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ABSTRACT 

TIlis study, covering a period of eight months, was undertaken 

to determine if measurahle changes in characteristics occur in sea 

't-later passing over a shallow coral reef. The parameters studied. 

include salinity, temperature, current velocities, dissolved oxygen~ 

pH, dissolved organic carbon and particulate organic and suspended 

inorganic carbon. Staining and microscopic observations ,,,ere made 

to supplement the other data. 

The results showed noticeable increases in oxygen, pH, particu

late organic and inorganic carbon abundance in the central portion 

of the reef, which were a ttribu ted to the inf luence of extens i ve 

growths of benthic algae found on the seaward edge. Dissolved 

organic carbon concentration increased gradually across the reef, 

and there is evidence that inorganic carbonate is being accumulated 

on the leeward side of the reef. 
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INTRODUCTION 

A. Background 

Hith the vast improvements in the methods for the analysis of 

organic carbon in sea water, the focus of attention has turned to 

the study of the sources of the organic material, and to the environ

mental factors which affect its abundance. It is to the problem of 

these interactions of organic material with its environment that 

this research has been directed. 

Coral reefs and atolls have long held a strong fascination to 

man. Early investigations of these regions were largely geographical 

in nature, being carried out by explorers and commercial seamen. 

Later, scientists arrived to conduct taxonomic studies of the indige

nous flora and fauna, and to speculate on the geol ogical origins of 

these land forms. It 'vas readily apparent that coral reefs and 

atolls provided shelter and surface for an immense concentration of 

living organisms, and this has stimulated ecologists to attempt to 

ascertain the nature of the food web functioning in this type or 

ecosystem. 

Sargent and Austin (1949) concluded that the consumption of 

organic matter greatly exceeds the supply furnished by the oceanic 

water for the reefs which they had studied. Yet reefs are observed 

to thrive. and they are considered to be self-supporting communities 
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which rely on the currents only for an influx of dissolved nutri-

ents. Productivity studies have been made by Sargent and Alls~in 

(1949, 1954) on Rongelap Atoll; Odum and Onum (1955) on EniHetok 

Atoll; Kohn and Helfrich (1957) on the reef at Kapaa on TI' • "auaJ. , 

Ha>;,mii: Odum et a1. (1959) on El Nario Reef, Puerto Rico; and hy 

Gordon and Kelly (1962) at Coconut Island, Oahu, Ha~7aii. The un;J.ni-

mous conclusion of these studies \.;ras that reefs are regions of hi811 

productivity relative to the surrounding open ocean environment. It 

is apparent that autotrophic organisms, although not always visib.le, 

must be responsible for the production of a large portion of the 

organic material consumed by the reef inhabitants . 

Much disagreement exists as to the exact extent of contribution 

from the primary producers found in the reef structure. For example, 

the importance of zooxanthe11ae found imbedded in the coral polyps 

has provided a topic for extensive controversy (Hells 1957.; Goreau 

and Goreau 1960; Hiens 1962; Yonge 1966, and Kam.;risher and \\Taimrright 

1967). Yonge (1966) has reported that the zooxanthe11ae are not 

essential as a food source for the carnivorous coral, which are 

capable of living for extended periods of time in the dark after the 

algal cells have been expe l led. On the other hand, Sargent and 

Austin (1954) maintain that the zooxanthellae appear to produce 

organic material at a rate comparable to the rate of consumption by 

the coral and that these products of photosynthesis are somehO\v 

retained by the coral for nourishment. Odum and Odum (1955) agreed 

with this latter position, and have pointed to the existence of 



numerous filamentous green algae located \.,rithin the skeletal strllc

ture of the coral. Their evidence suggested that th(> hiomass of the 

filamentous algae exceeded that of the zooxanthellae by as much rtS 

16 to l. 

One thing which is clear is that a coral reef must be an 

extremely efficient ecological unit to be able to support the large 

biomass that it does in the relatively barren oceanic environment. 

3 

It has been proposed by Yonse (lg66) that the emhedded algae serve to 

take up valuable nutrients, such as phosphate and ammonia, Hhicl1 

might othenlise be lost after being excreted by the animal inhabi

tants of the reef. In such a ,yay the reef is able to make the most 

of the very dilute nutrient supply from the open ocean. 

Unfortunately, too little is known about the interactions 

between reef inhabitants and their environment. Huscatine (1967) 

reports that the results from employing labeled radiocarbon in photo

synthesis studies indicate that the algae in coral excrete up ' to 40% 

of their photosynthetic products, mostly in the form of glycerine. 

On the other hand, Stephens (1960) and Stephens and Schinske (1961) 

cite evidence for the uptake of glucose and various amino acids by 

coral and other marine animals. Thus the exact nature of the produc

tion and uptake of dissolved organic materials by the reef's inhabi

tants still remains an unsolved problem. 

I-Iarshall (1965), on the basis of his observations at Eniwetok 

Atoll, suggests that reefs contribute considerable amounts of particu

late organic matter to the lagoons of the atolls. A possible 



mechanisr.1 [or this production of particulate or;;anic material \Vas 

considered to be the conversion of dissolved organics to particulate 

form through the action of buhbles, as proposed by TUley (1%3). 

Johannes (1967), after studyin2 the Enh.,etok reefs, proposed that 

mucus secretions from coral were primarily responsible for dIe 

observed increase in suspended particulate organic matter found in 

the lee\vard regions of coral reefs. This mucus export ,.,as est i mated 

to be 0.02 gm/m2/hr or about 2;~ of the reef's total production. lIe 

further suggested that this particulate matter serves as an important 

food source for zooplankton and other detritus feeders. A similar 

hypothesis had been proposed earlier by Riley (1963), and also by 

naylor and Sutcliffe (1963). 

B. Objective 

In view of the evidence for the extensive organic production 

occurring on coral reefs and atolls, it seems logical to assume that 

. some indications of this productivity should be exhibited by \'lay of 

changes in the chemical and physical parameters of the sea water as 

it flm'ls across the reef. Of primary interest would be the changes 

in both dissolved and particulate organic carbon content of the 

water, as well as changes in concentration of dissolved oxygen and 

pH. Each of these parameters would serve as indicators of biological 

activity by the organisms of the reef community. · 
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C. Reef Description 

The reef chosen for this study is located on the northeastern 

canst of the island of Oahu, and occupies about one-third of the 

distance across the entr.ance to Y.aneohe nay. It is a bnrricr reef. 

roughly 3.5 km by 2 km, parallel to the coastline. T1vo parallel 

channels run in to the Bay, wi th the reef stretching lengthT..;rise 

between them. The channels connect with a deep channel Hhich r uns 

~arallel to the coast just leeward of the reef. 

