19

!8 4
21
49
41

4o
26
9

13
7
e

12
48
45
32
27
28
39
51
50
42
29
14
52
25
54
10
4/
17
22
56
43
2

53
36
55
7

35
20 5
53
45
28 2
55
15
18
49
17
54
31
3

33
32
22
24
56
40
42
38
21
47
I

19
26
II
IO
46
39
13
7

34
9

41

36
25
51
6

27
12
48
43
29
50
52
14

A.067
D. 087
n.os/
n.ngo
tl. I ln
0.140
U. f41
0. 153
t!. I 7!
n. I RU
U. IA3
0.197
0.?30
0.233
0.243
0.247
0. 257
0.?63
0. 273
0.?93
0.320
0 333
0.347
0. 350
0 353
0. 357
0. 357
0. 357
0. 357
0. 360
0.413
D.420
D.510
0.527
0.527
0.600
0.650
0.697
0.703
0 753
0 797
0.887
0,897
0 937
0.983
1.067
1.157
1.357
1.477

703

0.000
0.000
0. 000
0.033
0.033
0.100
0.100
0. 'I 33
0.133
0.133
0.167
0.167
0.233
0. 267
0.300
0.333
0.367
o.408
0.600
0.633
0.800
0.900
1.033
1.033
1.100
1.233
1.900
2.567
2.800
3.000
3.100
3. 267
3. 367
3. 858
4.667
4. 833
4. 867
4. 967
6.100
6.233
6. 333
Io 533
11.500
13.167
16.433
23.900
25.300
22.333
40.000
56.433

0  r r'I
0 . AA I
t!.AAR
o nne
0.031
A 012
0 UIUI
D AI?
0 Al'!
0.040
0.0?4
0.009
0.0?I
0 OII9
U.oo9
0.013
0.0?8
o 04?
0 029
0 007
0.010
0 01?
O.D/5
0.012
0.090
0.134
0.041
0.027
0.007
0.010
0.018
0.068
0.061
0.143
0.007
0.116
0.062
o.o48
0.125
0.033
0.131
0.209
0.035
o.lae
0.114
0.122
D.309
0.207
0.417
0.172

0.000
0.000
0.000
0.033
0.033
0.000
0.100
0.033
o.o88
0.067
0.D67
0.033
0.088
0.176
0.050
0.088
0.033
0.136
0,153
0.484
0.153
0.751
0.240
0.291
0.306
0.285
0.361
0. 381
0,153
0. 100
1-557
0.353
2.869
0.651
0.617
o.?84
0.953
1.302
1.510
0.731
5 535
2.749
1.500
2.892
7.794
1. 124
?.o84
7.864
5.060

16.530

17
11
?4

14
38
?
4

39
?n
21
29
46
34
IU
19
?5
9

18
40
41
45
27
II
33
6

52
3

48
13
5

36
28
42
47
43
I

50
26
49
22
54
Se
51
55
53
7

4
32
46 5
12
20
IS
14
?4
52
49
33
13
35
48
29
17
40
31
21
45
28
34
6

39
38 2
55
36
27
51
19
3

41
43
53
47
50
IO
II
9

42
I
7

26
18
54
25
2?
56

A Af/
A. I I!
A. 16?
0.?0 i
fi. /6/
A.?6/
n.!!!
A. �7
o. 4nn
f! fror!
A.  r67
O.srno
0.633
o.fe?
n.e67
0. 700
0. 767
6. 767
D.R67
1.133
I.167
l.?33
1.267
1.30D
I . 367
I . 367
1.367
1.400
1.433

533
1.533
1.567
1.600
1.600
1.667
1.833
1,933
2.233
2 533
?.567
3 033
3.200
3 733
4.225
8.833
9.200
10.533
28.267
28.800
67.550

1.233
1.267

333
1. 400
I . 600
I . 600
1.633
1. 700
1,767
1.800
I . 800
I . 900
I. 967
1. 967
2.000
2.033
2. 100
2.100
2.300
2.367
2.467
2.633
2.667
2.733
?.Roo
3.867
3.900
3.900
3.933
4.000
4.200
4.467
4.583
4.60D
4 733
4.8oo
5.100
5.367
5.600
5.800
5.833
6.soo
8.367

10.033
11,033
13.483
14.492
14.967

fr AI!
0 fr'} I
ti Af/
O. U' fl
A A 33
A i?A
0 I	
A 1	
A.153
0 .?00
0 ?03
t! 153
0 133
0?33
0. 176
0 153
D 145
0 145
0.088
0. 120
0.318
o.oSR
0.328
0 173
0.145
0.067
o 088
0.153
0.088
0.067
0,033
D.601
O.ese
0. 321
0.145
0.233
0.328
0.219
0.318
0.376
0./88
0.231
0.273
0.646
1.915
2.397
2.051
8.989
4.057
S.o64

0.240
0.186
0.546
0.473
0.265
0.153
0.219
0.400
o.426
o.?os
0. 361
D. 252
1.027
0.448
o.eee
U.oS8
0.643
0.321
0 503
o.oss
0.649
0.273
0.433
0,384
o.eoa
0.769
0. 306
0. 1 73
0. 696
0.436
0.781
0.033
0.441
1.480
0.393
0.777
0.379
0.376
0.252
0.802
1.102
1.014
1.506
0.333
?.45o
0.830
1.10'9
4. 86'r



TABLE 5. CORRELATION COEFF CIENT NATRIX FOR SETTLED VOLUME
ANO HACROPLANKTERS FOR THE 56 STATIONS

Fish
Larvae

agi the Luei ferVo 1ume

Vo'I ume

Sapid.M

Lucifer

Fish Larvae

I. 0000

0.6545

O. 1298

0.3848

I . 0000

-0 0775

0.2291

1.0000

-0.1089 1.0000

Figure 3a presents a dendrograph showing the relationship between
locations for the four variables and Figure 3b for the three variables .
Three clusters are readily apparent in both figures. Cluster I contains
three locations  C, D, F! within the harbor, cluster II only the intake
site  B!, and cluster Ill the discharge site  A! and offshore site  F! .
The locations in cluster I have less settled volume than those of clusters
II and III, with cluster III having the highest settled volume.

Figure 3c and 3d presents dendrographs of the four and three
variables among stations and depths. The surface tows at the discharge
site  A! are closely related to the offshore site tows  F, f!, The surface
tows at the intake  8! form an individual cluster. The remaining cluster
or clusters tend to separate by depth, particularly in the three variable
case. As might be expected in an estuarine situation, the zooplankton
seem to be stratified, with the upper and lower water masses having
different zooplankton compositions. The surface tows at the Nuuanu Stream
mouth site  E! seem to be more closely allied to the deeper water tows at
the other harbor sites. This may be due to increased mixing at the stream
mouth.

Figure 4 presents dendrographs of all stations  a station is defined
by location, time, date, and depth; see Appendix A!. Five clusters are
evident in both the three and four variable cases with only one station
differing between the cases. Station 32 in cluster I of the four variable
case is in cluster EI of the three variable case.

Cluster I contains 16 stations in the four variable case �5 in the
three vari able case! of which 12  ll in the three variable case! are
surface stations. Four stations in this cluster were 3-m samples.

16

Cluster IT for the four variable case contains eight stations [nine
in the three variable case! . All of the samples from these stations were
collected during the February 20, 1973 sampling period except for a single
midnight sample collected in June. This June station and one February
station were surface tows at midnight; all the remaining stations were
from a depth of 3 m in the four vari able case. The station �2! whj.ch
differs between clusters in the three and four variable cases was collected
at noon on the surface in February and belongs to cluster II of the three
vari able cas e.



Fl GURE 3. Dendrographs showing relationships between zooplankton
col lection locations and depths based on correlation
coefficients:  a! four variable case, locations;  b!
three variable case, locations;  c! four variable case,
locations and depths;  d} three variable case, locations
and depths. Clusters are indicated by roman numerals
and, in  c! and  d}, upper case letters indicate
surface tows and lower case 3-m tows,
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1,3,22,

45,

28,

8.53,

27,

>4,29 48..8,1'2,d,42,'

FIGURE 4. Dendrographs showing relationships between
zooplankton stations based on correlation
coef f i c i ents: lef t, four vari able case;
right, three variable case. Clusters are
indicated by roman numerals.



Cluster Ill contains seven stations, four surface, and three at the
3-m depth. All but two stations were sampled during June

Cluster IV consists of eight stations--all of which were sampled at
noon and five of which were surface stations .

Cluster V contains 17 stations of which 14 were sampled at midnight.
The remaining three stations were sampled at noon and all are from a 3-m
depth.

