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TEMPORAL CHANGES IN F!SH COMMUNITY DIVERSITY
NEAR A SEMAGE OCEAN OUTFALL, MOKAPU, O'AHU, HAGGAI 'I

Anthany R. RuSSol

I NTROD|jCT t ON

Although the field survey demands much effort, it is the most direct

method of appraising long term ecological response. Glover, Robinson, and

Colebrook �972! have noted that the present understanding of variability in

the field and the present level of monitoring of the natural environment are

inadequate for the detection and identification of the sources of variation.

It is difficult to separate natural processes from all but the most obvious

pollutio~ incidents.

Studies of the effects of sewage effluent on receiving waters close to

outfall sites have proliferated at an accelerated rate during the past 10

years because of interest by local, state, and national governments in environ-

mental quality. Observations on California outfalls made by Eppley et al.

{1972! and Turner �965! showed some evidence of eutrophication and large

changes in relative abundance of organisms associated with this condition.

The damage suffered by marine life when discharge is voluminous and dispersion

conditions are not favorable was investigated by Beilan �970! in France; en-

vironments changed as a result of sludge deposited over long periods of time

have been described by Pearce �970!. Chen and Orlob �972!, Mclntyre and

Johnston {1974! and Topping �976! all comment on the effects of sewage efflu-

ent on receiving waters in the coastal areas of the U.S.

Sewage outfalls present special problems to the investigator both in field

survey technique and in the interpretation of the data. The efficacy of using

linstructor, Department of Math-Science, Leeward Community College.
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baseline studies, once thought to be essential for environmental impact work,

is now being questioned  Gray 1976!. With regard to temporal variation, it

is often recommended that a baseline be established where no effluent is pre-

sent. Lewis �971! has repeatedly pointed out that baselines may be particu-

larly difficult to establish because long-term fluctuations characteristic of

natural marine communities may greatly exceed those which are apparent in pre-

or post-event studies.

For the investigator interested in ecological responses to sewage stress

biological indicators are important  Word, Myers, and Mearns 1977! . Indicator

organisms are primarily used to identify rather than to measure environmental

changes. The cause of these changes may remain unknown. Tolerant indicator

species can direct attention to pollution because of large increases in their

relative abundance. The absence of sensitive species may indicate some stress

in the environment, and changes in species diversity and population density in

apparently suitable ecosystems may serve as guides to ecosystem stress from a

wide variety of sources. However, the use of indicator species is hampered by

our lack of knowledge of their biology and their normal population fluctua-

tions in the natural environment. It may also be unsuitable to use changes in

species diversity since we know very little about natural variations in rela-

tive abundances of species due to changes in fecundity, growth dynamics, and

abiotic and interactive environmental factors. It is the exception rather

than the rule when changes in species composition or community diversity can

be related directly to man-made pollution. Yet, in order to understand the

consequences of pollution, we must continue to study changes in the environment

by using the best tools at our disposal. The use of indicator organisms as

tools is one of the best options we have at the present to establish the pre-

sence of pollutants and the extent of their effects.
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There is always a temptation to subject relatively straightforward sets

of data to cumbersome statistical analysis. Quantification is necessary and

desirable only insofar as it can be linked to biological processes. In this

study the similarity is measured between fish communities at the same location

at different sampling times in order to assess any changes in the surrounding

environment due to outfall performance. Quantitative calculations of simi-

larity and diversity between communities plays an important role in statisti-

cal ecology. Useful ways of measuring differences in similarity indices is to

compare those which discriminate between dominant and rare species  Morisita

1959! and those which just measure presence or absence where each species con-

tributes equally  Sorensen 1954! . The efficacy of using either method is ul-

timately left to the investigator and should be mitigated by the problems to

be solved. Grassle and Smith �976! have developed a unified approach to simi-

larity by defining a family of measures in which the contribution of rare and

dominant species to each measure is explicit.

In this study the fish communities at various sites near a sewage outfall

were monitored over a period of years to assess the extent of changes, if any,
J

in the surrounding environment. A study of the benthic and fish communities

was conducted at Mokapu, 0'ahu, Hawai'i  Russo, Dollar, and Kay 1977! in De-

cember 1975 prior to construction of an ocean outfall.
f

The outfall which discharges 0.39 m3/s  9 mgd! of secondarily treated

sewage was constructed by the City and County af Honolulu and began operation

in December 1977. The total outfall length is 1 500 m, including the diffuser

which has a length of 293 m and lies in 26 to 31 m of water. Investigations

were repeated at the same sites in the summer of 1978  Russo, Dollar, and Kay

1979! and again in August of 1979.



158

DESCRIPTION OF STUDY SITES

The outfall site is located south of Mokapu Point off the north shore of

0'ahu, Hawai'i  Fig. 1! . Station B coincides with the Mokapu Outfall; three

Stations C, D, and E are located I 600, 4 000, and 5 600 m south of the out-

fall. Station A is located 1 600 m north of the outfall off Mokapu Point,

Station C is located north of Kailua Bay, Station D in Kailua Bay, and Station

E off Alala Point.

METkODS AND MATERIALS

Using SCUBA, fish surveys were made at Stations A through E at depths of

6, 12, and 18 m  substations! in December 1975, June 1978, and August 1979.