'The .i:'e-ef consists of a complex of sand, algal ridges, and living 

and dead coral formati~ns. Located in the central portion of the 

reef are two islan!ls~ .. Kapapa /Island on the outer shore, which is a 

limestone dune permanent)..y 'abo~e water, and Ahu 0 Laka Island on the 

leeward edge which is a sa~d 'bar exposed only at low tide. Pater 

depth over the reef averages slightly more than one meter., ~vi th the 

sea'vard edge dropping off gradually from the reef. -'the side ot the 

. reef adjacent to the deep, nearshore channel drops off sharply /~o 

Bathen (1968) reports that water entering and leaving the Day 

generally foll9wS the patterns shown in Figures 1 and 2. Over the 

portion of the reef located southeast of Kapapa Island there exists 

a nearly constant flm., of water across the central portion with a 

mean current velocity of 6 em/sec for a rising tide, decreasing to a 

mean velocity of 2 D~/sec for a falling tide. After passing through 

a region of extensive surf activity, the landward flo~:ring 'vater fans 

out with a portion passing east of Ahu 0 Laka Island and into the 
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Figure 2.. 
Kaneohe Bay Current Patterns 
for a Fa III n g Ti d e(B athen,1968} 



southeastern part of the Day. The remainder of the ~'7atcr pas s(:! s to 

the north of this island, proceeding in a westerly and south,·/csterly 

direction into the deep c!1annel. 

The five stations chosen for this study are 8hov111 in Fi~urc 3. 

They run in a southwesterly direction along the path of the current, 

passing south of Kapapa Island and just to the north of Ahu 0 Laka 

Island, covering a span of nearly three kilometers. This placement 

of stations allows for a comparison to be made bet~'lCen water of 

largely oceanic nature (Station 5), ~.;ater in contact wi th the reef 

for varying lengths of time (Stations 2 through 4) and \Vater Hhich 

has left the reef and is in the process of mixing Hith the deep, 

inner channel water (Station 1). These stations also allm.r the samp

ling of water which has passed over different bottom conditions: 

dense benthic algal growths, scattered coral patches and stretches 

of unconsolidated sediment. 
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METHODS 

A. Sampling 

The boats and facilities of the Hawaii Institute of Marine Biol

ogy, at Coconut Island, were used for the collection and preliminary 

measurements of the sea water at each station. The sampling stations 

were located by visually aligning prominent landmarks in and around 

the Bay. Water samples were collected by hand from a small boat, 

usually a four meter Boston Whaler. Collections were made with poly

ethylene bottles (4 liter capacity), prerinsed wi th water from that 

station, and immersed and maintained at a depth of 0.3 meters until 

filled. Care was taken to exclude surface water in view of the re

ports by Garrett (1967)~ Williams (1967) and others which indicate 

that a considerable concentration gradient of organic carbon exists 

in the upper few millimeters of the water column. Usually eight 

liters of water were collected at each station, but on days when the 

water was especially clear an extra bottle was collected. TIle 

bottles were tightly capped and returned to the laboratory for filtra

tion as quickly as possible. The usual interval between collec tion 

and f iltration was about two hours. Samples were collected on the 

following days: 17 and 24 July; 2, 14, 22 and 30 August; 4 and ,21 

September; 5 and 19 November. all in 1968, and also on 18 January of 

1969. On 17 March, 1969 a series of collections were "taken at 

10 
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100-200 meter intervals between Stations 4 and 1, to study in detail 

the changes occurring in this part of the reef. 

B. Direct Measurements 

While on statfon, in situ measurements of temperature and salin

ity were taken at the 0.3 meter depth using a Hydroproducts Model 

RS-5-3 portable induction salinometer. This unit was periodically 

standardized using a Hydroproducts Model 621 Salinometer with Copen

hagen Water for salinity and a laboratory thermometer for temperature. 

In situ measurements of dissolved oxygen were made using a Yellow 

Springs Model YSl5l polarographic oxygen probe. Prior to each meas

urement the apparatus was calibrated by using air as the 100% oxygen 

reference. 

Important to this study was knowledge of the velocity of the 

moving water over the reef at each of the stations. This information 

was obtained by timing the movement of fluorescein dye between two 

fixed points, usually the length of the boat when currents were slow, 

or the length of the boat plus the anchor line for swift currents. 

These values, for current velocities can only be considered approxima

tions, since the diffusion of the dye makes accurate velocity determi

nation difficult to achieve~ Current direction at each station was 

taken from a compass and was used to indicate the path of the water 

as it moved across the reef. 

Immediately after returning to Coconut Island, pH measurements 

were made to' the nearest 0.01 unit using a Corning Model 12 research 

pH meter. 



12 

The filtration of the samples was accomplished using 5.5 em 

Reeve Angel grade 934 AH glass fiber filters and Millipore Hydrosol 

stainless steel filter holders. The filters had been previously pre

combusted for one hour in a muffle furnace at 500°C to drive off 

volatile organic materials. The reef samples were filtered under a 

reduced pressure of slightly less than one atmosphere and the resi

dues washed with three small portions of sodium sulfate solution 

(45 gm/l) to remove the halides. 

C. Carbon Analysis 

Three parameters involving carbon concentration were measured 

for samples from each station across the reef. Dissolved organic 

carbon (DOC) is considered to be the material whi2h. passes through a 

filter, which may range from 0.45 to 1.0 microns in pore size, 

depending on the authority cited (Riley 1965; Provasoli 1966). Par

ticulate organic carbon (POC) is the organic material retained on the 

filter and may consist of living and non-living material. Particu

late inorganic carbonate (PIC) is the material retained on the filter 

which loses its carbon by acid treatment as carbon dioxide. 

1. Dissolved organic carbon. 

The method of Menzel and Vaccaro (1964) was employed to 

determine the concentration of DOC. This method uses 5 ml volumes 

.of filtered sea water, which are first purged of inorganic carbonate 

by treatment with 0.2 ml of 3% phosphoric acid and by. bubbling nitro

gen gas through the solution for three minutes. Once free of in

organic carbon. the samples are sealed in glass ampoules with 0.1 gm 



13 

of the oxid<1nt, potassium rcrsulfate. The s0<lled sea "1;].ter stlmpli:!S 

are then autocl.'lvcd for one> hour at the highest availGblc temperature 

(l27°C) to achieve oxidation. The carhon di.mdde produced l)y the 

oxidation is flllshed from the ampoult> with nitror,cn gal'; (fl,M rat~ of 

200 rn1/min) through a solution of potassium iodide in 107 sulfuric 

acid (40 gm/IOO ml) which removes the liberate(l chlorine. After 

being dried by passing through Anhydrone, the carhon rlioxidc enter,; 

the infrared analy~er (Beckman IR 215) . The analyzer res"[)onsc • c:, 
1.5 Lea 

into a recorder running at 0.1 in/min, using a 10 MV settin?,. TIle 

concentration of DOC is determined from the peak heights produced. 

Hu1tiple sanlples for each station were run as a check on the pre-

cision of the analyses. Calihration with solutions contain:Lng ynmm 

amounts of glucose and also by injecting knmm amounts of carbon 

dioxide in to the system allmV's recorder response values to be con-

verted to concentration by reference to a calibration curve. TIle 

precision of this method was found to be + 0.1 mg e/l. 

Henzel and Vaccaro (1964) report achieving 100% recoveries of 

organic carbon by their method for a large number of compounds, 

mostly amino acids and sugars. Fredericks and Hood (1965), using the 

same oxidant but a different detection system for carbon dioxide, 

found comparable results for sugars and amtno acids but 1mV' yields 

from stearates and longchained hydrocarbons. Similar 10\-1 yields 

have been obtained here in our laboratory (Erwin Suess, personal 

conununication) • Therefore in analyzing the results from this method 

of DOC analysis it should be kept in mind that these results may be 
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a little on the 1m" side because of the refractory nC!ture of some of 

the substances possibly present in seC! water. 

