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Abstract

Chromophoric dissolved organic matter (CDOM) can play an important role in regulating biological production in coastal

environments. Fluorescent dissolved organic matter (FDOM) is a subset of the larger CDOM pool that can be used to look at

sources of CDOM. Experiments were conducted with copepods and the pelagic larvacean, Oikopleura dioica to determine if these

two types of zooplankton excrete FDOM. Shipboard bottle experiments were conducted with copepods in the Gulf of Mexico, in

the Mississippi River Plume in April 2001 and laboratory experiments with the pelagic larvacean, O. dioica were conducted in

Oviedo, Spain in June 2001. Both copepods and O. dioica were found to excrete FDOM. Excitation/emission matrices revealed

that both animals contributed to fluorescent protein pools (ex/em 275/315–350 nm) and to humic-like material (maximum ex/em

300/420 nm). The humic-like material excreted by the copepods and larvaceans was shifted toward shorter wavelengths, providing

a possible unique fluorescent signature for zooplankton. Using a ratio of the humic-like fluorescence excreted by the animals (ex/

em 300/420) to the humic-like fluorescence maximum in controls (ex/em 320/420 nm) showed the zooplankton could contribute

nearly 50% of the Peak M fluorescence. Molecular weight analysis of the CDOM in an O. dioica excretion study showed that

O. dioica excreted CDOM was primarily b30 kDa. Both copepods and larvaceans are sources of marine FDOM and CDOM and

can potentially influence the amount and type of CDOM present in coastal waters.

D 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Chromophoric dissolved organic matter (CDOM)

comprises a variable but significant fraction of the dis-

solved organic matter (DOM) pool and is capable of

influencing the optical characteristics of the water col-

umn. Understanding the nature, sources and turnover of
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CDOM is critical for modeling the optical characteris-

tics of the water in coastal environments. CDOM

absorbs light in both the ultraviolet and visible wave-

lengths thereby influencing the amount of photosynthet-

ically available radiation. In many coastal environments

absorption by CDOM often exceeds that of particles

(DeGrandpre et al., 1996), therefore it can help to reg-

ulate primary production. While the majority of CDOM

in coastal regions is derived from terrestrial sources

(Obermosterer and Herndl, 2000), marine sediments,

phytoplankton and bacteria have been considered as

possible autochthonous sources of CDOM (Carder
gy and Ecology 332 (2006) 96–105
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et al., 1989; Chen et al., 1993; Hayase and Shinozuka,

1995; Skoog et al., 1996; Nelson et al., 1998). Other

biological sources of CDOM could be viral lysis or

zooplankton grazers. The turnover of terrestrial derived

CDOM versus marine CDOMmay vary, thus the source

of CDOM may affect its ecological significance. In a

recent study, Tranvik and Kokalj (1998) found that

photooxidation of terrestrial CDOM created biological

labile material that was quickly used by bacteria, while

photooxidation of marine CDOM created material with

decreased biodegradability.

Within the larger CDOM pool exists a smaller fluo-

rescence pool (FDOM). Due to the increased sensitivity

of the fluorescence methods the FDOM can be used to

look at sources of DOM and potentially at the cycling

of certain DOM pools (Coble et al., 1993; McKnight et

al., 2001). Known fluorescence DOM signatures are

Peak C (ex/em 350/460 nm) believed to represent ter-

restrially derived CDOM, Peak M (ex/em 320/420 nm)

representative of marine humic-like material, Peaks T

and B (ex/em 275/310 and 340 nm) which are protein-

like materials and Peak A (ex/em 260/460 nm) which is

considered to be bacterial derived (Coble, 1996). These

peak regions represent a mixture of fluorescent com-

pounds and slight changes in the excitation and emis-

sion maximum can reflect changes in the relative

proportion of different compounds or changes in their

oxidation state. These changes might reflect changes in

the source of the marine humic-like material.

Previous studies have shown that grazing copepods

contribute to dissolved organic material and to free

amino acids (Copping and Lorenzen, 1980; Roman

et al., 1988), therefore it is logical to assume grazers

could contribute to FDOM as well. However, nothing is

known about the role of zooplankton in FDOM forma-

tion or cycling. The objectives of this study were to (1)

determine if copepods and the pelagic larvacean, Oiko-

pleura dioica excrete FDOM, (2) examine the fluores-

cence characteristics of the DOM produced by

copepods and O. dioica relative to the known fluores-

cence peak regions.