A 30-m transect line marked at every meter was laid on the bottom. A diver

swimming along the line counted and identified fish species 3 m on either side

of the transect line so that a 180 m area was swept. At Station B a fish

count was made at each depth on the outfall including one at 26 m and on the

diffuser at 31 m. Fish species relative abundance  J! was calculated using

the Shannon-Wiener index H' where J = H'/H' max. The number of species  rich-

ness! and their relative abundances were recorded for each fish count. To corn-

pare fish communities over time two similarity indices were used. The first,

Sorensen's �954! index  SI! measures the redundancy of fish species from one

community to another in space or time. The equation for the index is

SI = 2C/A + B where

C = no. of species in common to two transects at times t~ 'and t2

A = no. of species counted at time t1

B = no. of species counted at time t2.

Using the 50'4 rule  Mayr 1944! two aggregations oF species occurring naturally

in the same area at different times are to be considered distinct communities

when at least 50% of the species in each aggregation are exclusive to the
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FIGURE 3. SAMPLING STATIONS, MOKAPU, HAWAI'i.
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aggregation. Mueller-Dombois and Ellenberg �974! suggest that an index of

50t  .5! represents a threshold value; that is, if the index exceeds .5 the

similarity is great enough to indicate that the species are part of the same

association or community. The second index of similarity  MI! used was de-

rived by Morisita �959! . In this case

K

2~ ni t>! ni t2!

MI- IA tl! X t2!]N tg!N t2!
where K = species i.n common

ni t ! = no. of fish in species i at time tn

N tn! = total number of fish counted at time tn; and

S

Z n; ni-»
i=1

N  N-I!

where S = total no. of species at time tn.

The 504 rule was also used with this index to determine the degree of similar-

ity,

Photographs were taken at the outfall and the presence of macroinverte-

brates was recorded. Using 1/4-m~ quadrats thrown randomly at each dive site,

macroscopic algae were cropped and later, identified and weighed dry.

RESULTS

Figure 2 shows the comparative standing stocks of total fish counted at

each station. Pre-outfall observations show that fish were scarce at both

Stations B and C. Six months after outfall operation began  June 1978! there

was a large increase in total fish at the outfall site  Sta. B!, especially

over the large rocks covering the outfall pipe. There were no significant dif-

ferences in the total fish counted at the other stations after 6 mo. af outfall

operation. Eighteen months after the commencement of discharge  August 1979!
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*Outfall became operational in December 1977.
FIGURE 2. COMPARATIVE STANDING STOCKS OF TOTAL FISH AT ALL

STATIONS, 1975, 1978, AND 1979, MOKAPU, O'AHU, HAWAI'I

at the outfall station large aggregations of fish were still present. The rud-

derfish Kyphosis ainemsaens, the lemon butterfly fish Chaetodon mi2iavis, the

goatfishes Mu22oiChcthys aao ifLammn and Pavupeneus por'phyreus, and the damsel-

fish Abadefduf abomina2is were seen along the outfall at depths from 18 to 26 m.

The snapper Lutjanus Jazsmire was also seen at these depths. There were notice-

able increases in fish abundance at Station C at this time. At the other sta-

tions  A, D, and E! there was a small percent decrease in total fish abundance

 Fig. 2! from 1975 through 1979. At all substations except those at Station B

similarity indices were high enough to indicate little change in community

structure from 1975 to 1978  Table 1!. Where fish numbers and species richness

were low in pre-outfall samplings they increased significantly in 1978 at the

outfall  Sta. B!. Fish of the families Acanthuridae, Pomacentridae, Mullidae,'

and Chaetodontidae were abundant. Results show little change in numbers of

fish species and their relative abundance for all substations except for those

at Station B after 6 mo of outfall operation. Between 1978 and 1979 there were
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no significant differences in fish community structure except at Station C
I

 Table 1! and over the diffuser {31 m! at Station B. The relative abundances

of fish counted in 1978 and 1979 over the outfall including the diffuser are

shown in Figure 3. The abundance of fish over the outfall diffuser was signi-

ficantly higher in 1979 than in 1978 due to very large aggregations  >500! of

600
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FIGURE 3. RELATIVE ABUNDANCE OF FISH AT STATION B ON
THE OUTFALL, MOKAPU, HAWAIII �978 AND 1979!

the snapper Lfdtjanfda kasr,gaza. This species was seen in 1978 but in much

smaller numbers  <25!. Changes in dominant feeding guilds over the outfall

between 1978 and 1979 samplings are shown in Figure 4. There were no signi-

ficant differences in trophic feeding levels at 8 and 12 m. However, at

greater depths significant changes in feeding guilds were observed. At 18 m

carnivores became dominant in 1979 replacing herbivorous and benthic feeding

fishes which were dominant in 1978, In 1979 at 26 m large numbers of carni-
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vorous fish  the snapper Lutjanus kaenrEvz! appear replacing benthic feeders,

mainly goatfishes and wrasses, which were dominant in 1978. In 1979 at the

diffuser �1 m! 805 of the fish counted were the snapper Lutjanus kasmira. In

1978 small numbers  <20! of this species were seen around the diffusex'.

There is no significant difference in feeding guild dominance at most

other substations between 1978 and 1.979  Table 2! . Lutjanus kaama'a, however,

does show up at Substation D60 �8 m! in 1978 and 1979. Planktonivorous

fishes are dominant only over the outfall and at Station D  Table 2}.