Stations from the discharge site  A] occur in each of the clusters.
All midnight discharge stations occur in cluster V and 3-m, non-midnight
stations occur in cluster lI, Apparently, time and depth arc more
important factors in determining the distribution of the macrozooplankters
than is the power plant discharge.

ln general, the discharge site, particularly the surface waters, is
more similar to the less polluted offshore site than to the other sampling
locations within the harbor. The macrozooplankton of the harbor bottom
water is distinct from the surface water macrozooplankton  Figure 3c and 3d!

Possible explanations for the high volume of plankton in the discharge
basin compared with other portions of the harbor include greater food
supply, low predation, or an optimization of physical factors. The entrain-
ment of plankton in the power station circulating water system could kill
or injure microzooplankters, thereby increasing their catchability. An
examination of plankton entrainment effects was made. Net hauls were taken
directly from the discharge plume, approximately 15 feet from the discharge
point. These samples were examined immediately to ascertain thc extent of
damage to the entrained plankton. Approximately 10 percent of the zooplank-
ton was observed to be killed immediately. '8enthi c organisms such as
gammaridean amphipods and tanaidaceans were abundant in these samples;
most were dead. Apparently these organisms are abundant among the fouling
within the cooling system and frequently become dislodged.

An enriched phytoplankton standing crop in the discharge basi~ could
result in a greater abundance ot herbivorous microplankters and thereby as
increase in carnivorous macroplankters. For samples collected on June 19,
1973, chlorophyll values from the discharge basin  A! and the i~take basin
 8! were not significantly  P   .05; student's "t" test! different. Highly
significant  P   .05! differences were present, however, between day and
night samples at each of these locations and in the harbor chan~el  D!.
Significant  P   . 05! differences were found between the harbor channel and
the discharge basin both during the day and at night. The intake basin
and the harbor channel also were significantly different at night.

Possibly, herbivores are reducing the phytoplankton standing crop
during the night while during the day phytoplankton productivity rates
outstrip zooplankton grazing rates, thereby replenishing the phytoplankton
standing crop. lf this were the case, it would be probable that high
zooplankton volume  abundance! would occur during the day with minimum
volume at night. It is also possible that zooplankton volume would reach
a minimum maintenance level at night throughout the harbor. The mean =oo-
plankton volume of all samples collected during the night was lower
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�.431 individuals per cubic meter! than those samples collected during
the day �.546! although these means are not significantlv different.
Furthermore, cluster V as shown in Figure 3 is composed mostly of night
stations from all harbor stations, Thus, there is an indicatioii that at
night the zooplankton within the harbor are less abundant than d»ring the
day and that a maintenance level is attained throughout the harbor.

Honolulu Harbor is ranked fifth in importance as a site for nehu
fishing in Hawaii. The nehu  StoZephoru» p~mpureusl is a baitfish used
for tuna fishing. Hiatt �951! stated that lucifer~ chacei is signif icant
in the diet of the nehu. Presumably, Sagest& and Led f'er may also bc
important in the diet of many other small fishes. The exclusion of fishes
from the discharge basin to any extent cauld, therefore, favor an increase
in the abundance of these organisms. Appendix B presents the fish larvae
collected during the May 1972 tows in the intake and discharge basins.
Nehu were present in all but a single sample. The number of nehu i» the
discharge tows is significantly greater than the intake  Student's "t"
test, P < 0.01!. liowever, total fish larvae in the intake is greater,

Table 6 presents the total fish larvae collected in tow 166. The
1/25 aliquot used for the May and November 1972 samples probably tended to
overestimate the number of larvae present. For example, 4SO were estimated
but there were only 297 in the case of tow 166. The 1973 fish larval counts
were, therefore, taken for the entire sample, not just an aliquot. The
large number of apogonid-gobiod type of fish and nehu in these samples is
striking.

TABLE 6. FISH LARVAE FROM TOW 166

TypeNumber

Total fish larvae297

3
41

83
2

3
1
1
I

5
16

1

l 17
5

2
lt

3
1

Carangidae
StoZephorus purpuzeus  Engraulidae!
SchindZerm sp.  Schind leriidae!
AIndefduf abdamina2is  Pomacentridae!
Abudefduf sp.
Pomacentridae  type l2!
Unidentified Pomacentridae  x!
Unidentified Pomacentridae  y!
Apron braehygzarmus  Apogonidae!
Apogon idae
Apogon idae  unidentified wi th heavy ventral pigment!
Apogon id-Gobi oid type
Ze22oge22a oZzgoZep~s?  Gobiidae!
Tetraodontidae
Labrid-like
Unidentified yolk-sac larvae � or 5 kinds!
Unidentified sp.  with heavy dorsal body pigment!
Pomocentrid type 11



A fish census was attempted to establish the abundance of fish in the
various areas of the harbor; however, the limited visibility within the
harbor made SCUBA diving counts exceedingly unrel iable. Twenty-eight
species of fish were sighted within the discharge basin, several in great
abundance. The limited, quantitative data on the fishes make it impos-
sible to state differences in predatory pressure upon zooplankton between
the various locations. The limited visual counts have not shown a decrease
in fish numbers in the discharge basin, hut rather have suggested the
opposite to he true.

It is quite possible that the increase in circulation within the
discharge basin brought about by the pumping of 13 m~/sec of seawater
into the discharge basin by the Honolulu Generating Station may he benefi-
cial to some plankters. Although the general surface movement of water is
out of the basin, back-eddies may exist within the water column whereby
macrozooplankters could control their position in the discharge basin hl
vertical movement and thus be carried back into the basin by eddies.
Regrettably, the current data necessary to evaluate this possibility are
not available.

The increased abundance of zooplankton in the discharge basin nay be
a result of the synergistic effect of increased food, more optimal
physical factors such as temperature and/or circulation, or a reduction in
predatory pressure Predatory reduction appears to be the least plausible
explanation, since the limited evidence available suggests otherwise

Coral Survey

Coral growth and abundance in the intake and discharge basins are
summari zed in Table 7. The four species previously mentioned were fourd
to comprise 95 to 99,8 percent of the total living surface area on each of
the four walls. The remaining five species were encountered infrequently
and account for a minor portion of the total coral biomass, .cr-.~,.;
taL~rz u, followed hy t~1ona pore pa~@!a, is the dominant species in terms of
hath number of colonies and total surface area in both basins.

The surface area provided by the Pier 7 and Nimitz Highway walls is
approximately the same in both intake and discharge basins. Therefore,
the effects of plant discharge on coral settlement and growth may he
evaluated by comparing the intake and discharge sections of the two walls.
Although a greater total number of coral colonies was found in the intake
than in the discharge basin  Table 7!, the total living surface area of all
species in the discharge basin exceeds that of the intake b> about 1.6
times, These results indicate that growth of coral in the discharge
basin has not been measurably inhibited by p lant effluent,

A comparison of the mean radii of the four principal species among
the four walls  Table Bl suggests that corals growing in the discharge
basin were, on the average, larger than those found in the intake basin.
Analyses of variance of colony radii from the four walls were highly
nificant for all four principal species  P < .01, Table 8', ~tultiple



COVERAGE ADJACENT TO HONOLULUGENE RAT I NG STAT lOhl

Hean + SE
Colony Radius

 cm!

percentage of
Total Live
Coral Area

Humber of
Co I on I es

Total Colony
Area  cm2!

Species

Intake basin, Himftz Highway @all

138
19
43
2

ll

I
I

218To ta I Co ve ra qe 38093 100

lg I
196
226
65
11

9 2
83754709 100

121847927

Discharge basin,

73
49
19
13

84423 100157To ta I Cove rage

Ofscharge basin, Pier 7 IfaII

116148 100501

658 200571 227
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TABLE 7. LIVE CORAL

Pori tee Lobata
ffontipora patula
Poci l loporc rrreandrina
Lep tastrea purpurea
,uonti porra verrucoea
Pari tce comprseea
Pavona var iarte
Poci! Lopora damicornis

Pori tee Lobata
Stontipora patula
sfontipora verrucoea
poci l lopora rrrsandrina
frfontipora verrilLi
Poci Llopora damioornie
Pavona variane
Poritee corrrprseea

Tote'f Coverage

fHTAKE BASIH, TOTAL

Pori tee Lofrata
irfontipora pctula
Yontipora verrucoea
Poci l foirora meandrina
Poci Llopora darrricornie
hVntipora verrilPi

Pori tee Lobata
Nonti para patula
Montipora verrucoea
Poci l Lop ora msandrina
Poritee crrnpresea
Pavona varians
~r ptaetrea purpurea
Pncillopora darrricornie
.rem tipora verri L Li