Copepods and O. dioica were chosen for this study,

as they are both common neretic zooplankters with

contrasting feeding mechanisms. Copepods are the

most numerous multicellular organisms in the ocean

and are present year-around at concentrations generally

ranging from 0.2 to 5 per liter (Roff et al., 1988;

Mauchlin, 1998), though swarms greater than 100

copepods per liter have been reported (Mauchlin,

1998 and references within). They feed by filtering

particles N10 Am, which they grind with their mand-

ibles. In contrast, O. dioica is generally present sea-
sonally (Acuna, 1994; Gorsky et al., 1988; Lazarus

and Dowler, 1979; Esnal et al., 1985; Dagg, 1995;

Dagg et al., 1996; Buck and Newton, 1995; Naka-

mura, 1998; Kitalong, 1986) and when it occurs it

forms swarms that can have concentrations of grazing

oikopleurids as high as 30 animals per liter (Dagg

et al., 1996). In addition, O. dioica is a filter feeder

that consumes particles ranging in size from 0.2 to 30

Am (Bedo et al., 1993) and they have no hard mouth-

parts for grinding food rather they feed using a mucous

house filtration system (Deibel and Powell, 1987;

Flood, 1991).

2. Methods

2.1. Copepod excretion experiments

Experiments were conducted in April 2001 in the

Gulf of Mexico to examine copepod inputs to FDOM.

Copepods were collected aboard the R.V. Pelican with

vertical net tows in the upper 10 m, using a 0.5-m

diameter net with 183 Am mesh and a closed cod end.

Water for the bottle experiments was collected fromCTD

casts immediately prior to the net tow. Upon retrieval of

the net, the cod end was diluted in 20 l of surface

seawater. Actively swimming, undamaged copepods

with full guts, were picked out and rinsed with 0.2 Am
filtered seawater before being placed into acid washed,

glass jars that were blackened with electrical tape. The

dominant copepods used in the experiments were Acar-

tia tonsa, Labidocera sp. and Temora turbinata.

The aim of the excretion experiments was to deter-

mine if copepods release FDOM and what type of

FDOM accumulates. Five copepods were placed into

each 0.5 l treatment bottle. Treatment and control bot-

tles were filled with 0.2 Am filtered seawater and

incubated in running seawater in a darkened incubator

on deck, water temperature ranged from 20 to 23 8C.
Bottles were wrapped with electrical tape to prevent

photooxidation of the DOM. A set of treatment and

control bottles were sampled at 0 and 6 h. Experiments

were conducted within the Mississippi River Plume and

outside of the plume in order to vary the amount of

background terrestrial CDOM to help determine the

relative importance of copepod derived FDOM to

water color. Samples were taken for DOM fluorescence

along with bacterial abundance.

2.2. O. dioica FDOM excretion experiments

Laboratory experiments were conducted with cul-

tured larvaceans, O. dioica, at the University of Oviedo
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in northern Spain. Excretion experiments were con-

ducted to examine O. dioica inputs to FDOM. Large

(average trunk length=713 Am) and medium (average

trunk length=350 Am) sized O. dioica were precon-

ditioned for 4 h in 0.2 Am photooxidized seawater

with added Tetraselmis suecica or Chlorella sp. at a

cell concentration of 100 Ag C l�1. The animals were

then rinsed twice by transferring the oikopleurids

within their house using a calibrated wide bore pi-

pette into two, sequential beakers filled with 0.2-Am
filtered seawater. Fifty large or eighty medium-sized

O. dioica were added to 3100 ml acid washed, amber

glass bottles. The treatment and control bottles were

filled with the 0.2 Am filtered seawater and an equal

volume (10 ml) of the final rinse water. The bottles

were rotated on a plankton wheel, in the dark for 1

h at 15 8C in a temperature-controlled room. At the

end of 1 h, the larvaceans were still in their houses

and pumping water, indicating the filtered seawater

had not unduly stressed them. Samples for DOM

fluorescence were taken along with samples for bac-

terial abundance.