In 1975, 1978, and 1979 results of algae collections showed insignificant

amounts of algae at most substations  <20 g dry/m~! . In 1979 moderate amounts

of algae  90- 180 g dry/m ! of the genera Dictgopte~s and Halimeda were seen

at depths of 12 and 18 m at Station C. There was no significant difference

between the biomass of algae seen at these substations for all three sampling

times  Russo, Dollar, and Kay 1979, Table 2! . On the rocks over the outfall

pipe at depths of 26 and 31 m significant amounts  >250 g/m~ dry! of the fili-

mentous blue green alga Ly2tgbya were collected. Herbivorous fishes were
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FIGURE 4. DOMINANT FEEDING GUILDS FOR FISH CQ4IUNITIES ON
MGKAPU, HAWAI'I OUTFALL SlTE  STATION B!
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PERCENT RELATI VE ABUNDANCE OF DOMINANT FEEDING GUILDS,
H0KAPU P0INT, 0 'AHU, HAGGAI ' I, 1975-1978

Pre-Outfal I 6 mo 18 mo
Oper a t Ion

P . C
� Relative Abundance!

TAB LE 2

Sub- D h 0 eration Pos t Oyerat i on, Pos t
station Dominant Feeding Guilds +

e P H B P C H B
 m!

42 25

22 25

A-20

A-40 12

18

26

A-60 17 33 33

20 55A-8o

Off Outfall

50 50 -- 25 65 -- -- 20 66

No fish seen 100 10 72

No fish seen 37 31 21 -- 40 -- 20 30

B-20

12

18B-60

4o

4o

12 30 50

35 20 30

40 20 -- 30

10 10 -- 80

37

30 15

50

35

33

C-20 75 50

8o -- 6o

8o 50

50 50

25 65

20 55

c-4o 12

18c-6o 50

45 5o3530 50 15 60

44 33 -- 6o

25 'IO 50 33

D-20

D-4o
50 4o12

18

30

28 33 38 -- 5o 10

E-20 6

E-40 12

E-60 18

.40 -- 66

66 23 -- 58

50 36 -- 50

20

36

25

35 33

38 28

4o 55

"From Hobson  'I974! .
k = Herbivore

B = Benthic Feeder
P = Plankton Feeder
C = Carnivore  free swimming prey!

On Outfal I

B-20 6

B-40 12

B-6o 18

B-80 26

Diffuser 31

50 30 -- -- 43 33

15 70 -- --- ' 18 22 18

30 33 13 � 33 3o 33

25 44 -- -- 20 50

55

lo 4o

3o 28

31 21
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observed feeding on this alga which grew approximately 5 m on either side of

the outfall in water depths from 18 to 26 m. This alga was not recorded in

1978. In 1979 large aggregations �-8 per m~! of the echinoid Echimot~ spp.

were counted along the outfall and under the rocks covering the outfall pipe.

This represents a significant increase in sea urchin population since 1978.

Small coral heads �-10 cm in diameter! of the species Pocillopor'a meaeMna

were seen on the rocks over the outfall pipe in both 1978 and 1979. Near the

diffuser clumps as large as 20 to 30 cm of the bryozoan ~pkykloaoon hirsute'

were seen in both 1978 and 1979 samplings.

DISCUSSION

There were essentially no changes in the fish community species structure

at Stations A, D, and E 6 and 18 mo after commencement of outfall operation

 Table 1!, and the feeding trophic levels remained essentially the same

 Table 2! . Fish counts at these stations were down from 1975 to 1979 but not

significantly  Fig. 2! . Communities would only be expected to change their

'species composition and relative abundance under extreme stress, e.g., deple-

tion of feed supply, destruction of habitat space, or changes in the physico-

chemical environment. At this time the discharge from the Mokapu Outfall does

not appear to affect these areas. At Station C, however, there is a moderate

increase of fish species and abundance in 1979  Fig. 2! . Similarity coeffi-

cients are low indicating a change in community structure from 1978 to 1979

 Table 1!. This increase in species diversity and abundance may be due to

increased migration of fish from the outfall site 1 500 m away'. The southerly

movement of diluted effluent with seasonal current drift  Bathen 1978! may en-

hance the food supply or conditions for growth of algae, the source of food

for grazing fish. Results show that benthic feeders dominate at Station C but

also that the relative abundance of herbivorous fishes increased after outfall
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operation commenced  Table 2!. In general the biomass of algae' did not change

significantly during the 1-1/2 yr of outfall operation at most stations  Russo,

Dollar, and Kay 1979! . Results of algal harvests in 1979 showed little or no

change from 1978. Most of the biomass recorded  80 g dry! appeared at sub-

statio~s C40 and C60. In 1978 at these 2 substations D~tyopte~8 and RaH-

meda were the only two genera seen but in 1979 patches of Sa2jaaaum, Aopam-

gopaie, Lyngbya, and Vrmzp2m were also recorded. However, there were signi-

ficant amounts of Lyngbya seen at depths between 18 to 31 m on the outfall in

1979. This blue-green, nitrogen fixing alga was not seen in 1978 6 mo after

outfall operation. According to Bohlool  l978! since nitrogen fixation is an

energy requiring process, one would expect high fixation rates in areas receiv-

ing effluents rich in utilizable organic carbon and, if the discharge is low

in nitrogen content, it would be reasonable to expect nitrogen fixing organisms

to have a selective advantage.

The nitrogen levels at Mokapu were sampled 2 to 3 mo after commencement

of discharge  Laws 1979! . The results of this sampling showed that nitrogen

levels  No2 + Nos! at the outfall site were three times higher after operation

than before. Although concentrations of nitrogen compounds are high in the

immediate vicinity of discharge, microorganisms-especially phytoplankton � rapid-

ly assimilate these compounds  Ryther and Dunstan 1971! . Sewage eff1uent is

phosphate rich; in the nitrogen deficient receiving waters blue-green algae

can utilize PO> while fixing their own nitrogen compounds.