2. Particulate organic carbon and inorganic carbonate. 

To measure the Poe it was necessary to develop a method of 

analysis uSing the equipment available. It was decided to use 

potassium persulfate since it seemed to be the safest and best oxi

dant available. At first, a cyclic closed system was assembled \·lith 

the intention of allowing the oxidation to proceed until a constant 

carbon dioxide concentration ~vas obtained within the system. Diffi

culties with leaks in the circulating pump and throughout the system 

forced this approach to be abandoned. To circumvent this difficulty 

it was decided to let the carbon dioxide be flushed into the IR ana

lyzer as it was released by the oxidation process, taking the weight 

of paper under the resulting curve as being proportional to the 

amount of carbon dioxide passing through the analyzer. Figure 4 

shows the experimental setup used. 

To analyze for POC and PIC, the glass filters and residues were 

introduced into a 250 ml roundbottomed flask along '''ith approximately 

1.2 grams of potassium persulfate and a teflon coated stirring bar. 

The system was purged of carbon dioxide by passing nitrogen gas 

through at a flow rate of 270 ml/min. Once free of carbon dioxide, 

15 ml of 1:4 phosphoric acid was added to react with the inorganic 

carbonate in the sample. Use of a magnetic stirrer was found to 

accelerate the release of carbon dioxide by breaking up the filter 

and mixing the residue with the acid. The carbon dioxide released 
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,vas then recorded by the IR analyzer> allovling an estimate of the 

inorganic carbonate content to be made. Known vleights of calcite 

, .... ere used to calibrate the apparatus VIhich showed a precision of 

+ 10%. Figure 5 sh0\1s the calibration curve. 

Once all of the carbonate had been removed, heat VIas app l ied to 

the flask by means of an electric heating mantle, controlled with a 

rheostat. The oxidation at the boiling temperature of the mixture 

(ca 112°C) was maintained until the nitrogen gas had swept the system 

free of carbon dioxide. This usually required 20-30 minutes. The 

amount of POC ,.;ras determined by cutting out and ,.;reighing the curves 

obtained. Correction was made for the organic carbon on the filters 

and in the acid by subtracting from the sample peak weight the weight 

of curves from blank determinations. By making a comparison with the 

,.;reights of curves obtained from the oxidation of known amounts of 

carbon it ,.;ras possible to estimate the carbon abundance in each 

sample. Knm .... ing the volume of sea water filtered permitted the cal

culation of the concen tration of the POCo The precision of this 

method was found to + 8%. 

Difficulties with this method of analysis readily became appar

ent. First the degree of oxidation of the sample is subject to ques

tion. \~en comparisons were made between the analyzer responses for 

carbon dioxide released from samples of acidified carbonate and oxi

dized sugar containing equal amount of carbon, the sugars gave 

repeatedly lower recorder responses (see Figure 5). This suggests 

that delay in the release of carbon dioxide may yield high results. 
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Another problem resulted from the difficulty in operating in the 

linear portion of the analyzer response. Large portions of carbon 

dioxide were found to produce lower response values than expected, 

indicating a less efficient response by the analyzer for high concen-

trations of carbon dioxide. Erwin Suess has assembled an electronic 

integrator for this apparatus which it is hoped will allow this dif-

ficulty to be overcome. This integrator was not used for any of the 

analyses reported here in order to carry through the continuity of 

the results already obtained. 

The availability of an F & M Model 185 CRN analyzer late in this 

project offered a much better means of analyzing for POCo The sea 

water samples were filtered under pressure through Selas 1.2 ~ Flo

TM tronic Membrane silver filters using Millipore Sterifil Aseptic 

filter holders. The residue on the filter was treated with a 1:10 

solution of hydrochloric acid to remove the inorganic carbonate. The 

dried filters were covered with manganese dioxide catalyst and then 

were inserted into the combustion furnace where the samples were oxi-

dized by the catalyst-oxidant at 1080 oC. The gaseous components 

then were passed on to the reduction furnace where the oxides of 

nitrogen were converted to nitrogen and the excess oxygen was removed. 

The final gaseous products were then swept by the helium carrier gas 

into a gas chromatograph where nitrogen, carbon dioxide and water 

were separated and their thermal conductivity responses recorded. 

The quantities of each component were then determined from the peak 

heights produced by the recorder. Standardization of this apparatus 

was accomplished psing cyclohexanone-2,4-dinitrophenyl hydrazone. 
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The results from analyses made with this instrument allowed a com-

parison to be made between dry combustion and wet oxidation POC 

values. 

D. Staining Techniques 

Samples of the particulate material were subjected to staining 

techniques developed by Gordon (1968) which preferentially stain 

organic material for carbohydrate and protein. The periodic acid-

Schiff (PAS) technique was used to stain the carbohydrate portion of 

the sample. Periodic acid shows a high specificity for the oxida-

tion of the 1p2-g1yco1 structure of polysaccharides producing a1de-

hydes (MCManus and Mowry 1965). The aldehyde groups react with 

Schiff reagent (reduced basic fuchsin) to produce colors ranging from 

magenta to purple. Substances yielding such colors are described as 

being PAS positive materials. Among the many materials ~ossessing 

PAS positive characteristics are the mucus secretions mentioned by 

Johannes (1967). 

The protein material was stained using a mercuric chloride and 

ethanol solution of bromphenol blue (Mazia !:!. a1. 1953). This re-' 

~gent has been found to form mercury complexes by coupling the free 

amino groups with sulfhydryl, aromatic and carboxyl groups. This 

reagent stains proteins and little else, with the color intensity 

being proportional to the amount of protein present (Mazia et a1. 
, --

1953; Geschind and L1 1952). 

To stain, samples of sea water from the various stations were 



20 

filtered under pressure through 0.45 il Millipore filters. The 

staining oper~tions were carried out in the filter holders. For 

the PAS staining, 5% periodic acid was allo'Vled to stand in contact 

with the residues for fivo minutes. After rinsing the acid from 

the filters w'i th dis tilled water the Schiff reagent was a1lmled to 

react for six minutes followed by a thorough rinse with distilled 

water to remove the residual reagents. 

For the protein staining, the residue was treated with the 

bromphenol blue reagent for ten minutes followed directly by treat-

ment with 1:10 acetic acid for five minutes. The final treatment 

was to allow distilled \iTater to stand on the. filter for three min-

utes before being filtered through. The reagents for both staining 

operations were filtered as they were added to prevent contaminants 

from being confused for residue particles. Neither of the stains 

affects the Mil1ipore filters, thus providing a clear white back-

ground on which to view the particles. 

After being stained the filters and residues were dried and 

prepared for mounting on a glass slide. Sections ,,7ere cut from the 

filters for each station and were mounted side by side, using Per-

mount to clear the filters and to bind the cover slips to the slides. 

The stained particles \iTere viewed under a Nikon binocular microscope 

(Model S-Ke II) with a magnification of 200 x and using phase con·-

trast equipment. Qualitative differences in abundances, shapes and 

intensities of color were noted for the samples from each station. 

By use of an ocular micrometer it was possible to estimate the sizes 
I 



of the particles observed at the various stations. Photographs of 

the various types of particles were taken using a Nikon lightbox 

a ttachment to the microscope. 

21 



J~ESULTS AND DISCUSSION 

A. Temperature and Salini ty 

It \Vas the intention of this research to determine if the inter

actions between sea ~vater and coral reefs do result in changes in the 

characteristics of the water. Therefore, most of the results pre-· 

sen ted here will be shown as 6 values or changes in t;:he various 

parameters relative to their minimum values which 'tvere taken as zero. 