Totai Coverage

DISCHARGE BASfH, TOTAL

144
171
i24
47

2 5 3 3
2

5 2 + 0.23
4.9 r 1,23
2.4 + 0.20

13-9 '- 1.27
4.0 + 0,77
5.5 + 1.12
6.35
2.03

Intake basin ~ Pier 7 Hall

5.4 4 0.18
45 '0-19
4.2 + 0. 14
3.6 + 0.23
4,1 ' 0.07
3.4 + 0.69
3.4 ~ 0.30
3,2 + 0.63

HImiltz fflghway Maf I

7.8 + 0,37
12.9 t 0.9g
I I.8 + 2.63
5,6 t 0.58
3.2
5,1

6.5 + 0.34
7.0 + O. 31
5 8 ~ O.26
4.0 ~ 0.41

14,0
5.9 + 0,26
4.9 + 1.61
21+085
3.2

30250
3084
1997
1236
755
618
127
26

42780
16620
15320
6696

986
887
344
131

32730
32840
15770
2869

132
82

54340
35030
16300
6973
2473
559
276
111
86

79 8 5 3
2 2 2 0.>

51
20

18 8 1.2
1.0
0.4
0.1

39
39
19 3
0. 15
0. 09

47
30

14 6 2
0,4
0.2
0,0y
0.07



TABLE 8. MEAN RADIUS SIZES DF FOUR PRINCIPAL CORAL SPECIES FROM HECD
INTAKE AND DISCHARGE BASINS IN HONOLULU HARBOR. Anaiysis of
variance  ANOVA! compares variances within vs. between the
four walls sampled, Homogeneous subsets denote walls where
differences among mean radii did not differ significantly
 Duncans New Multiple Range Test, alpha = 0-05!-

Poli tes 7obata, ANOVA F ratio = 14 .8, P < . 01

Location

Radius  cm! bt

X
SE

5.40
0.18

191.00

6.50
0.34

144.00

7.80
0-37

73.00

5.20

0.23
138.00n

Homogeneous Subsets

Mant".pora pal%, ANOVA F rat io = 59.2, P < .Ol

Radius  cm!

X
SE

4.50
0. 19

196.00

4. 90
1.23

19.00

12. 90

0. 99
49. 00

7.00
0.31

171.00n

Honegeneous Subsets

Mar,'tipoza ver~cosa, ANOVA F ratio = 32.I, I' < .Ol

Radius  cm!

X
SE

4. OO 4.20
0 77 0.14

11.00 226.00

5-80
0.26

124.00

11. 80

2.63
19.00n

Homogeneous Subsets

Poli l.lopom mear~na, ANOVA F ratio = 9.8, I' < . 01

Radius  cm!

X
SE

3. 60
0.23

65.00

4. 00
0.41

47.00

5.60
0.58

13.00

2. 40
0. 20

43. 00n

Homogeneous Subsets

-Intake basin, NH wall.
+Intake basin, Pier 7 wail.
5Discharge basin, NH wa11.
PDIscharge basin, Pier 7 wall.
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comparisons of mean radius sizes from the four walls were run using Ouncan's
new multiple range test with a significance level of .05. The results indi-
cate that, for all four species mean radius was significantly greater on
the Nimitz Highway discharge wall than on the three other walls  Table 8!,
For P. probata and M. pa ula, the two most abundant species by both number and
surface area, the Pier 7 discharge wall colony mean radius was significantly
greater than the two intake basin walls, which comprised homogeneous subsets.
P. rneandrina shows a significantly smaller mean size on the Nimitz Highway
discharge wall and homogeneity between the intake and discharge Pier 7
walls. These species thus indicate significant increases in colony radius
with increasing proximity to the discharge, A similar pattern is indicated
for M. uer~oaa; however, homogeneity of radius size between the Vier 7
discharge wall and the two intake basin walls is indicated for this species.

The data were examined for correlation of number of colonies, radius
size, and total living surface area with increasing distance from the in-
take or discharge for all species. Results from all depths were summed
for each meter of distance along each of the four walls. The linear
distance of points along the Pier 7 discharge wall was calculated as the
hypotenuse of a right triangle with a base of 60 m �37 ft!.

Despite the significant differences in mean radii among the four walls
which indicated increased coral size with approach to discharge  Table 8!,
no significant correlation was found between radius size, number of colonies,
live surface area, and linear distance from intake or di.scharge  Table 9!.
Correlations between these variables and linear distance from outfall
ranged from r = -0.19 to 0.12. The percentage of variance of the colony
number, radius, and area variables explained by distance from intake or
discharge was determined by means of stepwise multiple linear regression.
The percentage of variance explained by distance  Table 9! was derived from
the residual multiple correlation coefficients. This was done by treating,
in turn, colony number, mean radius, and total live area for each meter
along a wall as a dependent variable and determining its multiple correlation
coefficient when plotted against the remaining two variables wi th and without
linear distance as the independent variable, The differences between the
squared correlation coefficients x 100, with and without linear distance
considered, represent estimates of variance in variabl.es explained by the
distance variable.

The results {Table 9! indicate that distance from intake or discharge
accounted for no more than 2 percent of the variability of any dependent
variable along any of the four walls. Such results indicate a negligible
plant effect despite the significant differences among coral mean radii of
the four walls and indicate that whatever factors are responsible for the
size differences do not change linearly with distance from intake or
dischar ge.

Coral growth does, however, appear to be correlated with depth in both
the intake and discharge basins. Fig~re 5 shows the distribution of mean
radius size with depth for the two dominant coral species, P. lobate< and
M. patuln. All four species showed reduced size for the 0,5-m depth, a
peak mean radius at an intermediate depth, and gradual but fairly consistent
decreases in radius below the maximum radius depth. The figure indicates
a depth zonation by species that was noted during the survey. At depths
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TABLE 9. RELATIONSHIPS BETWEEN LINEAR DI STANCE  m!, TOTAL NUMBER OF
COLONIES, MEAN RAD IUS S I ZES  cm! AND TOTAL AREAS OF L I VE CORAL
covERAGE ADJACENT To THE H0NOLULU GENERATING sTATION

Correlation wi th Distance from
Intake or Discharge

Tota I
live area

RadiusNo. of coloniesLocation

0.12 0.10

-0.06-0.03

O.o4 0. 110.12

AI I walls
combined

-0.063 -0.120-0.090

Percentage of Variance Explained by Distance
from Intake or Discharge

0.6s2.01o. 19

o. 04 o.16 0.00

0.120. 01 0.17

o.48 0.01

O.oo 0.030.07

0.200.03 0.70

All walls
combined

0. 10 0.170.00
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a and b

c and d

a and b

c and d

-0.09

-0.039

-0.05

-O. 12

-o.o8

-0.22

-0.080

-0.07

-0.19

-0.084

-O.24
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of I to 2 m, P. Lobata and P. megnciriez radii were maximum, hence these
species dominated the coral coverage. Maximum radii and dominance of
coral coverage by Montfpoz'a species occurred deeper, at 2.5 to 5.0 m.
The mean radius maximum was particularly prominent for both Nantiporvas
from the Nimitz Highway discharge wall.

'%o other areas in Honolulu Harbor were examined for coral growth at
the time of this study. Both areas were selected on the basis of their
providing suitable coral settling areas on concrete or dead coral rubble.
No living corals were found in the first of these areas, which was located
along the harbor shore of Sand Island. The second area examined, a basin
bordered by Piers 4 and 5, represents the area most similar in physical
configuration to the intake and discharge basins. Hard substrate suitable
for coral settlement may be found on the Pier S and Nimitz Highway
boundaries of the basin. During a brief survey of this area on October 16,
l973, only l2 corals were found on the Pier S wall, and 27 corals on the
Nimitz Highway wall. Newly settled P. mean~na was dominant at Pier S,
which is a recently constructed wall of large basalt stones. P. lobate
was the dominant species along the concrete and coral rubble at Nimitz
Highway. All colonies observed were small  radius less than three inches!
and few were found deeper than I-m depth. Species of Mntipora were con-
spicuously rare in this area; only one specimen of M. verruc.osa was found,
This basin was periodically receiving fresh water pumped from the adj acent
Federal Building construction site, which might have adversely affected
living corals. However, salinity measurements on November I, l973
indicated salinity alteration to be limited to a depth of less than 0.5 m
and that minimum salinity was about 30 ppt. Moreover, any coral mortality
related to construction site de-watering would have been evidenced by
recently dead coral skeletons, none of which were noted.