At the outfall site  Sta. B! similarity indices show that 6 mo after the

commencement of outfall operation there was a significant increase in the fish

community diversity due to large increases in species richness and abundance

 Fig. 2!. The large rocks covering the outfall attracted large numbers of

fish due probably to the increase in attachment sites and habitat space for
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marine organisms. The rudderfish  Zpphoaue eineraacena! was abundant in 1978.

This fish, a strict herbivore, was seen grazing on attached filamentous algae

at depths of 12 and 18 m on the outfall. Acanthurids, which are herbivores in

general, were also abundant along the outfall. Large numbers of goatfish

 hkclbo&iethp8 aurQVamma! were observed feeding in the sediment along the

outfall pipe at depths of 6, 12, and 18 m. Goatfish normally feed on benthic

injauna and at times on organic detritus in the sediment  Hobson 1974! . Nhat-

ever their food source the outfall attracted them in large numbers. These

observations are consistent with other studies done on outfalls  Turner 1965!

in which large increases of fish were associated with outfall construction.

One year later �979! results show that, except on the diffuser itself, there

was no change in fish community structure over the outfall  Table 1! and the

feeding trophic levels of the fish community remained the same  Table 2! .

Generally plankton feeding fish were dominant over the outfall. Many

fish are adapted to foraging for plankton and organic particles in a water

column above a reef substrate  Davis and Birdsong 1973! . Large aggregations

of the planktonivorous damselfish Abudefduf abdomiruz2i8 were seen in the water

column above the outfall. New substrate afforded by the construction of out-

falls are ideal for water column foragers since there may be a constant influx

of organic particulate matter from below.

Table 2 shows that there was an increase in carnivorous fishes  those

feeding on free swimming prey! at substations B60 and BSO due mainly to the

appearance of the snapper Lutjanus kannira. The number of herbivorous fishes

decreased in deference to this species. Results of dives on the diffuser show

a large increase in total fish and a slight increase in species richness from

1978 to 1979  Fig. 3!. Eighty percent of the fish counted were the carnivore

Iutjanua kaaeira  Fig. 4!. Large numbers of surgeanfish  Aeanhhuridae!, goat-
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fish  W2264e! and wrasses  La&2'zdae! were also seen, The snapper Lutoanuo

kaamzzg was introduced to Hawai'i in the mid '50s essentially as a potential

food fish. It has been reported in large numbers off the coast of 0'ahu 'by

many divers. Being a predator of small free swimming prey  Hobson 1974! it

may put great pressure on the juvenile fish stocks of other' species seen at

the diffuser and could cause a sharp decline in diversity and abundance of

fish there. If these fish generally aggregate around outfalls this may be a

potentially harvestable stock of commercial value.

Although there were significant increases in filamentous algae {Ly~bya!

along the diffuser and an increase in detritus feeding echinoids, there seems

to be no buildup of sewage sediment. -This is corroborated by the fact that

colonies of the filter feeding bryozoan ~phgl2oaaon hizsu~  lace coral!

seen in 1978 are still present at the diffuser in 1979. The Mokapu Outfall

diffuser seems to be an ideal habitat for this bryozoan. The organic load of

the surrounding water is high enough to provide abundant material for filter

feeding while on the other hand the rapid dispersion of the effluent by water

movement keeps the organic load low enough to prevent destruction of the bryo-

zoans.

As seen in Table I Morisita's index of similarity is consistently higher

than the Sorensen index because the former index is sensitive to the relative

abundance of dominant species. Rare species are deemphasized and species with

one individual are ignored. The Sorensen index treats each species equally

regardless of abundance. In counting fish "rare" species are an artifact of

the sampling technique. Many fish are solitary swimmers; some swim in pairs

or aggregations. Solitary fish may not be rare to the aIea but the probabil-

ity of their being seen in large numbers is rare. In most fish counts there

is a relatively large number of species with one or two individuals. These
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species are treated equally with those species with large numbers of individuals

by Sorensen. The probability of obtaining similar associations is therefore

much lower when using the Sorensen index since it is highly probable that the

recordings of "rare" species will differ more between communities than domi-

nants. Morisita's index is more appropriate in this instance because of its

emphasi.s on dominants. � For example at substations B20 and B40 similarity in-

dices calculated by Sorensen's method show na similarity between 1978 and 1979

 Table 1! but using Morisita's index a highly significant similarity appears.

This is due to the fact that the species list for the two sampling periods in-

cludes the same dominants but different "rare" species. In fact at 820 in

1979, 50~0 of the species counted have one individual, The probability of see-

ing a solitary fish of one common species is in most cases the same as seeing

one of another species. Sorensen's index, based on redundancy of species,

then tends to be low; Morisita's high.

In general care must be taken in comparing values of any diversity or

similarity index. In Table 3 a hypothetical case is set up. Two communities

with exactly the same species but different relative abundances are compared.

Since diversity indices are only concerned with the total numbei of bits of

information and their individual values the diversity index H' {Shannon-Wiener!

will not change. The diversity index is completely uncoupled from any biolo-

gical interpretation. The equitability component  J! a1so will not change

since it is based on a proportion of H' to H' max. The importance of a

species list and individual species counts is now evident. Simply by looking

at the species abundance list, the investigator can see a change in the domi-

nance of one feeding trophic level over another. A similarity index is a

better tool than the diversity index change since it binds the observer to

consider species in common, -However, there is a finite probability that
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Table 3

HYPOTHETICAL COMPARISON OF A FISH COMMUNITY  TEMPORALLY!

time   t,!time l t,!