Tables IV through X list the measured values along with the calcu

lated 6 values for each of the investigated parameters. 6 values are 

shown for the properties of salinity and temperature in Figure 6. 

Here we see the mean values 'tvhich show a tendency for both parameters 

to increase as we proceed across the reef. A slightly.greater 

salinity change was found to exist for a rising tide, as might be 

expected for a general influx of more saline water. The slight 

increase in salinity observed most likely is the result of evapora

tion of \vater, as suggested by Eathen (1968). The mean temperature 

changes across the reef shO'tved a maximum of about + 105°C at Sta

tion 2. There is only a small difference between the mean values 

for rising and falling tides. It is conceivable that offsetting 

factors could be responsible for these observations. A rising tide 

would tend to bring in cooler water from the open ocean, but this 

would tend to move more rapidly across the reef than for a falling 

22 
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tide and thus allm" less time for the reef to 'warm the "later. 

n. Oxygen and pH 

The mean /:, oxygen and!':. pH data were found to be consistently 

higher over the reef, with the greatest changes to be found at Sta

tion 3. This is in agreement with Bathen's oxygen results. r~ote in 

Figure 6 that a seemingly distinct tidal pattern exists. Falling 

tides showed a greater increase in oxygen and pH over comparable 

values for rising tidei. This might be expected, in view ot the fact 

that for a falling tide Im"er current velocities have been observed, 

which means that the water ""ould be in contact with the reef for a 

longer period of time, and thus would have more time for interactions 

to occur. This tidal current velocity difference could result in the 

water being in contact ,vith the reef as much as three times longer 

for a falling tide. 

Several factors affect the pH of sea water: temperature, salin

ity. solution or precipitation of specific ions such as carbonate 

and photosynthesis and respiration by living organisms. Temperature 

and salinity have been shown to change only slightly across the i reef 

and therefore are unlikely to be largely responsible for the observed 

pH changes. The possibility of inorganic solution or deposition of 

carbonate ions is a difficult factor to evaluate since its occurrence 

is usually detected by measuring changes in pH. This factor might 

not be expected to be of much significance in Ugh t of the work of 

Chave (1965). which indicates that carbonate particles in sea \"ater 

become coated with organic material which effectively pr,events their 



interaction with their environment. It was noted that the changes 

in oxygen concentration correlate very nicely with the changes in 

pH. This suggests that photosynthesis and respiration may be the 

agents principally responsible for the changes observed. Auto

trophic organisms would tend to increase the oxygen content of the 

water in daylight while at the same time would be reducing the 

carbon dioxide concentration. resulting in a pH increase. The fact 

that the maximum changes for both oxygen and pH were found down

stream from a region of extensive algal growth tends to support the 

view that photosynthetic activity is largely responsible for the 

increases in these parameters. 

C. POC Concentration 

25 

It is interesting that the changes in oxygen and pH, which show 

a strong similarity, closely parallel the results from POC analyses. 

The mean ~ POC values, shown in Figure 7, indicate that maximum 

values for particulate organics occurred at the same stations as the 

oxygen and pH maxima, further suggesting a connection between photo

synthetic activity and changes in water parameters. 

The data in Figure 8 show that sligh~ly higher ~ POC values 

were generally exhibited by rising tides, which could be the result 

of swifter currents sweeping up more of the benthic algal material 

as the water flows past. Station 3 is an exception to this trend, 

showing essentially the same mean 6 POC concentration for both tidal 

conditions. The changes in POC across the reef were found to be 
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quite variable on different collection days. At first, attempts to 

correlate these observations with tinal changes failed to produce 

2B 

a clear pattern. It \vas not un til tidal conditions for the day 

prior to collection \vere considered that a pattern became apparent. 

This is not surprising since it some times takes longer than a day 

for water to complete its journey across the reef. Figures 9 and 10 

sho\v that on successive days of large tidal fluctuation (in excess 

of t\VO feet), such as 21 and 22 August and 3 and 4 September, 1963, 

we find large maximum b. poe values in excess of 1 mg ell at Station 3. 

Similarly, moderate tidal fluctuations, as observed on 1 and 2 August 

and 18 and 19 November, 1968, were accompanied by b. poe concentra

tions of 0.8 and 0.6 mg ell respectively. On 16 and 17 July and 13 

and 14 August, 1968, days of minimal tidal variation (from one to 

one and a half feet) corresponded to low b. poe concentrations of 

0.2 and 0.4 mg ell respectively at Station 3. 

Although tidal fluctuations do fit many of the observations, 

they do not explain all of the data. This suggests that other 

factors are responsible for some of the changes in poe concentration. 

Attempts to correlate b. poe values with wind and surf conditions 

,vere not very successful. TIle fe,v days Hhen high b. poe values 

matched with strong winds, they also corresponded to days of maximum 

tidal variation. 

A co.mparison of b. poe values with current velocities was made, 

but unfortunately was incomplete because fluorescein dye was not 

available for the earlier analyses. Table I shmvs the results of 
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.eight sets of current velocity measurements which cover the period 

from 22 July, 1%8 to 17 Narch. 1969. Typical data show that 

19 November, 1968, a day exhibiting a large t:, POC, shovled current 

velocities of from 10-16 em/sec as compared with data for 30 August, 

1968, a day of 1m.; t:, POC, when the velocities ranged from 2-5 em/sec. 

Host of the t:, POC values and current velocities "lere found to show 

good correlations. 

Table I. Current velocities (em/sec) measured for five 
stations across the reef on eight separate days. 
All currents were generally moving landward. 

Date S t a t i 0 n s 
1 2 3 4 

22 August, 1968 2 2 3 

30 August 2 4 5 4 

4 September 3 10 14 13 

21 September 2 2 3 9 

5 November 3 5 8 8 

19 November 10 13 16 

1 January, 1969 4 4 10 8 

17 Harch 6 11 13 16 

5 

3 

10 

10 

8 

10 

10 

Another possible factor affecting the observed POC results is 

the formation of eddies over the reef which would tend to modify the 

existing water patterns and to carry water abnormally to and from the 

sampling area. Dye studies have indicated several times that ~vater 

at various stations moved at nearly right angles to the general flow 



of \vater. These deviations C'lre ahv<"IYs local and movement to the 

next station usually found a return to the expected pattern. These 

eddies could be responsible for introducing water with shorter or 

longer residence times over the reef and this could be the cause of 

the results \vhich do not match up ~vith the expected tidal pi1ttern. 
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There are undoub tedly many sources for POC \vhich becomes more 

abundant over the central portion of the reef. The major contributor 

would appear to be the extensive grmvths of benthic algae s ca ttered 

over the reef and especially concentrated leeward of the surf zone. 

On some days, usually those of large tidal change, it was not un

common to see clumps of material 2-3 centimeters across floating in 

the water. These appeared to be composed of brm-m hair-like strands. 

Hicroscopic studies showed that much of this material is PAS positive 

and therefore largely carbohydrate. 