These results suggest that present levels of alteration of "natural"
conditions in Honolulu Harbor by the power plant have provided a physical
environment more amenable to coral settlement and growth than elsewhere in
the harbor at present and perhaps more so than at any other time during
recent geological history. Ontil the time of the dredging of the Kalihi
Channel in the 1930's, water movement in the harbor was principally due
to Nuuanu Stream drainage, which currently averages I8,750 m3/day
� million gal/day!. Agassiz �889! described the entrance to Honolulu
Harbor to be merely a channel kept open by Nuuanu Stream, which "killed
the corals in its path, scouring at the same time in freshets the whole
harbor and the adjacent limestone walls forming the channel"  p. 145! .

The present intake and discharge basins adjacent to Pier 7 were
dredged in I90S {Harbormaster's office, 1973: personal communication!,
which thus is the earliest date coral growth could have occurred in this
area. By comparison, the basin bordered by Piers 4 and 5 appears on maps
from as early as 1900. Therefore, the lower coral abundance and reduced
growth in the latter basin are due to factors other than a shorter time
period for growth to occur. Water from the HECO intake basin was first
utilized for cooling purposes in June 1920. Usage increased through 1957,
at which time water circulation through the plant reached the present mean
rate of 660,000 m3/day �70 million gal/day!. Assuming a. mean depth in the
basins of IO m, each basin has an approximate volume of 78,000 m and each,
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therefore, has the potential of being flushed about 8.5 times daily under
normal trade wind conditions. This high flushing rate, coupled with the
relatively close proximity of the power plant to the harbor's entrance,
ossibly has concentrated coral planulae in the basins where substrateposs y

and physical conditions are suitable for coral settlement and g rowth.

Within the intake and discharge basins, the comparisons made in Tables
7 and 8 indicate that, although plant discharge has prohibited coral growth
along the south side of the discharge basin, thermal enrichment has not
measurably damaged living coral elsewhere in the discharge basin and, in
fact, may have enhanced growth rates. However, these results may also
reflect a reduced rate of planula settlement along the Nimitz liig»ay
discharge wall in recent years. Fewer small, more recently settled cora sals
were noted on this wall compared with the Nimitz High~ay intake wall, espe-
cially of the species P. meankina. Such results are consistent with findings
of' Jokiel et al . �974!, who have experimentally determined the temperature
requirements For settlement and development of young stages of Pocf 22opom
a'amicornia to he morc restricted than the temperature tolorances of the
adult colony. Therefore, adult corals might be expected to survive at
temperatures higher than suitable for planula settlement, provided no factor
necessary for growth, e.g., light. or food material, were in short supply.

Extensive measurements of temperatures or other physical factors were
not undertaken in this survey. However, data from an earlier study  Buske
and McCain, 1972! indicated temperature elevations along the Nimitz Highway
discharge wall to range from 0.9 to 5.5 C �' to 1D'F! above temperatures
along the Nimitz llighway intake wall at depths through 4.9 m �6 ft! . The
maximum temperatures at the point of discharge during 1972-73 often exceeded
the 30'C  86'F! value demonstrated by previous studies as detrimental to
coral survival. llowever, a continuous in situ temperature recording made
using a peabody Ryan thermograph measured temperature at 1-m depth, 1 m
from the discharge port of Unit No. 7, to not exceed 27'C between July 31
and August 7, 1973, when ambient ~ater temperatures approached annual
maxima, Substantial thermal alteration of receiving water is therefore
principally restricted under normal wind conditions to the basin's south
side, wi th slight surface warming occurring elsewhere within the basin,

Water turbidity and sedimentation rates within the basin were not
quantitatively measured during this study, but qualitative observations
made weekly while diving indicated turbidity to be highly variable.
Underwater visibility during the survey varied from about 10 m to as little
as 0.5 m on one occasion during heavy ship traffic. Turbidity appeared
generally higher in the discharge than in the intake basin, except near
the intake structure. Continuous in-pumping of water from the intake
hasin hy the plant probably disturbs sediments immediately adjacent to theintake, thus reducing water clarity in this area. Such a turbidity
increase may in part account for a complete lack of corals on the Nimitz
llighway intake wall within 14 m from the intake structure.

Despite substantial accumulation of sediment on the bottoms of both
basins, little or no sediment has accumulated on the horizontal ledge that
extends along all four walks at about 1.5 m �.9 ft!, probably because of
the periodic surge that tends to sweep accumulated sediment from the ledge,
Both turbidity and accumulated sediment on horizontal surfaces tend to
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increase with depth and both factors may contribute to the decrease in mean
coral size illustrated in Figure 4. However, because virtually all corals
below 2 m are growing horizontally from a vertically oriented surface, the
effects of sediment accumulation are probably negligible compared with the
effect of decrease in ambient light associated with increasing depth and
increasing turbidity with depth .

Salinity variations within the basins probably produce a negligible
offect on coral growth. Measurements made in 1971 and 1972  Buske and
McCain, 1972! showed a maximum difference between the basins of only
0. 5 ppt and minimum salinity to be 33.8 ppt at surface. Similar results
were obtained on November 1, 1973,

The results of this study lead to the conclusion that present levels
of thermal discharge by the Honolulu Generating Station have in no way
impaired coral growth in Honolulu Harbor, although settlement of coral
larval stages may have been inhibited to an unknown degree in the area
most proximal ta the plant's discharge. However, given the almost
complete absence of living coral else~here in the harbor, it is likely
that the increased circulation of water produced by the station has
elicited coral settlement within both the intake and discharge basi~s
that otherwise would not have occurred,

Fish Survey

A checklist of fishes taken during this survey is presented in
Table 10. A total of 47 species has been recorded from the harbor,
principally from trapping. Peeling et al. �972! identified 62 species
of fish during the Naval Undersea Center  NUC! study of Pearl Harbor. The
most recent NUC report �973! stated that approximately 28 additional
species have been identified since the 1972 report bringing the total
number of fish species to 90 for Pearl Harbor. The MUC study consisted of
trapping, visual transects, and gill net surveys; therefore, a longer
species list may be expected.

All but seven of the species recorded for Honolulu Harbor have been
recorded in Pearl Harbor. These species are Aoanthurus nigrofuseus, A.
nigrosis, Adio~z zanthe~thnu, Chaetodon unirmaulatus, Chromos oualis,
Qmpristis borboniaus, and Pomzcsntrus jenkinsi. Table 10 gives the
classification of feeding habits of these based on foraging methods as
given in Hiatt and Strasburg �960!. Three of the seven species are
classified as algal. feeders, two as carnivores, one as a plankton feeder,
and one  CAaetodan unimGculatus! as a coral polyp feeder. The lack of
living caral within Pearl llarbor probably explains why C. unirmouMtus
does not occur there. The reason for the absence of the othe~ species is
not obvious.

The environmental pref'erence values Q and f in Table 1 0 are taken from
the 1973 NUC study, "Q" values represent environmental preferences rated
on a 0 to 100 scale from clear to mast pollut.ed ~aters and the f values
refer to the strength of preference. Using these values an environmental
preference index can be calculated as follows;
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TAI3I E 10. CHECKLIST OF F I SHES FROH HONOLULU HARBOR

 ol lect ion Enyl ronmen I Pr
Feeding IIab I t Loca t iona IIe lbodtSpecies

1.5
1.5
2.3
1.8

50
50
22
32

42
50
50

1.0
1,2
0,6

2,710

1.5
1.8
1.8
1.4
1.9
1.6

50
36
36
48

40

I.B
1.8
I,B
2.1
2.1
1,5
2.3

30
36
32
26
26
5D
22

2,1
1.2
1.5
1.9
2.7

30
40
50
34
10

carnivore
carnivore
<ennivore
carnivore
omnivore

D D I I I, D
T, Vcarnivore I, 0

I.BT, V

T T T
32.I, D

I, D

D I, D

ca rn I vore
carnivore
ca rn I vore
algal
omn I vore

2,3
2.7
2,7

22
IO
IO

22T, Vcarnivore

46
10

1.3
2,7

T ~ V
V
T

0

D D
ca rn I vora
oeec I vore
a I ga'I

50
28
50
22
32

1.5
2.0
1.5
2.3
1.8

V V
T, V
T, V
T, V

D 0
0 D

I

cern i vore
alga I
ca rn I vore
oeec I yore
a I ga I

*I ~ Intake; 0 ~ Discharge
tT ~ Traps; V ~ Visual
$1 ~ Tace; 2 ~ moderate; 3 high
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Abudefduf abdominaiie
Abudefduf aordi<hca
Aoanthurue duaeumieri
Aoan Churue erc Ca
Aoanthurue ni grofueoue
Aoanthurua nt'groats
Aoanthurua Crcoategue
Aoan the<rue axnc Chopter ua
Arothrorc hiepidus
Adi orya zcantherythrua
AuLoetemue ohinenei e
Canthigaeter jaetator
Carafe ignobi Lie
Carafe me Lantcygue
Corona eesfaoiatue
Chas todon auriga
Chas Codon LunuLa
Chas todon mi Liarie
Chas Codon uniaxtouLa tus
Chroerie ooagia
Conger margina tue
Ctenoohae Cue a trigoaucc
LhxeoyLLue aibieeLLa
&iodon ho Looanthua
Diodon hystriz
8 Lope hauaiiensis
F Lanreeo aacnmxra
Cyano Choral