S t>! = 10 N t>! = 99S t,! =10 N t,! = 99

s n; n;
ln N

i=1

H' t,! = 2.79

3  t,! =.835

H' ti! = 2.79
J  t,! =.835

H'

Hmax

P = planktonivore 8 = benthic feeder

SORENSEN'S SIMILARITY iNDEX

A = no. of species in common at t, and t~
8 = no, of species at t,

C = no. of species at t>

2A
Sl =

8+C

Si = 2%0 = 10

MOR ISITA'S SIMILAR ITY INDEX

k

C = 2 g n;  t,! n;  t, !
i=1

  Xt, + Xt,! N it, 1 N  tti

where k = species in common

s

n; n; � 1!

i=1

Chaetodon corallicola

Chaetodon miliaris

Hemitaurichthys zoster
Chromis ovalis

Chromis verator

Halichoeres arnatissimus

Stethojulis balteata
Anampses cuvier
Thalassoma duperreyi
Chaetodon frernblii

 P! ----- 15
 P! ----- 20
 P! ----- 21
 P! --.--- 18
 P! ----- 15
 8! ----- 2
 8! ----- 1
 8! ----- 3
 8! ----- 2
 8! ----- 2

Chaetodon corallicoia 2

Chaetodon miliaris 1

Hemitaurichthys zoster 3
Chrornis ovalis 2

Chrornis verator 2

Halichoeres ornatissimus 15

Stethojulis baiteata 20
Anarnpses cuvier 21
Thalassoma duperreyi 18
Chaetodon f remblii 15
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Sorensen's index will show little change because species composition may essen-

tially remain the same. This is ecologically reasonable. When communities

undergo stress or natural fluctuation their relative abundances would be ex-

pected to change first as tolerant species adjust and become more abundant

while intolerant ones become rarer. As pollution stress becomes greater, in-

tolerant species give way to more tolerant forms  Stein and Denison 1963!.

Because it is sensitive to changing relative abundance, Morisita's index

should give more biologically realistic results. Of course it is assumed here

that dominant species are more important ecologically than rare ones. This

may be true for some communities but for the present until we know more about

the ecological energetics of marine communities our inference that dominants

are generally more important than rare species may be an assumption with which
I

we have to live.

SUHMARY

An analysis of fish community similarity in the area of the Mokapu ocean

sewage outfall shows no widespread adverse changes in the surrounding environ-

ment from outfall operation over a l-l/2-yr period. In general fish communi-

ties maintained their structure and showed little change in diversity over the

sampling period. The clarity of the receiving waters and adjacent areas is

good and the presence of filter feeding bryazoans may indicate sufficient dis-

persal of sediment by vigorous water movements at the outfall site.

The abundance and diversity of fish generally increased near the outfall

as a direct result o'f new substratum afforded by outfall construction. At a

station I 600 m south of the outfall increases in fish species richness and

abundance were observed. There was a large increase in relative abundance of

one species of carnivorous snapper  Lutjanus kao~~a! near the outfall.

There were no significant increases in the biomass of macrophytes except
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near the outfall where the blue-green alga Lyngbya is dominant. This may in-

dicate an enrichment of the receiving waters with phosphate since nitrogen

fixers respond well in phosphate rich waters with high C:N ratios  Bohlool

1978! .
t

When using similarity indices to compare fish communities care must be

taken to use one which is sensitive to both relative abundance and species in

common. With respect to fish communities, at least, monitoring changes in
t

diversity indices may have little biological relevance since tolerant species

may replace intolerant ones in response to environmental changes without

changing, in an obvious way, the structure of the community.
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accurate and unrealistic. llowever, thei were s.mple and
easy to understand, The new stand;=cd. -are much more accu-
rate, but are very complicated and «ill be di fficult to ad-
minister. The Department of Healti r ..cogni.-.es this trade-
off, and feels that this is the pr< per «ay to proceed, al-
though it will not be easy and requi r s extensive changes in
our moni toring program, hecause i t « i 11 enable us to answer
the one important question: ls «a'.er qu;~lity improving?

The Water Quality Standards for th~:
been completely revised. The new ~ta
effective or. December 7, 1979 are has
approach. The numerical criteria ;:.e
of water, its pl» sical characteristic
tems, and other natural criteria rath
use. Criteria for marine-bottom sist

.ate of Hawai'i have

id ~rds wh ich becatie

..d onan ecosystem
r elated tn the type
and ecological ;ys-

r than to beneficial

are also included.





179

Water quality standards were not adopted generally in the United

States until the passage of the National Clean Water Act of 1965.

Hawaii's standards were adopted in 1968 following the provisions of this

law which required each state to develop standards acceptable to the

Federal Water Pollution Control Agency. Hawaii's standards were aimed

at receiving water quality.

The development of these first standards for Hawaii's waters involved

several steps. First, the waters of the state were divided into two categor-

ies, fresh and marine. Second, the beneficial uses of the waters were

identified and grouped into categories or classifications.  See Table 1.!

Third, the various inland and marine water bodies in the state were assigned

to one or another of these classifications. Fourth, a limit on the concen-

trations of pollutants was established for each category. These limits

were very restrictive for waters used for drinking or swimming, less so

for general classes, and still less restrictive for harbor areas. The orien-

tation was principally toward the protection of human health, and, to a lesser

extent, toward aesthetics and the propagation of fish.

Over tlat, several problems became apparent with these standards as

promulgated. One problem was that in setting the limits for pollutants,

all waters were treated as though they were the same. In fact, the receiving

waters � particularly coastal waters � are very different. West Loch in

Pearl Harbor, Kaneohe Bay, and the Na Pall Coast waters of Kauai were all

in the highest class, AA. For West Loch, this designation was to protect
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the oysters; for Kaneohe Bay, it was to protect the recreational uses and

the carals; and for the Na Pali Coast, it was to maintain its wilderness

character. All three had the same limits although the receiving waters have

extremely different background or natural levels of nutrients and other

parameters.