Other possible sources of POC include the presence of patches or 

blooms of planktonic organisms. An apparent example of this source 

was demonstrated by the abnormally high POC results obtained at Sta

tion 1 for the days: 17 July, 4 September, 5 and 19 November. vihen 

high concentrations of zooplankton were observed in the \vater as it 

was filtered. The existence of such patches of zooplankton in 

Kaneohe Bay has been noted by William Peterson (1968, personal com

munication) who studied zooplankton populations in this Bay. Stain

ing studies have further confirmed these observations by showing a 

higher incidence of zooplankton at Station 1 than at the other sta

tions. 



Possib Ie animal sources of POC include the TIHlCUf; secre tions 

from coral and also from certain fish. Finn (1955) reports observ-

ing the formation of mucus envelopes around parrot fish, both in 

the laboratory tanks and out in reef areas. Simi l ar observations 

\'lere also reported for a species of Hmvaiian Hrasse. These enve-

lopes are secreted at night and then left behind at daylight. No 

data are available on the populations of parrot fish and Hrasse for 

this reef, but one would not expect this to constitute a major source 

of poe for a reef of this size. Similarly, the coral which is sparse 

and widely scattered across the reef \.;ould seem to be a minor source 

of poe for this reef also. 

Alison Kay (1969 t personal cOr:lmunication» in conducting a 

systematic collection of mollusks on a small neighboring reef in 

Kaneohe Bay, found a high concentration of vermetids. \.;orm-like mol-

lusks Vlhich catch much of their food by means of mucus sheaths which 

are thrust out into the surrounding water and then withdravm. These 

organisms were found concentrated on the firm surfaces of the front 

edge and the algal ridge portions of the reef with densities as high 

2 as 200jm. Similar concentrations, if present on the larger reef 

for which the poe measurements ,.,rere made, could conceivably con trib-

ute an appreciable amount of POC through the loss of these mucus 

sheaths by wave action and swift currents. This, however, remains 

to be demonstrated as a common occurrence. 

The 17 March, 1969 study at stations 100-200 meter intervals 

apart across the reef (see Figure 3) follm'led the path of the moving 
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water for the strongly rising tide of that day. Ll Figure II, the 

results SIIOW a gradual increase in POC over the a12al rezion with 

approximate increments of 0.1 mg Cil betVleen stations, which con-

tinued to increase past the end of the zone of algae. At about the 

equivalent of Station 3. the POC values peaked and then decrc,1sed at 

about the same rate as the increase. This decrease in POC, \.]11ich '"las 

typical of most of the collections. might be explained in terms of 

the behavior of the suspended inorganic carbonate particles. If 

inorganic material becomes associated with organic coatings as indi-

cated by Chave (1965) and if, as will be sho,m shortly, particulate 

. inorganic carbonate concentration decreases as the current velocity 

drops off, then the observed decrease in POC may represent the los s 

associated with the settling out of suspended carbonate particles. 

Microscopic studies of the particulate matter viewed under polariza-

tion equipment tended to substantiate this hypothesis. rne number of 

particles larger than 100 ~ was found to be greatest at Stations 3 

and 4. with a gradual decrease in number and size of particles for 

Stations 2 and 1. Although DOC is most likely the source of this 

organic material, it would be collected as POCo and thus if lost by 

settling, would show as a loss in roc concentration. Good correla-

tion was found between changes in POC and the PIC as may be seen in 

Figures 7 and 11. 

Another possible cause for the observed decreases in POC for the 

area leeward of Station 3 is consumption of the particles by organisms. 

I 

Hetabolic activity by the organisms wo~ld result in the conversion of 



the poe to carbon dioxide with oxygen being consumed. The oxygen 

and pH values were observed to decrease in this region which lends 

support to the consideration of this possibility. However~ the 

visible biomass is quite sparse for this region. It is true that 

the loose and unconsolidated material composing the reef bottom in 

this region .could supply a suitable habitat for a large variety of 

benthic organisms, but their apparent abundances do not indicate 

that they could be responsible for the observed changes. Unfortu

nately, a proper evaluation of the effects of respiration by organ

isms would require a much more thorough study involving 

biologically-oriented observers and could constitute an excellent 

thesis problem in itself. 
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The comparison between result of POC analyses by wet oxidation 

and dry combustion brought to light a factor which should be kept in 

mind when evaluating the results from this study. It was found that 

when samples from the same stations were analyzed by both methods» 

consistently higher values of about 0.15 mg ell were obtained by the 

wet oxidation method. The changes between stations were found to 

parallel one another for the results from both methods. Tables II 

and III show the results of various experiments which were conducted 

to investigate the cause for this uniform discrepancy in results. 

As can be seen from the data, when the same type of filter was used 

for both analyses, consistently good agreement in values for both 

methods were obtained. These results indicate that the difference 

in type of filter used was responsible for the observed discrepancy 



in results. 

Table II. Comparison of the effect of different types of filter 
on the POC concentration (mg ell) as de termined by 
we t oxida cion and dry combus tion analyses. 

Type S t a t i o n s l-fe an 
1 2 3 4 5 Differences 

Het on glass O.lS 0.17 0.32 0.30 0.33 
Dry on silver 0.08 0.05 0.13 0.11 0.11 0.16 

hTet on silver 0.16 0.12 0.12 0.06 
Dry on silver 0.15 0.10 0.13 0.07 

0.01 

Table III. Results from multiple analyses of residues from the 
same Hater sample on both glass fiber and silver 
filters when determined by the wet oxidation method 
(POe in mg C/l). 

Glass Filters 

0.31 
0.36 
0.44 

0.37 He an 

Silver Filters 

0.22 
0.22 
0.26 

0.23 

Mean difference 0.14 mg Cil 
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The implication of these results is that the glass filters must 

either be more efficient in filtering out the particulate matter or 

they must retain more of the dissolved organic material for the sea 

,yater during the filtration process. v;rhichever the case ~ it should 

be borne in mind that the results reported here w'ere obtained by ,yet 

oxidation on glass filters and thus are likely to be higher than any 

subsequent ",.,ork that migh t be done in the future using silver filters. 

Since the differences appear to parallel one another over the 
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range of concentration found in the Bay. this discrepancy in results 

should not affect this study of relative chanr;es in POC occurring 

across the reef. 

D. DOC Concentration 

The DOC results show variability for the different collection 

days, bu t the mean values, . shown in Figure 7. exhibit a consistent 

trend tm"ard a gradual increase across the reef from the sea,.;rard 

Station 5 to leeward Station 1. Fir;ure 8 suggests that tidal effects 

are minimal, thus leading one to conclude that current velocities and 

the amount of water being introduced have little or no influence on 

this parameter. It is possib Ie -that the turnover time for much of 

the DOC is so short that the measured values do not reflect the var

ious changes "hich take place. This rapid turnover could be the 

result of the conversion of DOC to roc which might be consumed by 

detritus feeding organisms, as ,"as demonstrated by Baylor and Sut

cliffe (1963). Pillother possible cause is suggested by Fogg (1966). 

,.;rho cites the work of others ,"hich indicates that bacteria are the 

principal consumers of the more reactive portions of the DOC. such as 

sugars and acetate. In general, the changes in DOC beb"een stations 

were approximately equal to the uncertainty for the analytical 

method, but the persistent reoccurrence of this pattern of a gradaal 

increase across the reef does support the belief that such changes 

are real. 