In one larvacean excretion experiment, samples

were taken to examine the molecular weight distribu-

tion of the dissolved fraction. The 0.2-Am filtered

water was fractionated into b30 and b5 kDa using

acid cleaned, Centricon Plus 20 tubes. Milli-Q water

was used as a blank and the fluorescence in the blank

was subtracted from the samples to correct for any

addition due to the tubes. A total of 15 ml of sample

water was spun for 15 min at 4000�g at 15 8C on a

Jouan MR1812 Centrifuge with a fixed rotor. The

retention efficiency (RE) of the tubes was determined

by using fluorescent stained dextrans from molecular

probes with reported molecular weights of 5 and 30

kDa. The RE of the 30 kDa tubes was 97% and for

the 5 kDa tubes RE was 88%.
Table 1

Bacterial abundance (�102 cells ml�1FS.E.) in the copepod and larvacean

Experiment

Copepod experiment: within the Mississippi River Plume, 5 animals/jar

Copepod experiment: outside of the Mississippi River Plume, 5 animals/jar

O. dioica: large (Chlorella sp.), 50 animals/jar

O. dioica: large (Tetraselmis suecica), 50 animals/jar

O. dioica: medium (Tetraselmis suecica), 80 animals/jar

* Significantly different from initial concentrations (t-test, p b0.01).
2.3. Water analysis

Samples for DOM fluorescence were collected by

filtering 70–200 ml of water through a 0.2 Am Nucleo-

pore filter. The filtrate was stored frozen in amber vials

for analysis in the laboratory. Excitation/emission ma-

trices (EEMs) were measured on a SPEX Fluoromax-3

(Urban-Rich et al., 2004). Briefly, excitation scans from

250 to 550 nm at 5 nm intervals and emission scans

from 265 to 710 nm at 2 nm intervals and 2 s integra-

tion created 61 individual, excitation/emission scans.

Slit widths were 5.0 nm for excitation and 2.0 nm for

emission. The instrument was corrected as per the

manufacturer’s instructions. Data was normalized to

the water Raman Peak at ex/em=275/303 nm and

converted into normalized quinine sulfate units (QSU)

using a correction curve generated with a quinine sul-

fate standard in 0.05 M sulfuric acid (Coble et al., 1993;

Hoge et al., 1993). The EEMs were corrected for

Raman and Rayleigh scatter peaks with MATLAB,

using an algorithm that was developed by Zepp et al.

(2004), to excise the scatter peaks and replace them

with values developed using a three dimensional inter-

polation. The net input of FDOM was calculated for

each experiment by:

Net input ¼ TreatmentEEM � InitialEEMð Þ

� ControlEEM � InitialEEMð Þ:

Five to twenty five milliliters of water from each

sample and control bottle before and after the incuba-

tion were preserved with 0.1% glutaraldehyde for bac-

teria counts (Table 1). The water was gently filtered

onto a black Poretics 0.2 Am membrane filter and

stained with acridine orange (Hobbie et al., 1977).

Slides were frozen until they were counted in the

laboratory with epifluorescent microscopy.
excretion experiments

Initial Treatment Control

6.4F1.8 7.2F1.2 7.1F0.5

n =2 n =3 n =2

2.3F0.3 3.0F0.3 2.9F0.2

n =2 n =3 n =2

16.1F5.1 11.1F4.0 18.3F2.2

n =3 n =3 n =3

12.3F2.1 6.0F1.3* 17.4F2.5

n =3 n =3 n =3

13.6F1.7 4.2F2.0* 21.1F7.1

n =3 n =3 n =3
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3. Results

3.1. Fluorescence characteristics of copepod excreted

DOM

Excretion experiments were conducted both within

and outside of the Mississippi River Plume in April

2001. When the copepods were transferred into the

treatment bottles or when rinse water was added to

the control bottles, bacteria were unavoidably added

as well. However, in both excretion experiments there

were no significant changes in the bacterial numbers in

the treatment or control bottles in the 12 h incubation

( p =0.74) thus the changes in DOM fluorescence are

believed to be due to the copepods not to bacterial

activity (Table 1).
Fig. 1. Net input of FDOM during copepod excretion experiments in

the Gulf of Mexico in April 2001. Fluorescence converted to normal-

ized quinine sulfate units. (A) Net input results from experiment

conducted within the Mississippi River Plume. (B) Net input results

from experiment conducted outside of the Mississippi River Plume. M

points to the humic-like material (ex/em 295/405 nm), B points to the

fluorescent protein-like material (ex/em 275–280/315 nm).
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Fig. 2. Fluorescent excitation/emission matrices from the copepod

excretion experiment within the Mississippi River Plume in the Gulf

of Mexico in April 2001, fluorescence in NQSU. (A) Initial 0.2 Am
filtered seawater. (B) Treatment water after 6 h incubation. (C)