fLa cc iecxrgima t us
Gyenothorax' un<bc La tue
fiuhLia eandoi.oeneie
Lutjanue fulvous
fei crooanthua atri ga Cue
cchc LLoidiohthye

auri- fLacnna
ffu L Loi diohthye

sarwenei e
t@riprietis borbonious
feyriprietie mur4an
yaeo unicornie
Oa Craoi on me Leagrie
Parupene us

eecLti faaoi atua
Parupe neve

porphyreue
Per<<agar epi Loeonez
Poecoaen true jenf<inei
Soomberoi des

sano ti petri
StethojuLia baLteatue
Upeneus arge
Zone. Lus canes acne
Zebrasonex fLacfeeoens

p lankton
<ann 'I vo re
a 1 gal
algal
algal
algal
a I ge I
a lga I
omni yo ra
carnivore
cern I vo re
<mvc I vore
carnivore
carnivore
cern I vore
oerc I yo re
cora I polyps
plankton
coral polyps
p lank ton
carnivore
a 1 gal
plankton
carnivore
carnivore
carnivore
carnivore

D
D
I, D
D
I, D
D

D
D

I,
I, 0
D
0
I, D
I, D
0
I, 0
I, 0
D
0
0
I ~ 0
I. D
D
0
D
D
I, D

T
T
T, 'V

T,
T, V
T, V
T
T, V
T
V
V
T
T
T
T, V
T, V
T, V
V
T
T
T, 'If
V
T, V
T
T
T, V
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where n = the number of species and g and f the environmental preferences
and preference strengths, respectively. Based on the species which are
shared with pearl Harbor and for which g and f values have been generated,
an Index B" value of 0.87 is obtained for the discharge with 34 species and
1.40 for the intake with 22 species, These values compare closely with the
Index B" value for NUC station BC-ll located near the mouth of Pearl Harbor
which was considered the least polluted station of the NUC survey. The
discharge basin B" value is lower than that of the intake suggesting less
pollution in the discharge in terms of this index.

Approximately l,200 fishes were tagged during the mark-recapture
survey Forty-five fishes of ll species moved between traps as summarized
in Table ll. Movement was primarily between traps within either the intake
or discharge basins; however, movement from basin to basin did occur. A
total of 11 fishes of six species  Aocznthurue nzg~ofuscus, A. tm'ostegua,
A. xanthopterua, Aro 5hz on hz'spidu8 Oa tzvzcio~ me leagr is, and Pczrupeneu"
porphpreua! moved between the intake and discharge basins, a distance of
120 to 300 m. Kumu  Pczrupeneua porphyreua! migrated between the basins in
five of the ll moves. Five fishes of four species migrated from the intake
to the discharge basin and eight fishes of five species moved from the
discharge to the intake. A single individual of each of two species,
Oetraezor! melecuyria and Acanthurua nzgr0fuaous, went from the discharge
basin to the intake and then returned to the discharge.

The modified Schnable equation  Ricker, l958! was applied to the fish
tagging data to obtain an estimate of population size. This equation is
as follows:

t
K CM!

L R + I!

where 8 = population estimate for day t; M = total number of tagged fish
't tat large at start of day t; C = total number of fish captured on day t;

tR = number of recaptures in sample C . The results of this computation
a!plied to the various traps for fish species recaptured are shown in
Table 12. This estimate is useful when dealing with a large number of
tagged and trapped fish; however, it tends to underestimate the size of
small populations. Estimates were made, therefore, for only the more
common species with at least five or more individuals in any one trap.

The fishing area of a trap varies with physical influences near the
trap as wel I as with the foraging area of the species. McCain and Peck
�972b! compared adjacent fish trap and transect data from the reef area
off Kahe Point and estimated trap fishing areas between 0.016 and 0.057
hectares �.04 and 0.14 acres!. The area varies with thc species, wide-
ranging fish like goatfish obviously covering a large area and narrow-
ranging fish like damselfish covering a small area. Mot.ility values are
given in Table 10. Table 13 presents fish standing crop estimates based
on a species with a motility rating of one having a trap fishing area
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FISH TRAPSTABLE

Originating
Trap

Subsequent
Traps

Second

TrapSpeciesTag No.

2, I

32

H-00104
H-00130
H-00136
H-00213
H-00223
H-00271
H-00883
H-01052
H-01101
H-01119
H-01153
H-01199
H-01200
H-01202
H-0 1 208
H-01218
H-01222
H-01244
H-01267
H-OI301
H-01311
H-01389
H-01395
H-01401
H-01417
H-01420
H"0142}
H-01443
H-01519

H-01536
H-01541
W-02126
W-021 35
W-021 37
W-02 I 38
W-02144
W-021 49
W-02152
W-02167
W-021 72
w-021 79
W-02196
W-02204
W-02211
HO-00183

11. FISH HOVEHENT BETWEEN NONOI ULU HARBOR

Acanth~ dussumiem
A~thmn hispi2us
Acanth~ tmostegus
Os tracion me league
Ostracion me league
Mul loi dichthys samoensis
Zancl,us canes cens
Arothmn hispidus
Pm upeneus porphyr eus
Chzetodon alga
Acanthi@ us nip ofuscus
Acanthous thos tegus
Acanthuses tmostegus
Acanthous t~ostegus
Acanth~ xnnthopte~
Acanthuvua xanthopterxcs
Acanthuses nigr ofuscus
Par upeneus porphyreus
Pampeneus po~hyz eus
Acanthus@. t2n',ostegus
Acanthurua tmostegus
Acanthous tmostegus
Acanthus'us axmthopte~s
Parupeneus po~hyr eus
Cavan' melampygus
Pa~peneus povphyj.eus
Arothron hi spi dus
Arothr on hispidus
Acanth~ nigm fuscus
Pm upeneus po~hyr eua
Acanthous tmostegus
Acanthus' van thopte~
Acanthus: triostegus
Acanthus@ ~ostegus
Acanth~ triostegus
Acanthous tmostegus
Acanthuncs triostegus
Acanthus triostegus
Acanth~ ~ostegus
Acanthur us t~ ostegus
Acanth~ tmostegus
Acanthurnu; tmo tegus
Acanth~ tmostegus
Acanth~ trwostegus
Parupeneus po~hm eus



TABLE 12. SCHNABEL ESTIMATE OF POPULATION SIZE OF FISH IN
FISHING AREA Of TRAP

Trap Trap Trap Trap Trap
2 3 4 5Species

Abudefdu f Mdominalis

I1conthurus aussumzez'i

Acanthur us rreta

AcanLhurus nigr ofuscus

Acanth<o'us t'ai os teoz<s

Acanthurus xanthopterus

11 4222 33

17

8i

22636 2,172 30

98 83

511

1813211

56Arothron hispidus

Carana.. zgnobilis

19

303

49 325 9414Cavan' mel amp@ gz<s

Chaetodon auriga

Chaetodon lunula

902

47 27

65150

Ctenochaetus stmgosus

Diodon holocanfhus

144EuhZia sandvicenszs

Nulloidzch+hys auri flc~

MuZZoidichthys "amoensi s

Naso unico~is

Oslracion meleagris

Fampeneus multifasiatus

Parupeneus po~hyz'ez<s

Upeneus arge

ZancZua canescens

298

6

28 28225

10

18400

83

11

388

51

13

419645

147

65 43

Standing crop estimates were calculated using the length-weight
factors developed by the State Division of Fish and Game, the Naval
Undersea Center, and from the data developed during this study by apply-
ing the formula:

W = cL~

where W = weight; c = factor; L = length.

 area factor! of 0.0l6 hectare, two with a 0.036-hectare area, and three
with a 0.057-hectare area.
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The standing crop for the fishing area of individual traps for each
species of fish taken was calculated. Then a ratio was formed with the
Schnabel estimate to obtain the estimated weight of fish in the trap
fishing area. This estimate was then converted to a kilogram per hectare
 pounds per acre! estimate by applying the area factor. For example,
ll Acanthuses duesumie~ were taken and measured in trap 4. These fish
had a total weight of 1.43 kg �.155 lb!. The Schnabel estimate for this
species in trap 4 is 42 individuals. Therefore:

11 42
1.43 �.155 lb!: x

x = 5.46 kg �2 lb!