Several possible sources of DOC exist. The excre tion of ,-laS te 

and other metabolic materials by living organisms is a likely 
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possibility. Fogg (1966) reports on studies whidl in dicate that 

phytoplankton are capable of excretin8 a sizable portion of their 

fixed carbon into their surroundings. Another possib Ie source of 

DOC is the conversion of POC to DOC through the activities of bac

teria or the metabolic activities of larger organisms • . Such changes 

might occur on the surfaces of suspended mineral particles, or per

haps as the result of t he ingestion of particles along the lines of 

mucus secretions as suggested by Johannes (1967). Here again ,.;re find 

that there is too little information available about this type of 

in teraction to al1mv a proper evaluation to be made. 

E. PIC Concentration 

The pattern for mean changes in PIC concentration across the 

reef closely resembles that for POCo except that the scale is greatly 

reduced (see Figure 7). Values at Station 3 are higher for a falling 

tide. while the maximum shifts to Station 4 for a rising tide. This 

observation may not represent the typical picture because of the 

extremely high PIC concentrations observed at Station 4 on 19 Novem

ber . This was a day of extremely high winds and surf activity and 

this undoubtedly stirred up more carbonate sediment than usual. For 

other days the correlation between ,vind conditions and PIC changes 

was found to be quite poor, suggesting that this usually is not an 

important factor as far as PIC is concerned. This most likely is 

true because the regions in contact with the surf have long since 

been svlept clean of loose sediment and hence do not contribute much 

to the suspended carbonate content of the vlater. A better 
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correlation \.]as found bCt\-leen the amount of tioal fluetuQtion and 

the rIC values. As \'li th the POC, hizher carbon con ten t H;:l S observed 

to correspond to days with maximum tidal changes. This in turn 

suggests th.:1t the velocity of the moving Hater is the dominant: 

factor involved. II. comparison of measured current velocities '\'lith 

days of maximum and minimum PIC values gives quite goodmatches~ 

The study of 17 March, 1969 produced a picture ~f what appears 

to happen to carbonate material over the reef. Figure 11 shows that 

the stations over t,:he algal region gave nearly constant PIC: values, 

but once the water ,.]as clear of this ridge the values sharply in

creased. This region from Stations 313 to 1 is covered Hi th loose 

sedimen t which apparently is stirred by the moving water, thereby 

putting added material into suspension. TI.e general decrease in PIC 

in the region leeward of Station 3 corresponds to a steady decrease 

in current speed \Vhich a11m.]s se tt ling of the larger particles to 

take place. Microscopic studies indicate a decrease in the average 

particle size and abundance for the Stations from 3 to 1. As men

tioned earlier, this quite likely is at least partially responsib Ie 

for the observed POC concen tra tion decrease for this region. 

F. Staining Results and C/N Ratios 

The staining of the filtered residues showed a predominance of 

PAS-positive material over the protein staining substances. The PAS

positive materials varied in form from the obvious remains of living 

organisms, such as strands and other well organized structures, to 

aggregates and fragments vlhich had no recognizable form. The 
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protein-stained particles generally consisted of small lumps or 

flakes, except fortlle occasional zooplankton which appeared. This 

observation of largely carbohydrate content in the ,"<lter over the 

reef is reflected in the C/N ratios obtained usine the F & M <lna

lyzer. For the two days sampled, the ratios ranged from 6.8 to 13.0 > 

giving an average ratio of 9.1. Sverdrup ~ a1. (1942) reports an 

average C/N ratio for protein of approximately 3 . }fore recen tly. 

data for plankton gave C/N ratios of 4 for zooplankton (Beers 1966) 

and 5 for phytoplankton (Holm-Hansen et a1. 1966) ,"hich suggests 

that plankton "ere not the major constituents collected on the 

filters. Visual observation under the microscope confirmed this 

conclusion. 

\~len unstained particles were studied microscopically, they 

,"ere found to possess brown surface coatings ,"hich probably are the 

organic coatings reported by Chave (1965). A comparison of particle 

size and abundance clearly demonstrated a decrease in size and 

number of particles larger than 100 f.l> as ,,,e proceed tm"ard S ta tion 1 

in the sampling . This nicely supports the contention that the larger 

carbonate · particles settle out in the slm'7er moving water. 



CONCLUSIONS 

The results obtained in the course of this invC!stiZ.:ltiou [~ive 

convincing evidence that the \.Ja ter passing across this barrier reef 

undergoes changes in its characteristics as a result or in teractions 

~.Jith the reef. The observed changes ranged from minor changes in 

salinity. temperature and DOC, to major changes in oxygen. pH, POC 

and PIC. Hi th the exception of the PIC all of the maj or changes 

appear to be directly related to the activities of living organisms 

in the reef. Yne changes observed indicate that extensive production 

of organic material occurs in the central portion of the reef. The 

relative contribution of particulate organic material from specific 

plant and animal sources is difficult to estimate, but the major 

portion of the POC was found to give positive PAS reactions, thereby 

indicating a predominance of carbohydrate material. The CIN ratio 

studies tended to support this view. Thus plants appear to be the 

largest contributors of POC to this reef. 

The fact that days of large tidal fluctuation, with the accom

panying high current velocities, produced the largest increases in 

POC, plus the frequent observation of clumps of hair-like material 

floating in the water sugges ts that the extensive grm.Jths of benthic 

algae are the major contributors of the POC on these days. Furthe r 

evidence in support of this vie" is the fact that Station 3, which 
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shmvcd the highest fj pac values, ,vas located just dOV!nSt-CC.1Jil from 

the algal region and ,-Jas also the station slim/ins the largest chanzes 

in oxygen and pH. 

Other paten tial POC sources \-Jould include the blooms and retches 

of plankton. Zooplankton are believed to have contributed to the 

high pac values obtained at the nearshore Station 1. Mucus S8cre-· 

tions by animals do not appear to be an important source of particu-

late organics for this reef, based on the apparently small population 

of such secreting organisms for this reef and the failure to observe 

large quantities of recognizable mucus particles microscopically. 

The decreases in pac concentration might be attributed to sev

eral possible causes. Among the more promising possibilities are the 

settling out of organic-bearing particles of carbonate, consumption 

of particulate matter by detritus feeders and the dilution of the 

particulate matter as the ,,,ater mass fans out over the reef. No one 

factor appears to explain the data satisfactorily and perhaps the 

observed decreases are the resul t of a combination of these fac tors. 

Despite the observed decreases in POC values for the water as it 

moves be tween Stations 3 and 1, the water 'vhich ' leaves the reef still 

has a mean concentration of almost tvlice as great as that for the 

\vater Vlhich arrives. Thus a net export of organic material is observ

able for this reef. 

Dissolved organic carbon ,vas observed to increase in concen tra

tion only slightly across the reef. This may repr8sent the true 

extent of contribution by the reef's inhabitants or it might be the 
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net result of a multitude of excretions and assimilations which take 

place in the extensive time required for the water to cross the reef. 

All that can be safely concluded about this parameter is that it con

tributes some of the organic material \o1hieh is exported from this 

reef. 

The PIC increases in concentration at Station 3 are probably 

the result of agitation by the passing \vater. since the concentration 

decreases in the calmer waters of the leeHard portions of the reef. 

Less PIC seems to leave the reef than arrives, thus indicating a net 

accumulation. Aerial photographs and microscopic observations tend 

to substantiate this conclusion. 

He are thus left with a series of complex interactions Hhich 

occur in the water Hhic11 bathes this reef. Many of these inter

actions are still too poorly understood to allm., a proper evaluation 

of their importance. The evidence collected does indicate that many 

of the expected interactions are occurring and to the extent that 

would be expected for a dynamic system shoHing a sizable bionass. 