Control water after 6 h incubation. The solid lines show the location

of the excitation/emission maximum. There was a shift in the excita-

tion/emission maximum of the humic-like material to lower wave-

lengths in the treatment samples compared to the initial and control

bottles.
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Excitation/emission matrices (EEMs) can give

information on the source and general types of

FDOM present. EEMs from the excretion experiments

showed a net input of both fluorescent protein-like (ex/

em 275/320 nm) and humic-like materials (ex/em 295/

420 nm; Fig. 1). The net input reflects the increase in

material in the treatment bottles relative to the initial

and control bottles. However it does not necessarily

equal the total amount of fluorescent CDOM released

by the copepods, rather it reflects the interactions be-

tween input and turnover. The net input of humic-like

material in both excretion experiments had an excita-

tion maximum from 290 to 305 nm, this excitation is at

or below the lower end of the excitation range for the

marine humic-like material found in Peak M (excitation

maximum 320 nm, Coble, 1996). The net input of this

humic-like material by the copepods resulted in a blue
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Fig. 3. Net inputs of humic-like material (M ex/em 295/410 nm) and

protein-like material (T ex/em 275/340 nm) in the O. dioica excretion

experiments. O. dioica had fed on T. suecica prior to the start of the

experiment. Fluorescence reported in NQSU. (A) 50 large (700 Am)

oikopleurids were incubated for 1 h. (B) 80 medium (350 Am) sized

animals were incubated for 1 h.

Fig. 4. Net inputs for three molecular weight size fractions of water

collected from O. dioica excretion experiment. Water less than 0.2 Am
was size fractioned using Centricon Plus 20C molecular weight

centrifuge tubes. All samples were corrected with Milli-Q blanks

processed through the tubes. (A) N30 kDa fraction, there was a net

loss of fluorescent protein-like material (B) within this size fraction.

(B) 5–30 kDa fraction, there was a net loss of protein-like fluorescent

material (B) but a net input of humic-like material. Insert shows the

net input of fluorescent humic-like material (ex/em 280/390 nm and

330/380 nm). The scale on the insert graph goes to 0.5 NQSU. The

arrows show where the insert connects to the larger figure. (C) b5

kDa fraction, there was a net input of protein-like fluorescence (B).
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shift in the shape and excitation/emission maximum of

the Peak M, humic-like material in the treatment bottles

compared to initial and control bottles (Fig. 2). The net

input of humic-like material in the treatment bottles

resulted in an increase of marine (Peak M)/terrestrial

(Peak C) fluorescent humic material of 48% outside of

the plume and 16% within the plume.

3.2. Fluorescence characteristics of O. dioica excreted

DOM

Excretion experiments conducted with the pelagic

larvacean, O. dioica revealed that these animals are a

source of FDOM (Fig. 3). The fluorescence to absorp-

tion ratio at 355 nm (ex/em 355/450nm: 355nm) in-

creased in the treatment bottles by 14% and 86% in the

medium (trunk length of 350 Am) and large (trunk

length of 713 Am) O. dioica experiments. These results

indicate that the oikopleura were excreting FDOM

material.

The net input of FDOM appears to be primarily

humic-like material with an excitation/emission maxi-

mum of 290/400–420 nm. This material is released by

both medium and large oikopleurids (Fig. 3). There is a

small net input of fluorescent protein-like material. Diet

appears to affect the amount and type of FDOM ex-

creted by the larvaceans. When the animals had guts

filled with the prasinophyte, T. suecica, they excreted

fluorescent humic-like material (Fig. 3) however when

they had guts filled with the chlorophyte, Chlorella sp.,

only a small amount of colored material (ex/em 275/

390 nm) accumulated in the bottles and there was a net

loss of fluorescent protein-like material. Bacterial

numbers during the excretion experiments decreased

in the treatment bottles compared to the initial and

control bottles (Table 1); indicating that the oikopleur-

ids were feeding on the bacteria and thus the net inputs

are believed to reflect excreted FDOM from O. dioica.

An examination of the molecular weight distribution

of the FDOM revealed a net input of protein-like ma-

terial (ex/em 275/320 nm) in the b5 kDa fraction and a

net input of humic-like material in the 5–30 kDa frac-

tion and a net loss of all colored material, especially

protein in the N30 kDa fraction (Fig. 4).