TABLE 1

Summary Classification of State Waters

Original Water Quality Standards

supply and
ng

h water

tal waters

Another problem was that the limits did not really relate to the uses

that were being protected. The reason that West Loch was designated Class AA

rather than A like the rest of Pearl Harbor was to protect the oysters.

However, the AA standards severely limited the concentrations of nutrients

which the oysters needed to survive. If it were possible to meet these stand-

ards � a highly unlikely event given the large influx of nutrient laden

freshwaters � the oysters would probably disappear.
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In addition, most of the different parameters � nitrogen, phosphorus,

suspended solids, fecal coliform, etc. � were chosen based on existing data,

almost all of it from the mainland and developed from monitoring water

quality in streams and lakes. The limits were set because of adverse effect's

on these waters. As local data were generated, it was found that many of

these limits did not apply to Hawaii's marine waters. For instance, the

nitrogen standard was exceeded even in pristine ocean waters, while parameters

critical to the health of coral and other marine life were not included.

Although Hawaii's standards were amended in 1971 and 1974, only minor

revisions were made. The problems of arbitrariness and the unreasonableness

of the old receiving water standards remained. And as new data were devel-

oped, criticisms of the standards increased. Several major state reportsi~

recommended that the standards undergo a thorough revision to provide a better

system of measuring water quality, and particularly to provide better protec-

tion for coastal fresh water and marine ecosystems. In response to these

«~The Oahu Water Quality Study of 1972; studies conducted under the Sea Grant
Program; Hawaii and the Sea, 1974; Water Problems and Research Needs for
Hawaii: . 1975  Water Resources Research Center!; the Hawaii Coastal Zone
Mana ement Pro ram Second Year Sumrna~r Report for 1975-76; and the Draft
Review Hawaii Water Pesources Plan of 1977 all recommended revisions to
the existing water quality standards. Typical comments referred to the
standards as "unrealistic," said they "should reflect the tolerance of
coastal freshwater and marine ecosystems," and need "to account for
particular environmental circumstances." The need for a new approach
to water quality standards was further emphasized by the passage of the
Hawaii Coastal Zone Management Act of 1977  Act 188!, which sets forth
the objectives and policies of the State of Hawaii in regard to co'astal
waters.
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growing concerns, revisions of water quality standards became a major

objective of the 208 work program.

2. Revisions of Hawaii's Standards - 1979

A committee was established as part of Hawaii's Areawide Waste Treatment

Management Study  Section 208, P,L. 92-500! to recommend technically accurate

revisions to the state's water quality standards. The committee composed

of oceanographers, engineers, biologists, and others with appropriate tech-

nical expertise met 26 times over a 14-month period commencing on August 2,

1976, with completion of the committee task on October 27, 1977.

The committee pursued a number of objectives to resolve existing problems

and deficiencies. These were:

1. to establish a more comprehensive ~ater classification system, based

upon ecological and other natural criteria rather than strictly

on water use criteria;

2. to thoroughly define each water class in order to clarify the

differences between water classes and improve operational use and

field monitoring programs;

3. to locate and map the geographical examples of each water class,

utilizing natural boundaries and other features;
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4. to develop a list of water properties or parameters for each class

which will serve as the basis for the standards, including public

health, aesthetic, as well as ecological indicators;

5. to assign numerical expressions to the parameters,' based upon known

field data collected both in pristine as well as polluted or

stressed environments of each water class;

6. to devise numerical expressions for the standards that will account

for the variability attributed to the duration and frequency of

measurement and a geographic variability in the concentrations or

values of each parameter;

7. to assign a list of c'ompatible and incompatible us'es for each water

class and include additional uses not considered in the earlier

standards; and

8. to make recommendations on enforcement, monitoring, and research

and development programs to facilitate continual refinement and

adjustment of the standards.

The work of this committee was presented in a seminar held on June 30�

July 1, 1977, at the Ala Moana Hotel where the initial proposal for water

quality standards revisions were presented by the scientists.
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Following this, a series of eight public information meetings were held

to explain the concept and format of the proposed water quality standards

to the lay public. These were held during the period October, 1977, to

November, 1977. On October 27, 1977, an information meeting was held for

all interested government agencies in Hawaii on the proposed r'evisions.

The proposed standards were also reviewed and discussed by the' 208 Statewide

Steering Committee and the four County Advisory Committees. As a result of

the comments and information received from these series of meetings, several

revisions were made to the standards and several drafts of the standards

appeared. In May, 1978, formal public hearings were held in all of the

counties on the proposed revisions to the Water Quality Standards,

Chapter 37-A, Public Health Regulations. As a result of these public hearings

and additional information and comments received, a new draft was prepared

and taken to public hearing in October, 1978. Minor changes were then made

to the proposed standards which were then forwarded to the Director of Health

for his signature. The standards were certified and adopted by the Director

of the Department of Health on May 31, 1979. The format was approved by the

Deputy Attorney General on August 23, 1979, and the regulations were approved

by the Governor on September 5, 1979, becoming effective on December 7, 1979.

In addition to the technical committee on Water Quality Standards, a

Health Effects Committee was also organized consisting of repr'esentatives

from the medical professions, the Department of Health, the University of

Hawaii School of Public Health, and the epidemiologists of the State Depart-

ment of Health. The main goal of this committee was to insure that health



effects were properly considered in the water quality standards. This was

accomplished.