The data provided here provides only a rough picture of the extent of 

the in teraction be tween sea wate r and the reef. Hore de tai led 

studies of the various interactions Hill be required before the full 

implications of this study become clear. The fact that many of these 

interactions can be followed by noting changes in ,vater characteris

tics indicates that this is a technique vlhich should be more fully 

utilized in the future to assist in filling many of the gaps in our 

present knowledge about the transformations occurring in coral reef 

regions. 



Table IV. Temperatur~ measurements at stations 1-5 across the Kaneohe Bay reef for selected days 
be b·.reen J uly ~ 1968 and January, 1969 

Date Station 1 Station 2 Station 3 Station 4 Station 5 
T °c 6T °c T °c 6T °c T °c 6T °c T °c 6T °c T °c 6T °c 

Falling Tide 
I .... -.~ 

17 Juiy/ 196B 28.1 1.7 26.8 0.4 27.4 1.0 26.4 0.0 26.4 0.0 

2 August 28.1 1.1 28.8 1.8 28.3 1.3 27.4 0.0 

14 August 27 .9 0.6 27.3 0.0 28.1 0.8 27.9 0.6 27.6 0.3 

30 August 28.3 0.8 28.5 1.0 28.4 0.9 27.8 0.3 27.5 0.0 

4 September 28.4 0.6 30.1 2.3 29.7 1.9 28.3 0.5 27.8 0.0 

18 January 1969 25.4 1.0 25.4 1.0 25.1 0.7 24.4 0.0 24.4 0.0 

Mean l:,. Values 1.0 1.1 1.1 0.4 0.0 

Risin~ Tide 

22 August 1968 28.9 0.8 29.1 1.0 28.8 0.7 28.1 0.0 28.3 0.2 

21 September 29.1 1.3 30.1 2.3 29.3 1.5 28.8 1.0 27.8 0.0 

5 November 28.5 0.7 29.7 1.9 29.4 1.6 28.S 0.7 27.8 0.0 

19 November 27.5 0.4 28.0 0.9 27.6 0.5 27.3 0.2 27.1 0.0 

Mean !J. Values 0.8 1.5 1.1 0.5 0.0 
.': 

Combined Means 0.9 1.3 1.1 0.5 0.0 

6T °c = The difference be boJeen the temperature measured and the Imv'est temperature at all stations J:'-

recorded on that day. 
Vl 



Table V. Salinity measurements at Stations 1-5 across the Kaneohe Bay reef for selected days be t'i'leen 
July, 1968 and January~ 1969 

Date Sta.tion 1 Station 2 Station 3 Station 4 Station 5 
SO/DO liS % o SO/oo liS % o SO/DO liSa/DO SO/oo liS%o SO/oo liS%o -- -- ---- --- --- ---

Falling Tide . 

17 July 1968 34.8 0.4 . 34.6 0.2 34.7 0.3 34.4 0.0 34.4 0.0 

2 August 35.3 0.5 34.8 0.0 35.0 0.2 25.3 0.5 

14 August 35.6 0.4 35 • [" 0.2 35.2 0.0 35.5 0.3 35.l} 0 • .2 

~O August 3l~. 7 0.0 34.7 0.0 34.7 0.0 34.8 0.1 35.0 0.3 

4 September 34.0 0.0 34.5 0.5 34.6 0.6 34.5 0.5 34.3 0.3 

18 Sanuary 1969 35.1 0.1 35.1 0.1 35.2 0.2 35.1 0.1 35.0 0.0 

Hean !J. Values 0.1 0.2 0.2 0.2 0.2 

Rising Tide 

22 August 1968 35.8 1.6 35.6 1.4 35.5 1.3 34.9 0.7 34.2 0.0 

21 September 35.0 0.3 35.2 0.5 34.8 0.1 34.7 0.0 35.0 0.3 

5 November 34.5 0.2 34.3 0.0 35.1 0.8 35.0· 0.7 35.0 0.7 

Hean li Values 0.7 0.6 0.7 0.5 0.3 

Combined Heans 0.4 0.3 0.4 0.3 0.3 

!J.S%o = The difference betvleen the salinity measured and the Im ... est salinity at all stations 
recorded on that day. ~ 

"" 



Table VI. Oxygen measur ements at Stations 1-5 acr oss the Kane ohe Bay reef for selected days beD-leen 
Ju1y~ 1968 and January , 1969 

Date Stati on 1 Stati on 2 Stati on 3 Stat ion 4 Sta tion 5 
0' mg/1 ~O mg /1 9 mg/1 t.o mg/1 o mgt! t.O lUg /1 o mg /1 t.O mg /1 0 mg/1 t.o mg / 1 

Falling Tide 

14 August 1968 5.8 0.5 6 . 3 1.0 7 . '. 2.1 7.6 2 .3 5.3 0.0 

30 Augus t 6.3 0 . 3 7.0 1.0 8.9 2.9 8.7 2.7 6.0 0.0 

4 September 4.5 0.7 4.7 0.9 6 .0 2 .2 5 . 7 1.9 3 . 8 0.0 

Mean t. Values 0 . 5 1.0 2 .4 2. 3 0.0 

Rising Tide 

22 Augus t 1968 4.5 0.0 6.0 1.5 6 .1 1.6 5.0 0.5 4.8 0.3 

21 Sep t ember 6.0 0.0 6.7 0.7 7.6 1.6 7 .3 1.3 6.6 0.6 

5 November 6.7 0.2 7.1 0.7 7.9 1.5 7.6 1.2 6.1f 0.0 

19 November 5.7 0.0 7.6 1.9 7.0 1.3 6.2 0.5 5.8 0.1 

I-lean t. Values 0.0 1.2 1.5 0.9 0.2 

Combined Heans 0.2 1.1 1.9', 1.5 0.1 

60 mg/1 = The di ffe rence betvleen the oxygen concentration measured and the 1m,es t oxygen re ading at 
all stations recorded on that day . 

.z:,. ..... 



Table VII. pH measurements at Stations 1-5 across the Kaneohe Bay reef for selected days beb'Teen 
Julys 1968 and January, 1969. 

---
Date Station 1 Station 2 Station 3 Station 4 Station 5 

£!!... ApH .E!!.... l1pH ~ llpH ~ llyH ~ l1pH 

Falling Tide 

2 August 1968 8.19 0.05 8.21 0.07 8.20 0,06 8.21 0.07 8.14 0.00 

14 August 8.13 0.00 8.39 0.26 8.32 0.19 8.33 0.20 8.25 0.12 

30 August 8.10 0.00 8.18 0.08 8.30 0.20 8.31 0.21 8.20 0.20 

4 September 8.18 0.00 8.40 0.22 8.43 0.25 8.30 0.12 8.23 0.05 

18 January 1969 8.02 0.00 8.09 0.07 8.22 0.20 8.23 0.21 8.21 0.19 

Mean 11 Values 0.01 0.14 0.18 0.16 0.11 

Rising Tide 

22 August 1968 8.15 0.00 8.35 0.20 8.29 0.14 8.19 0.04 8.18 0.03 

21 September 8.13 0.00 8.25 0.12 8.29 0.16 8.22 0.09 8.20 0.07 

5 November 8.13 0.00 8.25 0.12 8.29 0.16 8.20 0.07 8.23 0.10 

19 November 7.99 0.00 8.13 0.14 8.10 0.11 8~02 0.03 8.04 0.05 

Mean II Values 0.00 0.14 0.14 0.06 0.06 

Combined Heans 0.01 0.14 0.16 0 . 12 0.09 

l1pH =: The difference between the pH measured and the 10lvest pH at all stations recorded on that day. 
J::-
OJ 



Table VIII. Dissolved organic carbon values at Stations 1-5 across the Kaneohe Bay reef fo); 
select ed days be D"een July ~ 1968 and January, 1969 . 