Dividing by the area factor of 0.036 hectares  Ov90 acres!, an estimate
of 150 kg/hectare �34 lb/acre! is obtained. Obviously, this estimation
of standing crop is dependent upon the size and frequency of fishes taken
in a particular trap. It is possible, therefore, for the Schnabel estimate
for a trap to be higher than another, yet have lower standing crop.

TABLE 14. STANDING CROP ESTIMATES OF FISHES BY FEEDING HABIT

Trap Trap 2 Trap T.ap 4
kg/hectare  Ib/acre! kg/hectare  Ib/acre! kg/hectare fib/acre! kg/hectare fib/acre! Trap 5

kg/hectare fib/acre!
Feeding Habit

75 �7! 565 �05!1309 �168!
74 �6!

833 �44!

7476 �670!

663 �92!

10355  9240!

3480 �105! 387 �45!
Alga I
Plankton

292 �61!

2096 �869!
718 �41!

2444 �180!

464 �14!

4191 �740!

190 �71!

358 �20!

18 �6!

1770 �580!

Omnfvore

Carnivore

Coral pOlyp
Total 2463 �1971 935  836!5258 �701!

Percentage o/ Total
12.6 66. I 41. 4

A!gal

Plankton
13.53.0

0.7

8.0 11.8Omnivore
17.1 20.30.3

85.1 38.358.333.6Cern i vore 72,2
Coral polyp
Total 99 9 99 9 100.0 100.0100.0
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The subjectivity of these estimates is obvious, but they do give some
indication of fish standing crops in the various areas of the harbor. The
discharge traps � and 3! with the exception of trap 5 have considerably
larger standing crops than do those of the intake  traps 2 and 4!. Listed
according to feeding habits  Table 14!, carnivores dominate the standing
crop of all traps with the exception of the two traps � and 5! which were
sampled only a short period of time. Carnivorous standing crop is obviously
higher in the trap directly in the discharge of the power station than in
the other traps. The percentage of composition does not appear to be
altered appreciably in the discharge trap.



These standing crop estimates are generally higher, particularly the
discharge trap, than standing crop estimates for tropical and subtropical
shallow water reef areas. McVey �970! summarized fish standing crop
estimates stating that natural reef areas range from 360 to 1,590 kg/hectare
�20 to 1,420 lb/acre! and artificial reefs from 260 to 6,980 kg/hectare
�30 to 6,230 lb/acre! . Brock �954! found an average of 360 kg/hectare
{320 lb/acre! for nine Hawaiian natural reef areas and Wass �967!
reported 1,255 kg/hectare  l,120 1b/acre! for a Kaneohe Bay patch reef.
McCain and Peck �973! estimated that the non-thermal influenced reefs
near the Kahe Generating Station had from 450 to 1,960 kgjhectare �,000 to
1,750 lb/acre! of fishes whereas the standing crop of fishes at the thermal
discharge reached 6,230 kg/hectare �,555 lb/acre! . Grimes �971! found
that fish abundance was greater in the thermally affected shallow areas
near Crystal River Steam Electric Station in Florida. The abundance of
fishes in discharge trap 1, 10,3S5 kg/hectare  9,240 lb/acre! suggests a
similar increase in fish standing crop at the Honolulu Generating Station
outfall .

Landry and Strawn �973! cited warm water, current, and abundance of
prey fishes as reasons for attracting sportfishes to heated effluents.
Based on percentage of composition  Table 14!, sportfishes  carnivores! are
not "attracted" to the Honolulu discharge any more than non-sportfish;
however, the stan, ding crop of carnivores in the discharge area  trap 1!
is higher than in the intake area  traps 2 and 4! . Apparently the poten-
tial danger of an undesirable replacement fauna as pointed out by Naylor
�96S! has not happened at the Honolulu outfall.

Hile �936j discussed the use of the cube equation  W = cLs! in
fisheries statistics and concluded that it does not adequately describe
the length-weight relationship in some species of fish. He gave the
equation W = aLb as a more satisfactory method of describing this relation-
ship since both a and b are determined empirically He stated further that
the coefficients calculated using the cube equation and the empirical
exponent equation are not of parallel significance as measures of condi-
tion. The coefficient calculated by the empirical exponent equation does
not give us as satisfactory a measure of condition as does the coefficient
calculated by the cube equation, although the empirical exponent equation
does provide a much more accurate representation at the actual growth
curve equation. Therefore, both the empirical exponent equation and the
cube equatio~ coefficients were computed for fish taken in traps during
this survey  Table 15!.

Ricker �973! discussed the use of regression lines for estimating
the length-weight relation. He concluded that most exponents calculated,
using the log transformation of the empirical exponent equation, are
biased in the direction of being too small. He suggested the use of the
geometric mean estimate  v! of the functional regression of p  weight!
on x  length! as follows:

v + ~ = +
Zx2 r

where b = slope and r = correlation coefficient.
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Geometric mean values are given in Table 15, Generally the more weight
per unit addition of length is reflected in a higher z value.

Three of the five species with five or more individuals in traps 1
and 4 have lower v values in the discharge area than in the intake. Th< se
three species, Ca~~ melampygus, NulloiaYchthys aamoensis, and Pa~peneu:
pozphyrews, are, therefore, less "plump" in the discharge area than are
their counterparts in the intake area. Convict tangs, Aca~thurua
tmoategua, and moorish idols, Zanclua caneacena, collected in the dis-
charge area have higher v values than those of the intake area.

Cube equation coefficient  c! values are higher for all five of the
spec.ies taken in the discharge area than those taken in the intake. This
indicates, in opposition to the geometric mean, that these fishes in the
discharge area are more "plump" than their intake area counterparts.
Except for Zcmckus caneacens, all of these fishes have lower empiri cally
derived exponents  bg and higher coefficients  ga in the discharge than
in the intake. Thus, the results of a comparison of growth by means of
the coefficient of condition  c! based on the cube equation yields
divergent results from the geometries mean  v! comparison and comparison
of the empirically derived exponents {b! and coefficients  a!.

Ricker �973! stated that predictive regressions based on the empirical
equation would have a systematic bias related to the range of lengths
involved in the two series being compared whereas the geometric mean would
not. Xile �936! holds, as stated above, that the coefficient {c! of cube
equation serves as a better measure of condition than does the empirically
derived exponents  b! . Since these two growth indicators do not agree for
three of the five species mentioned above, it is not clear whether growth
 plumpness! is better in the discharge or intake area. 	owever, from the
data it is evident that the fishes taken in the discharge area grow with a
different length-weight relation than those of the intake.

An analysis of co-variance {Snedecor and Cochran, 1967! was performed
on the five species to determine if significant differences existed between
the length-weight regressions of specimens from the discharge area  trap 1!
and intake area  trap 4! . No significant difference was present between
the regression slopes from the two areas for any of the tive species.
However, three species, Cavan' melampygwa, N4Llaidichthys aamoenais, and
Zanctua canescent, had highly significant  P < .Ol! differences in the
elevation of the population regression lines. Therefore, the population
regressions of these three species do not coincide in the intake and
discharge areas. Based on the cube equation coefficients  c!, all three
species add more weight per unit change of length in the discharge than in
the intake area. The geometric mean  v! also shows this increase for
C. me2ompygua and N. samoenais but not for Z. canescence.



SUGARY AND CONCLUSIONS

2oopl ankton Investi gati on

One hundred and seventy-four plankton tows were made at six stations
in Honolulu Harbor using a 0.5-m diameter, 2IS-micron mesh net. An
analysis of these samples showed that the macrozooplankton populations in
the Honolulu Generating Station discharge basin are more similar to those
populations found in offshore  less polluted?! waters than to those popu-
lations found elsewhere in the harbor. This applies particularly to
surface water. The abundance of macrozooplankters in the harbor surface
water differs from that of bottom water. Time and depth appear to be
more important factors in determining the distribution and abundance of
macrozooplankters in the harbor than in the power station discharge.
The increased circulation produced by the pumping of 13 m /sec of sea-
water into the discharge basin may be beneficial to some plankters, as
evidenced by their greater abundance in the discharge basin than other
areas of the harbor.

Coral Survey

All corals growing on the walls and hard substrate surrounding the
Honolulu Generating Station intake and discharge basins were counted and
their diameters measured. Ten species were found, four of whi ch comprised
95 to 99 percent of the total living coral surface in either basin. These
four species were: Pates lobar, Poozllopo~ meanMna, Mont7pora
ve~ooaa, and Montzpora patuM.