The new approach for defining water quality criteria differs

substantially from that originally used in Hawaii and other areas throughout

the nation.

Characteristics of this new approach are as follows:

* The purpose of the parameters, called water quality criteria, is

 in conjunction with the monitoring program! to identify water

quality problem areas and to determine whether there is movement

towards achievement of the water quality goals.

* Ecosystem types are defined. Then the waters are classified by

their physical characteristics relative to the ecosystem types to

be found in the waters. The types identified are illustrated in

Figure l and listed in Table 2. The classification system and the

use classes are shown in the maps attached.

* For each ecosystem type, water quality criteria are established

based on measureme~ts of actual water conditions. These criteria

are intentially set at values or levels which, if exceeded, will

result in ecological, aesthetic, and other types of water quality
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TABLE 2

SUMMARY CLASSIFICATION OF STATE WATERS

New Water guality Standards

ological Subtypes

reams

rings, seeps, natur
d reservoirs

evated wetlands

ow letlands

astal wetlands

tuaries

chialine pools
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problems. Where data are unavailable, the basic water guality

criteria apply.

* The criteria have three different numerical expressions in

recognition of the variability of water quality due to tides, waves,

rainfall, seasons, and other natural factors. These are:

The geometric mean of all measurements shall not exceed the

lowest value;

Ten percent of the measurements shall not exceed an intermediate

value; and

Ho individual measurement shall exceed a third and usually

higher value at any time.

Expressing the criteria in this way enables them to be more accurate

and not be "violated" by infrequent acts of nature such as storms,

floods, etc. This, in turn, allows water quality management to

focus on problems attributable to human activities rather than

wasting effort and resources on unmanageable, uncontrollable

situations.

* Criteria are established for marine bottoms as well as the water

column.
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The reasons for using preservation of ecosystems is the basis for

achieving the "fishable/swimmable" goals of the Clean Mater Act are as

follows:

* It automatically provides for fishable and swimmabie waters.

The ecosystem approach provides a basis for area-specific standards

that vary according to both the physical characteristics of the

receiving waters and the uses to be protected.

* If the ecosystems are not preserved, there would be an unpredictable

loss in Hawaii's water-related resources, and probably adverse

economic impacts.

* Standards that do not provide for preservation of ecosystems would

likely allow a significant deterioration in water quality which

would probably be unacceptable to the public and harmful to the

visitor industry.

In certain areas, water quality may not be required to conform to

the water quality criteria. These areas include:

* Zones 'of mixing;
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* Areas where best management practices or a grading ordinance
1

permit are being followed;

Areas where there are overriding factors, including economic ones

that may be established in the future pursuant to Section 35.1550 e!

�! of KPA regulations.

* Areas where the discharges are demonstrated to be beneficial and

it is in the public interest to continue them, to avoid over

regulation.

3. Discussion of Revised and Ori inal Water ualit Standards

The old and new standards are not directly comparable because the

measurement parameters differ and the standards are based on different

conceptual approaches. The old standards are based on protecting a chosen

beneficial use and are applied broadly while the new standards are based

on ecosystem types and are area specific. Also, the old standards have

only value for each parameter related to the use class. The new standards

have generally three sets of values for each parameter related to the type

of water body. Use classes are independent of the numerical values. The

old standards, although stringent in numerical criteria, did not actually

protect the environment. The new standards, on the other hand, conform

to the realities of field conditions.
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Table 3 shows the new criteria compared to present water quality

One of the major changes in the standards from the point of view of

coastal water assessment is in the categorization of types of waters. The

old standards had only two categories: freshwater and coastal waters. The

new standards use basic categories of Inland and Marine waters' Inland

waters comprise all surface waters that are not directly patt of the marine

ecosystem complex. Inland waters range from isolated high-altitude fresh

waters to brackish or saline coastal waters that are connected to the ocean.

The brackish or saline waters include three sub-types: coastal wetlands,

estuaries, and anchialine pools.

The marine waters have been divided, based upon their relationship to

land masses, into three types � embayments, open coastal, and oceanic.

Kmbayments are defined in the Standards as "land confined and physically

protected marine waters with restricted openings to open coastal waters

defined by the ratio of total bay volume to the cross-sectional en'trance

area of 700 to 1 or greater." Open coastal waters are defined as "marine

by the 100 fathom �83 meters or 600 feet! depth contour andwaters bounded

excluding bays named in Section 6.1," i.e., the embayments.the shoreline,

Oceanic waters are all other marine waters outside of the 100 fathom depth

contour.

standards for nitrogen and phosphorus for embayments and open coastal waters.
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The Technical Committee on Water Quality Standards recommended that

there be four categories, drawing a distinction in oceanic waters between the

"transition zone" and "open ocean." However, in developing the standards,

the Department felt that the distinction was not significant for regulatory

purposes.� 2/

The distinction between the types of marine waters has been readily

accepted. However, there has been considerable concern expressed over the

definition of estuary, and some confusion between estuaries and embayments.

Estuaries are defined very narrowly. The definition in the standards is:

"Estuaries" means deep characteristically brackish
coastal waters in well-defined basins with a con-

tinuous or seasonal surface connection to the ocean

that allows entry of marine fauna. Estuaries may be
either natural, occurring mainly at stream or river
mouths; or ~develo ed, artificial or strongly modi-
fied from the natural state, such as dredged and
revet ted stream termini.