4. Discussion

4.1. Copepods and larvaceans as a source of FDOM

Very little is known about in situ, biological sources

of CDOM and FDOM. Both phytoplankton and bac-

teria have been proposed as possible sources of
CDOM. However many studies have failed to find

strong correlations between CDOM and chlorophyll a

(DeGrandpre et al., 1996; Hoge et al., 1998; Rochelle-

Newall et al., 1999; Rochelle-Newall and Fisher,

2002a) suggesting that phytoplankton are not a direct

source of CDOM. In a recent laboratory experiment

with phytoplankton cultures, Rochelle-Newall and

Fisher (2002b) found little evidence for the production

of CDOM by phytoplankton. Instead they suggested

that bacteria converted the non-colored dissolved ma-

terial released by the phytoplankton into CDOM. Pre-

vious studies have also suggested that bacteria may be a

source of CDOM (Hayase et al., 1988; Hayase and

Shinozuka, 1995; Tranvik, 1993; Nelson et al., 1998).

Other in situ biological sources of CDOM and FDOM

could be zooplankton, viruses, flagellates, or sea-

grasses. Recent work by Steinberg et al. (2004) in the

Sargasso Sea shows that zooplankton, protozoa, poly-

chaete worms and cyanobacteria can be sources of

CDOM. Results from these studies indicate that cope-

pods and the pelagic larvacean, O. dioica are also

sources of FDOM (Figs. 1 and 3).

The connections between zooplankton and dissolved

organic material are just beginning to be unraveled.

Recent studies with grazing copepods have found that

14–37% of the ingested carbon could be lost to DOC

prior to ingestion (Strom et al., 1997) and 50% of fecal

pellet carbon can be lost to DOC (Urban-Rich, 1999)

suggesting these animals can play a vital role in the DOC

cycle. In addition, Steinberg et al. (2000, 2002) found

vertically migrating zooplankton can contribute 0–39%

of carbon flux in the North Atlantic at the Bermuda

Atlantic Time-series Study station through excretion of

DOC. Thus copepods have the potential to influence

microbial activity through the input of DOC, the flux of

carbon through the active production of DOM by mi-

gratory zooplankton and the passive sinking of POC and

DOM in fecal pellets, and the optical characteristics of

the water through the release of CDOM. In contrast to

copepods, little is known about the excretion of organic

material by larvaceans. Previous work has found that O.

dioica is capable of filtering and ingesting submicron

particles down to 0.2 Am (Flood et al., 1992; Bedo et al.,

1993). These are the first results indicating thatO. dioica

is a source of DOM. Results from this study indicate that

fluorescent protein-like and humic-like material is ex-

creted by copepods and O. dioica.

4.2. Consequences of zooplankton excretion of FDOM

Dissolved organic carbon (DOC) in the ocean is

the largest reservoir of aquatic organic carbon and thus
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Fig. 5. Excitation/emission matrices of the N30 kDa fraction collected

from an O. dioica excretion experiment. There was a net loss of

humic-like material in this fraction due to the large input in the

controls, however there was an input of humic-like material in the

treatment bottles that had a lower wavelength emission maximum. (A)

Treatment bottles, emission maximum 420 nm. (B) Control bottles,

emission maximum 440 nm.
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plays a critical role in the global carbon budget.

CDOM and FDOM is a significant and variable frac-

tion of the DOC that has the unique properties of

influencing the optical characteristics of the water

column and the chemical speciation and transport of

trace metals through complexation reactions (Blough

and Del Vecchio, 2002; Nelson and Seigel, 2002).

Thus the finding that zooplankton are a direct source

of FDOM means these animals can potentially influ-

ence carbon cycling, optical characteristics of the

water column and the transport and fate of trace

metals. Recent work conducted in the Sargasso Sea

has found that vertically migrating zooplankton also

excrete CDOM, thus zooplankton also have the poten-

tial to enhance the vertical flux of CDOM (Steinberg

et al., 2004).

Copepods can contribute to DOM through several

avenues, sloppy feeding, excretion and fecal pellet

dissolution. Results from these studies show that cope-

pods excrete FDOM. More work is needed to determine

the turnover and potential ecological role of copepod

and larvacean produced FDOM. However, it is clear

that zooplankton are a source of CDOM and FDOM

(Figs. 1–5, Steinberg et al., 2004). Zooplankton can

influence the chemical composition of CDOM pools

by producing material that changes the fluorescent

properties of the water (Figs. 1–5).