---"_ .. 
Date Station 1 Station 2 Station 3 Station 4 Station 5 

C mg!l.:., t,C mg!l C mg!l !::'C mg!l C mg!l t,C mgll:... C mg/l 6.C mg!l C m~ /l !:.C mg/l 

Falling Tide 

17 July 1968 2.2 0.4 1.9 0.1 1.9 0.1 1.8 0.0 1.8 0.0 

2 August 1.7 0.1 1.7 0.1 1.7 0.1 1.6 0.0 1.7 0.1 

11. August 2.4 0.6 2.3 0.5 2.1 0.3 1.9 0.1 1.8 0.0 

30 August 1.4 0.2 1.5 0.3 1.6 o .f; 1.4 0.2 1.2 0..0 
I} September 1.5 0.3 1.4 0.2 1.3 0.1 1.2 0.0 1.2 0.0 

-18 January 1969 1.3 0.2 1.6 0.5 1.5 0.4 1.1 0.0 1.3 0.2 

Hean t, Values 0.3 0.2 0.2 0.0 0.0 

Rising Tide 

24 July 1968 2.0 o .l~ 1.9 0.3 1.7 0.1 1.6 0.0 1.7 0.1 

22 August 1.9 0.5 1.8 0.4 1.6 0.2 1.4 0.0 1.6 0.2 

21 September 1.9 0.5 1.8 0.4 1.6 0.2 1.4 0.0 1.4 0.0 

5 November 1.6 0.2 1.9 0.5 1.9 0.5 1.5 0.1 1.4 0.0 

19 November 1.6 0.2" 1.6 0.2 1.4 0 . 0 1.4 0.0 1.6 0.2 

Mean l!. Values 0.4 0.4 0.2 0.0 0.1 

Comb ined Heans 0~3 0.3 0.2 0.0 0.1 

l!.C mg/1 = The difference between the concentration of disso"Ived organic carbon and the Imvest DOC .r;-. 
values at all stations recorded that day. \0 



Table IX. Particulate organic carbon values at Stations 1-5 across the Kaneohe Bay reef for 
selected days between July, 1968 and January, 1969. 

- --------------
Date Stat:l.O!"l 1 

~1 ~mg/1. 
Station 2 Station 3 Station 4 Station 5 

.C mg/1 (:C mg/1 · C mg/I_ I1C __ :ngl.l C lUg/I !:::.C mg/l_ . ~L!. 6C IDg/I 

17 July 1968 

2 August 

14 August 

30 August 

4 September 

18 January 1969 

Mean b. Values 

24 July 1968 

22 August 

21 September 

5 November 

19 November 

Mean 11 Values 

Combined Means 

0.74 

0..29 

0.19 

0..25 

0.51 

0.34 

0.37 

0.31 

0.35 

0.70 

0.54 

0.62 

0.03 

0.00 

0.03 

0.23 

0.17 

0.18 

0.11 

0.08 

0.07 

0.55 

0.33 

0.23 

0.20 

0.36 

0.30 

0.55 

0.27 

0.36 

0.30 

0.63 

0.65 

0.28 

0.27 

0.39 

0.24 

0.04 

0.36 

0.05 

0.08 

0.13 

0.15 

0.37 

0.42 

0.00 

0.12 

0.18 

0.22 

0 .. 18 

~.[J;ide 

0.30 0.18 

1.10 0.85 

0.65 0.46 

0.44 0.22 

1.40 1.10 

0.33 0.16 

0.50 

Rising Tide 

1.40 

0.44 

0.28 

0.83 

1.20 

0.16 

0.13 

0.62 

0.53 

0.51 

0.24 

0.4t} 

o .l}6 

0.30 

0.56 

0.17 

0.43 

0.37 

0.60 

0.25 

0.51 

0.12 

0.18 

0.27 

0.08 

0.28 

0.00 

0.16 

0.17 

0.14 

0.32 

0.10 

0.30 

0.21 

0.18 

0.12 

0.26 

0.30 

0.22 

0.28 

0.18 

0.26 

0.23 

0.28 

0.15 

0.21 

f:.C mg/1 = The di.fference beDveen the concentration of particulate O1.·ganic carbon and the 10\vest 
POC values at all stations recorded that day. 

0.00 

0.00 

0.11 

0.00 

0.00 

0.01 

0.02 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.01 

VI 
o 



Table X. Particulate inorganic carbonate values at Stations 1-5 across the Kaneohe Bay reef for 
selected days between July. 1968 and January, 1969. 

-- - - ---
Date Station 1 Station 2 Station 3 Station 4 Station 5 

C mg/l lIC mg/l C mg/l lIC mg/1 C mg/l ~S_..!!:..g/l ~TE.g/l 6C mg/I C mgll !e.C mg/l 

Falling Tide 

17 July 1968 0.07 0.00 0.17 0.10 0.19 0.12 0.12 0.05 0.09 0.02 

2 August 0.05 0.00 a .Itf 0.09 0.41 0.36 0.09 0.04 0.10 0.05 

ll. August 0.02 0.00 0.08 0.06 0.18 0.16 0.17 0.15 0.07 0.05 

30 August 0.07 0.03 . a .11 . 0.07 0.18 0.14 0.12 0.08 0.01+ 0.00 

4 September 0.04 0.00 0.10 0.06 0.38 0.34 0.11 . 0.07 0.08 0.04 

18 January 1969 0.01 0.00 0.28 0.27 0.30 0.29 0.13 0.12 0.27 0.26 

Mean II Values 0.00 0.11 0.24 0.08 0.07 

~ng Tide 

24 July 1968 0.14 0.00 0.47 0.33 0.40 0.36 0.14 0.00 

22 August 0.06 0.00 0.11 0.05 0.18 0.12 0.15 0.08 0.08 0.02 

21 September 0.04 0.00 o • lIt 0.10 0.14 0.10 0.20 0.16 0.08 0.04 

5 November 0.01 0.00 0.09 0.08 0.11 0.10 0.08 0.07 0.08 0.07 

19 November 0.03 0.00 0.13 0.10 0.41 0.38 0.57 0.54 0.16 0.l3 

Mean II Values 0.00 0.13 0.18 0.24 0.05 

" Combined Heans 0.00 0.12 0.21 0.16 0.06 

lIC mg/l = The difference bet~veen the concentration "" of particulate inorganic carbonate and the r-' 

1mvest PIC values at all stations recorded that day. 
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Table XI. Carbon/nitrogen ra tio values at stations 1-5 across 
the Kaneohe Bay reef for two days in January, 1969. 

Station 1 Station 2 Station 3 Station 4 Station 5 

18 Januarl2 1969 

8.7 10.8 11.2 13.0 8.2 

29 January, 1969 

7.5 7.9 6.8 8.2 

Mean for both days 9.1 
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