Results indicate that the increased circulation of water imparted by
the generating station has created an environment more conducive to coral
settlement and growth than elsewhere in Honolulu Harbor. Although corals
do not occur in the immediate path of the discharge plume along the south
waIl of the discharge basin, the total living surface area of corals
growing on the remaining two discharge basin walls exceeds by 1.6 times
the surface area of live corals in the intake basin. Negligible coral
growth was found at other areas surveyed in the harbor.

The mean radius size of corals growing on the wall closest to the
discharge significantly exceeded mean radii of corals on the remaining
three walls that were surveyed. Al.so, for the two most abundant species
 P. lobata and N. papula!, mean radius size was significantly larger for
colonies on the remaining discharge basin wall than on the two intake
basin walls. However, despite these significant differences, no signifi-
cant correlation was found between linear distance from intake or
discharge and colony numbers, mean radius size or J.iving sur face for the
combined species.
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A correlation between mean radius size and depth is suggested for
all four principal species, arrd differences among species in depth
zonation were found. Maximum mean radius size of P. 2obata and
P. mean&dna occurred at I to 2 m, while maxima for both b1ontipora
species occurred at 2.5 to 5.0 m.

Fish Survey

Approximately l,200 fishes were tagged during an eight month mark-
recapture survey of the fishes in the intake and discharge basins of'
the Honolulu Generating Station. A total of 47 species was identified
from Honolulu Harbor during this survey and previous visual SCUBA surveys.
The environmental preference index values for fishes in these basins
compare closely with the least polluted station examined during the
Naval Undersea Center's survey of Pearl Harbor. Some movement of fishes
between the intake and discharge basins occurred; however, most moverrrent
was within the same basin. The estimated standing crop of fishes in the
discharge  I0,355 kg/hectare! of the Honolulu Generating Station is
approximately twice that of the intake area �,228 kg/hectare! .

Based on cube equation  weight = c lengths! coefficients  c!, the
fishes of the discharge basin add more weight per unit of length than do
those of the intake basin. It may be concluded, therefore, that they are
"plumper," more healthy fishes. This conclusion is not substantiated by
the eometric mean of functional regression of weight on length  v =
+ I.'y> I:x>! nor by the empirical equation coefficients  a! or exponents
 b!  weight = a Iengthb! in most cases. No significant differences
existed between the empirical equation regression slopes  b! for five
species of fishes, Acanthous triostegue, Cairn+ me2ampyyus,
Nu22oidichthys aamoener'.8, Pazupenerrs porphyreua, and Zanc2rrs eaneacens,
taken in the intake and discharge basins. Significant differences werc
present in elevation  a! between three of these species from the intake
and discharge basins.
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125

I 3 Discharge
Basin  A!

19 J un 1973 1200 3 m 0.8
2.9
1.1

9.1
0.3
0.7

1200 Surface19 Jun 1973 79
80
8!

20 intake
Basin  B!

127
118
135

0.5
0.9
0,5

82
83
84

28 Intake
Basin  B!

1.6
2.3
1.6

19 Jun 1913 1200 3 m 0.1
0.1
0.1

130
145
133

85
86
81

0.2
0.1
0.1

35 Sand Island
Channel  C!

19 Jun 1973 1200 Surface

0.1
0.2
2.4

2.1
1.3
2.4

42 Sand Is land
Channel  C!

19 Jun 1973 1200 3 m

1200 Surface19 Jun !973

I.B
2.4
2.5

47 Harbor
Channel �!

1200 3 m19 Jun 1913

4.1
3 9
3.2

0.3
0.1
0.1


00 Surface49 Nuuanu
Stream
Basin  E!

19 Jun 1973

17.4
1.0
0.6

14. 0
10. 7
6.9

100
101
102

51 Nuuanu
Stream
Basin  E!

1200 Surface53 Offshore  F! 19 Jun 1973

O. I
0.2
0.1

55 Offshore  F! 19 Jun 1973 1200 3 m

2400 Surface19 Jun 19736 Discharge
Basin  A!

	3
123
118

112
113
114

2400 3 m19 Jun 197314 Discharge
Basin  A!

2400 Surface 115
116
117

19 Jun 197321 Intake
Basin  8!

Slatn-
t <<fi

N«.

Discharge
Basin  A!

45 Harbor
Channe'I  D!

19 Jun 1973 1200 3 m

SB
59
60

6!
62
63

64
65
66

61
68
69

70
71
72

103
104
105

106
101
108

109
110
111

88
89
90

91
92
93

94
95
96

97
98
99

130
130
140

120
155
140

120
125
115

120
115
118

113
113
110

123
118
130

180
115
125

120
118
115

140
125
130

108
108
112

150
135
139

23. SB
20. 24
22.08

17. 37
21. 39
17.94

22.20
2'I . 16
20.01

19.09
22,54
zi.ez

22,89
23. 12
26.91

I B. 40
19,09
19 32

22.08
19.55
19.21

2!.74
20,<I7
20.24

21.51
22.31
20.01

22.08
23 50
23.69

31,05
19.78
!9,78

22.89
16 68
17. 14

15. 30
18,40
14.49

i 8,98
19.21
19. 32

21.97
19-9o
20. 13

22.77
13. 80
14.03

16.33
19. 55
16. 10

18. 86
16. 91
16, 56

16. 33
19.55
14.26

15. 30
15. 18
14. 49

5. 00
10. 50
7. 20

4. 50
3. 00
2. 50

8. 30
7. 50
7.00

4.00
3. 30
3. 50

6.00
6.00
6.00

4. 40
3. 40
3.00

7. 50
6.10
6.00

3. 80
3 ' 50
3.40

7 50
8.50
7.00

2. 30
2.30
2.00

13.00
7.00

16.00

6. 50
7.00
6.40

9.00
14.00
15.00

4.50
4.50
5.00

12.00
7.80
6.50

14.50
15.50
24.00

12.00
30, 00
35.00

6. 30
6.00
6,20

9.50
8.20

11. 50

3. 00
4. 00
2. 50

O. 21
0. 52
0 33

0. 26
0.14
0.14

0 37
0. 35
0. 35

0. 21
0. 15
O. 16

0.26
0.26
0.22

0.24
0. IB
0.16

0. 34
0. 31
0. 31

0. 17
0.12
0. 17

0- 35
0,38
0. 35

0. 10
0. 09
0.08

0.42
0.35
0.81

0.28
0.41
0. 37

0. 59
0. 76
1.04

0. 24
0.23
0.26

0. 55
0 39
0. 32

0.64
1.12
1. 71

0. 73
I 53
2. 17

0 ' 33
0 35
0 37

0.58
0.42
0.8!

0.10
0.33
0.17

0.8
0.5
1.0

20. 7
27 9
37. 8

I I . 3
31. 6
41. 9

1.6
1.4
1.3

0.5
0.6
0. I

0.3
1.1
0.6

1.4
1,2
1.6

0
O. I
0

10. 9
5.6

IS. I

45.6
34. 8
88. 9

1.1
1.5
D.5

0
O. I
0

0.5
1.3
1.5

0. 60
2.40

4.10
4. 70
3.20

3-90
3. 60
4. 20

3. 10
1. 50
2.20

4.40
4.50
4.50

1. 40
O. 90
1. 50

1. 30
2. 50
1. 60

1. 20
2. 30
0.10

2.20
2.40
2.50

2. 10
1.40
2.20

5. 10
4. 90
7. 40

1. 70
1.90
3. 30

4.20
4.50
5 50

2,60
1.50
1.20

2. 80
3. 80
5.20

2.20
4. 30
7. 30

2.40
5.00
4.20

2. 10
3. 00
2. 80

I . 70
1. 30
1. 80

1.50
2.60
2.20



Ov. r /' r Fl sh
e r/  r  r ehs er Larvae
 d/m'I  //m !   ~ / 'I

I oluma Sett tert
Saep I ed Votuse
 n!   ll

rmr Durat Ion
Nn.  sec!