Excitation/emission matrices have been used to

differentiate the source of DOM and to trace water

masses (Del Castillo et al., 1999, 2000; McKnight et

al., 2001). Fluorescence is a useful tool as it is more

sensitive than absorption and can be used to measure

inputs from various sources (Chen and Bada, 1992,

1994). Net inputs of FDOM were observed in both the

copepod and larvacean excretion experiments. The

finding in the O. dioica experiment that the excreted

fluorescent compounds were of low to mid molecular

weight (b5 or 5–30 kDa) agrees with previous find-

ings that have characterized marine fulvic and humic

acids as being primarily of low molecular weight

(Nissenbaum and Kaplan, 1972; Malcolm, 1990;

Hedges, 1992). Nothing is currently known about

the chemical composition, molecular size or aromatic

content of the copepod produced FDOM, however the

similarity of the excitation/emission maximum for the

humic-like material in the copepod and larvacean

experiments suggests they are of similar aromatic

content.

Marine fluorescent material and microbial derived

humic-like material generally have a lower excitation/

emission maximum (Peak M) in comparison to terres-

trial derived material (Peak C; Coble et al., 1990,
1998). The interesting finding in these excretion experi-

ments was the humic-like material that accumulated in

both the copepod and larvacean experiments had exci-

tation/emission maximums (290–305/390–430 nm) at

the lower range of reported Peak M material (Zepp et

al., 2004; Coble, 1996) similar to that found during

grazing studies with copepods (Urban-Rich et al.,

2004). The shift to lower wavelength humic-like mate-

rial may reflect a unique zooplankton signal. This is

most clearly seen in the O. dioica excretion experiment

with molecular weight analysis. In the N30 kDa frac-

tion, the control bottles had an increase in humic-like

material relative to the initial bottle with an excitation/

emission maximum of 315/420 nm while the treatment



Table 2

Percent composition of the marine humic-like (Peak M) material that is due to excreting zooplankton

Experiment Initial, meanFS.E. Treatment, meanFS.E. Control, meanFS.E.

Copepod experiment: within the Mississippi River Plume, 5 animals/jar 18F2 27F2* 16F1

n =2 n =3 n =2

Copepod experiment: outside of the Mississippi River Plume, 5 animals/jar 19F1 28F3* 19F2

n =2 n =3 n =2

O. dioica: large (Chlorella sp.), 50 animals/jar 20F2 26F2 21F2

n =3 n =3 n =3

O. dioica: large (Tetraselmis suecica), 50 animals/jar 19F2 38F3* 20F2

n =3 n =3 n =3

O. dioica: medium (Tetraselmis suecica), 80 animals/jar 20F3 49F4* 21F2

n =3 n =3 n =3

This was determined using a ratio of the zooplankton excreted humics (ex/em 290–300/420 nm) to bacterial produced or background marine humics

(ex/em 315–320/420 nm). %Comp=Zoop290–300/420 /Bact315–320/420*100.

* Significant changes from initial and control water ( p b0.001).
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bottles had an increase of humic-like material relative to

the initial bottles with an excitation/emission maximum

of 300/400 nm (Fig. 5). While there was no net input of

humics in this molecular size class, the shape and

maximum of the Peak M humic-like material was dif-

ferent between the treatments and controls. The control

bottles had an increase in bacterial numbers throughout

the incubation, suggesting they may have been the

source of the humic-like material in the control bottles

while the bacterial numbers decreased in the treatment

bottles, presumably due to grazing by O. dioica.

Calculating a ratio of bacterial-derived marine

humics (ex/em 315–320/420 nm): zooplankton-derived

marine humics (ex/em 290–300/420 nm) for every

excretion experiment gave an average value of 0.80

for the controls while the treatment bottles ranged

from 0.51 to 0.84 (Table 2), thus zooplankton contrib-

uted 16–49% of the humic-like material in the Peak M

region. In every experiment, except the O. dioica fed

Chlorella sp., the treatment bottles had significantly

more zooplankton-derived humics present (Table 2). It

may be possible to use this relationship to determine the

relative importance of zooplankton and bacteria as

sources of marine humics.

In summary, zooplankton can influence the optical

characteristics of coastal waters through the material

they excrete. The type of humic-like material that is

excreted and that accumulates is blue-shifted compared

to the traditional Peak M excitation/emission maximum

and to the humic-like material in the control bottles.

Zooplankton can affect the type of ultraviolet radiation

absorbed in the water. On average it appears that zoo-

plankton derived marine fluorescent humic-like materi-

al comprises 20% of the Peak M pool, however it could

contribute up to 50% in treatment bottles which sug-

gests that in patches or during high zooplankton abun-
dance, zooplankton could be a dominant source of

marine humic-like material.
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