In the Technical Committee's report, the environ~ental features of

estuaries are further described:

Tidal fluctuations evident and mark inland extent

of watermass. Mixohalinity never results from
evaporation but is due to mixing of seawater add
freshwater. Freshwater may be present but

� A complete explanation of the rationale for the classification of waters2/ using an ecosystem approach and the justification for the selection of
parameters and criteria are contained in An gco~sstem~Aroach to ttater

ualit Standards Report of the Technical Committee on Water Quality
Standards, "208" Technical Report No. I, December, 1977, The new standards
are based on this report; however, many changes were made by the Department
of Health, mostly for purposes of Simplification and in response to comments.
The Department is grateful to the Committee for its assistance, and takes
full responsibility for the standards as promulgated.
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mixohaline water is dominant... Most estuaries
have strong vertical salinity stratification but
some are stratified horizontally.  p. A-ll!

The key difference between estuaries and embayments is the degree of

salinity of the water, with estuaries characteristically mixohaline

 salinity 0.5 to 30 0/00!.

We are aware that this new approach is going to give all of us some

problems when we describe water areas. Kaneohe Bay is frequently referred

to as an estuary, and I still find it hard to think of Pearl Harbor as an

"inland" rather than a "marine" water body. However, it allows us to set

the numerical criteria much more accurately to reflect actual conditions,

and that is the objective of the revisions.

Another maJor change in the standards is the addition of an entirely

new category, that of marine bottom types. Because no individual bottom

type is consistently associated with any particular water type, the classi-

fication of the two systems had to be treated separately. The Technical

Committee's report states that

The Hawaiian marine bottom subtypes have been
categorized on the basis of physical substrata
and species composition and diversity so that
each category, though related to the others,
can stand independently from a water quality
management viewpoint.  p. A-43!

The report proposes eleven sub � types. Some of these have been consolidated

so that there are six stated in the regulations: sand beaches; lava rock

shorelines and solution benches; marine pools and protected coves;
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artificial basins; reef flats and reef communities; and soft bottom

communities.

Other changes have already been noted--the use of three different sets

of numerical criteria instead of one, the addition of new parameters, the

use of "wet" and "dry" weather criteria, and other minor changes.

The single most important change is the establishment of two separate

classification systems--one, the traditional classification based on

beneficial use, and the other, based on ecosystem types and the physical

characteristics of the water bodies. Beneficial uses and the numerical

criteria are now independent of one another. Actually, for marine waters

we really don't need the beneficial use classes any more since all open

coastal waters have the same numerical limits, all embayments the same,

etc. The only difference between Class AA and Class A waters now is that

zones of mixing are not allowed in Class AA waters, in effect, zero

discharge. We seriously considered dropping the use classification entirely

and simply state that no zones of mixing would be allowed in certain waters.

The Technical Committee recommended this action. However, we did not feel

that either P.'A or the world was quite ready for the abolition of use

classes, so we have postponed it until a future revision.

So what have we Bone? We have made a trade-off. We have taken

standards that treat all waters as though they were the same which were

very simple but inaccurate, and created a system that differentiates
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between the 'types of waters that is more accurate but highly complicated.

We feel that we are doing the right thing and this is the only sensible way

to go. However, it is going to cause us, all of us, a lot of headaches as

we implemen't the new system, particularly in monitoring. Incidentally, I

think what we have also done is increase employment opportunities for those

involved in coastal water assessment since the monitoring is going to be

considerably more complicated, opportunities limited only by the amount of

funds available.

The State Department of Health's water quality monitoring program is

undergoing major revisions, both to address the new requirements set forth

in the standards, and to provide better information related to decision

making, particularly in the area of nonpoint source control. The whole

program is being oriented to answer two questions: is the wate'r quality

improving or not? And if not, why not? Changing the standards to provide

a more accurate measurement of water quality is meaningless if we don't use

the criteria to support better management decisions.

The new monitoring program is still in the process of being developed,

an important factor being the limited resources available to do the job.

However, it is certain that 'the philosophical approach will be changed

as follows:

* Monitoring will be done away from the shoreline to eliminate the

masking effect of natural leaching of terrigenous materials into

shoreline ~aters.
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* Rater column criteria related to productivity will be measured

within the photic zone  zone of photosynthetic light penetration!

most likely at three depths at a station.

* The frequently performed routine monitoring program will be

structured around pelagic  water column! indicator6 that are

sensitive to short-term perturbations.

* Benthic ecosystems will be monitored to provide a basis for

assessment of long-term stresses on the environment.

* Embayments and estuaries will receive the primary emphasis in

monitoring because the effects of pollutants discharged into these

waters are magnified by the lack of circulation and long residence

time.

* Monitoring of recreational waters will be confined to those

stations which have demonstrated their utility in the protection

of the public.

The revision strategy for the water quality monitoring program is

designed to tie the monitoring program directly to nonpoint source control

measures to evaluate progress in achieving the state and federal water

quality goals. Although the overall objective of the monitoring program

is to establish precise cause and effect relatiohships between land based
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activities and water quality that will serve as input into management decision

making, it is recognized that. this objective is extremely difficult to achieve.

In light of this fact, emphasis is being placed on designing a program which

will yield meaningful information even when this objective is not attained.

The program will be implemented in phases over the next several years.

One of its objectives is to continuously evaluate the reasonableness and

effectiveness of the new water quality standards. We believe we have made a

major step forward, but we are very much aware that we have a long wa'y to go.

With the talent and capabilities of the members of our Technical Committee,

many of whom are speakers at this conference, and the rest of you to assist

us, I am confident that we will ultimately achieve our goal of water quality

standards precisely tailored to Hawaii's waters.