Vo learn+
  I/n' Oar th

21. 2
za.o
26. 7

29 Intake
basin  8 

19 J n 197! 2400 3 I IS
119
120

16. 22
lb. �
lD. 47

8.50
8.50

11.00

2.20
2 60
I . 10

117
115
125

0 52
O. 52
0 54

1.0
0.4
Q.e

36 Send Island
Channel IC!

lb.9B
19.67
lb. 17

I B. 00
}2. Dp
27.00

121
122
123

120
I 20
115

4 10
�

4 �

9,1
4.9
4. I

0.95
I 63
I, 49

1.9
1.4
I. 7

4. 70
5.2D
!. 70

�4
125
126

I 18
120
122

o. 89
I . 21
o.85

43 Sand Island
Channel  C!

15.18
19 44
18.75

19 Jun 197! 2400 ! 13-50
23.50
lb. DO

2,0
!. I
2 5

21. 7
14. 6
25,4

46 Narbor
Channel  D!

I . 6D
I. DD
I. 10

6.2

I. I

16. 91
16. 22
17.02

0.6
1.0
0 5

127
128
129

110
112
110

3. 20
I . BO
I . 50

0, I'!
0,1 I
0.09

8. 50
1.5D

I I . 00

48 Harbor
Channel ID!

2,4
0, Ir
1.9

19. 7
1.6

28.0

3. 90
0. 40
I 60

19 Jun 197! 24DD ! m I 30
131
I


120
I 22
130

17.94
17.60
l I . !g

D.47
0.09
0.51

42.0
17. 3
19- 7

16.56
Id. 98
I a. 75

D.6!
0.47
0.43

l.a
4.5
I. 8

5. 90
5. 20

30

133
134
135

113
112
I 'I I

lo. 50
9.0D
8.00

5D Nuuenu
Stream
basin  El

'I 4
1.6
1,6

34.4
50.1
 5

0. $6
0-77
0.62

I �
2. 50
I. 30

19. 78
14. 44
z!. 46

136
137
138

19 Jrm 1973 Z400 3 m 125

121

11.00
15. 00
14. 50

52 Nuuanu
Stream
basin  St

o.4
0. I
0.2

12. �
6. !D

14. 5D

O.ez
D. 54
0.95

9.6
5.2

I I . 7

54 Dffshore  fl 19 Jun 197! Z400 Surfese I!9
�0
141

I I 5
120
110

19. 

18. 40
15 76

12.00
ID. OD
I 5 . 00

6. Zo
23.00
15. 70

D. 66
1.29
D.86

0.2
1.6
0.1

lb.06
16.!!
16. 22

5.1
1!.4
9. I

12. 00
2 ,00
lb.0O

142
'I 43
'I 44

127
128
1z4

7 Discharge
basin

22 Intake
Basin  Bl

3,00 0. 17 0. 2017 8!1501698 D I s charge
~ asln  hl

17.94 11.00 0,61 D. 40157I 708 Nov 1972 �00 ! a15 Discharge
Basin  ar!

0.15 0.9 0. 3019. 78 !. Do14317123 Intake
basin Ib!

lb. 91 IQ.DD 0. 59 1.2 !. 0014D1728 Nov '197l 1?OD 3 m30 Ir take
basin  a!

14.!d 2.00 0.14 1.20'103! 7!37 Sand intend
Channel

4.0O O.bz 3 514. 151141748 Nov 1972  zoo44 Sand la I end
Channel IC!

Sta-
t or Location Date  lme
No,

19 Jun 197! 2400 Surfarr

19 Jun 1973 24DO Surfarr

19 Jun 197! 2400 Sur fess

56 Of shore  Fl 19 Jun 1973 ?400 3 n

1'I Nay 1472 1200 Surfate

li Itsy 1972 1200 Sue fate

8 Nov 1972 1200 Surface

8 Nov 1972 '1200 Surface

8 Nov I g/2 1?OD Surface

145
146
147
Iea
149
'I 50
151
'I 52
153
154
155
156

157
158
159
160
161
162
163
164
165
166
167
168

I IS
187
1�
'I �
14!
81

145
145
156
147
16}
145

176
147
I lp
't62
'119
152
166
152
161
175
157
1!8

14,81
17. 52
17.8$
lb. 79
».'88
17. 52
I B. 24
lb. 78
19, I92
18 24
19. 50
I B. 96

21. '13
17. 52
21. 13
19,14
20.95
18,42
19. 14
17. 70
I B. 78
20. 77
I B. 06
16.4!

25.00
27.00
20.00
25.00
2!.DO
�.0D
lb.O0
�. 00
lb, DO
!S.DO
6e. oo
31.00

23.00
15. 00
19. 00
16. 00
20.00
20.00
14,00
15.00
13.0D
2D. 00
17. 00
lb. 00

I 69
1. 5'7
I, 19
I 3!
I . 29
I . 94
I.

I,g2
1.25
1.92
! !B
1. 64

1.09
0. Be
0. 90
o 84
0. 96
I.D9
0. 73
o.a!
0 69
0.96
0 94
o. 85

48. 5
44, I
44. 4
47. 2
48. 8
79.2
5!. 3
78.!
7D.4
7!- 5

14!. 2
79 7

2. 'I
!. I
3 9
4.2
9.3
t.9
2.0
5.2
4,9
!. I
3.6

8.3
3-5
2.6
4.g
!.7
4.1
1,5
1.9
3.D
1.8
B. I
l.9

1.7
0.2
D.3
D.5
0.5
D.B
0.1

0 0.}
0.4
0.1
0

5. 10
4. 3D
4.?0
B. 00

lb. 80
B,'60
5. 5D
Ir.po
5. 20
6.90
7. 70
5. 30

lb. 60
B. 60

I Q. 60
15. 70
19. 'Io
16. 30
I I . 80
9.90

14, 601
20. 50
IB.DO
12. 20



FISH FROM MAY 11, 1972 TOWS  I/25 ALIQUOT!APPENDIX B. LARVAL

Total No.
of Fish

Tow
No. No. and Type of Fish Larvae

2 Stolephorua purpureua  Engraulidae!
Gobiidae

145

146 Stolephorus purpureua
Un i dent i f i ed s p.  yol k- sac!

147 l Stolephorua purpureua
1 Blenniidae
I Unidentified sp.

4 Schindieria sp.  probably S praematurua!
Stolephorus purpureus

8 tolephorua purpureue
2 Schinrfleria sp.
2 Unidentified spp.  yolk-sac!

I48

12

3 Sto lephorua purpureua

2 Stol, ephor ua purpureua
I Apogon brachygnvnmua  Apogoni dae!
l Apogonidae  type 8!

150

151

3 Stolephorus purpureua

2 Stolephorua purpureua
l Apogon sp. 7
I Unidentified sp.  in slender "sac"!

152

153

Stolcphorue purpureua
Unidentified spp.  yolk-sac!

154

3 Stol-ephorua purpureua
2 Carangidae
l Unidentified sp.  only head remaining!

155

Sto lephorua purpureua
Apogon brachygramrrua
Schindleria sp.

156

2 Stolephorua purpur eua
I Carangidae

Gobiidae
l Apogonid-like
6 Schindleria sp,
3 Unidentified spp.  two kinds of yo'Ik-sac!

i4157

158

159

3 Schindleria sp.
l Apogon brachygr~
I Stolephorua purpureue

Gobiidae  type 8A!

2 Stolephorua purpureua
2 Schindleria sp.
5 Un i dent i f i ed spp.  two k inds; four enclosed in

comp res s ed sacs!



Total Ho.
of Fish

Tow
No.

Mo. and Type of Fish Larvae

1 Stolephorus purpureus
6 Schindleria sp.
'1 Apogon sp 7
1 Apogon 1 d- 1 i ke   t y pe 1- 1 3!
1 Hul 1 id-like  Hul l idae!
2 Uni dent i f i ed spp.  one in "sac"; one ta 1 I only!

160 12

16161

162 13

5 Schindleria sp.
2 Carangidae7

Gobiidae
2 Unidentified spp.  damaged yolk-sac larvae!

163 10

2 Gobi idae
1 Stol,ephnrus purpureus
1 Sc!iindleria sp.
2 Apogonid-like
I Unidentified sp.  cut in half!
1 Gobiidae  only head and shoulder remaining!
1 Pomacentridae  type 12, head only!
1 stolep!iorus purpureus
4 Apogonid-like
2 Schindleriid7  yolk-sac larvae!
2 Gobii dae  yolk-sac!

1 1 Sebi nd Ler ia s p.
2 Apogorr brach ygranrnua
1 Pomacentridae  type 117!
1 Stolephorus purpureus
1 Lab r i d-1 i ke  yo 1 k- sac!
2 Unidentified spp.  damaged!

i64

165

18i66

9 Sc&rtdle~ sp.
1 Stol.ephorus purpureus
2 Apogon i dae

12167

1 Stolephorus purpureus
1 Gobi idae  type 8A!
4 Apogon i d-1 i ke
2 Unident i f'i ed spp.  head, gut tom: yolk-sac!

168

50

2 Stolephor us purpureus
1 Apogon brachpgrarvnue
7 Scin.'nrjleria sp.
1 Apogon i dae  un ident i f i ed sp. !
5 Unldenti f ied spp.  four kinds: two Labrid-l ike

yolk-sac larvae; three nondescript spp.!
1 Abude fduf abdominalie  Pomacen t r 1 dae!
3 Stolephox us purpureus
3 Schindleriid7  damaged!
1 Apogon sp.
4 Apogon id- like
1 Unidentified sp.  gut tom!


