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Preliminary study of microzooplankton herbivory in Hong Kong in

summer
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Abstract: Two typical stations, the Port Shelter (station A) and Urmston Rcad (station B) in Hong Kong,
were chosen as sites for phytoplankton growth and microzooplankton herbivory studies which were
completed using a semi- in situ dilution experiment in August 2000. PFW (particle-free water) was used to
dilute sea water to five target dilutions of 0%, 20%, 40%, 60% and 80%. The microzooplankton grazing
rate and phytoplankton growth rate were estimated by the linear regression of AGR (apparent growth
rate) versus ADF (actual dilution factor). The grazing impact on phytoplankton by microzooplankton was

estimated by calculating phytoplankton net growth rate, percentage of phytoplankton standing stock
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ingested, percentage of prey potential production ingested. and ingestion rate of phytoplankton carbon.
The phytoplankton carbon was estimated by converting the cell biovolume to carbon using assumed carbon
conversion factors.

At stations A and B, diatoms were dominant in the phytoplankton community, but when the species
richness and cell abundance were completed. dinoflagellates were more important in stations A than B.
The dominant phytoplankton species were Chaetoceros curvisetus, Thalassionema frauenfeldii, and
Chaetoceros lorenzianus at station A, and Lauderia annulata, Thalassionema frauenfeldii , and Ditylum sol
at station B. The phytoplankton assemblage at station A was characteristic of coastal warm water species ,
while brackish water species could be found in the phytoplankton assemblage at station B. The light
conditions were good but the nutrient conditions (ammonium, phosphate. nitrate plus nitrite, and silicate
were 0. 30, 0.23, 0.56, 0.69 pm respectively) were poor at station A. In contrast, light conditions were
poor and nutrient conditions (ammonium, phosphate, nitrate plus nitrite, and silicate were 3.42, 1. 06,
49.57, 46.15 pM respectively) were good at station B. The <C 5 pm fraction of phytoplankton in station A
(24.3%) was less than station B (40. 9% ). This indicated that, according to cell size, the phytoplankter
at station B was more easily preyed upon than that of station A. Heterotrophic dinoflagellates were the
major component of microzooplankton at station A, and tintinnids were also commonly present in the
microzooplankton sample. At station B, however, tintinnids were a major component of microzooplankton
and few copepod nauplii were found. Microzooplankton abundances were 770 and 620 ind. /L at stations A
and B respectively. The carbon: chlorophyll a ratios were 27.15 and 88.66 at stations A and B
respectively. The dilution experiment results showed that phytoplankton instantaneous growth rates were
1. 04 and 0. 98 d "' at stations A and B respectively. The net growth rate was 0. 33 d ' at station A, which
was greater than that of —0.58 d 'at station B. The microzooplankton grazing rates were 0. 71 and 1. 56
d™', percentages of phytoplankton standing crop ingested by microzooplankton were 143.7% and
209. 7% . percentages of phytoplankton potential production ingested by microzooplankton were 78.6%
and 126. 6% » microzooplankton ingestion rates of phytoplankton carbon were 351 and 552 pugC/(L + d) at
stations A and B respectively. This demonstrated that the phytoplankton growth rate at station A was
greater than at station B, and microzooplankton grazing pressure was less than that of station B. We can
also deduce that the grazing pressure of tintinnids was higher than that of heterotrophic dinoflagellates. In
spite of the good nutrient conditions at station B, high microzooplankton grazing pressure plus low light
condition made the standing crop of phytoplankton at station B (chlorophyll a concentration is 9. 00pg/L)
lower than at station A (chlorophyll a concentration is 2.97pg/L). Compared with the other regions
around the world, the microzooplankton grazing pressure in Hong Kong waters was in the middle of the
range of measurements elsewhere.

The results of the long-time controlled dilution experiments (3 days) under dark conditions showed
that further dilution experiments should be carried out under light conditions and finished within one day.
Although the nutrient concentrations were high at station B, it was necessary to add nutrients when the
dilution method studies were undertaken at this station.

Key words : microzooplankton; grazing pressure; phytoplankton; dilution experiment; Hong Kong
:1000-0933(2003)04-0712-13 :Q958. 885. 35 Q948. 1 A
s s N 3 s 200

[1, 2]

[3~5]



23

714
(microbial loop) .
L6~8] s 20
[9~27] , [28. 29]
1
1.1
s . A
o B b - b
, N N o , 2000 8 23 30 A B

114.5° E 1150°

1 ( sA ;B )

Fig.1 Sampling stations (dashed line is the boundary of the Hong Kong territorial water; HK.

Island; NT. New Territories; A. the Port Shelter; B. Urmston Rcad)

Hong Kong; Is.

1.2
YSI®6600 N . a .pH ,
0. 25m, B (QSL-101) o
5L 2 m o 10 L . 400 ml
a (>5 < 5 pm), 5 pm (Poretics™®)
Whatman® GF/F (25 mm), 1% ( )
500ml Lol Whatman® GF/F
Swinnex® 60 ml 30ml Nalgene . 10% .
. 2 . s

200pm 25 L o



715
1.3
(s1. 32] N 0.2pm  Gelman
(PFW, particle-free water), s
4L . :096.2090.40%.60%  80%,
3 0% . s
o 28C,
35% . 3d,
14:00  Turner Designs® (Model 10) ) a,
1.4
Turner Designs® (Model 10) . s
a rod a . 10 ml 90% .
10 min, 24 h, Turner Designs® model 10 30
a o
Zeiss Axiovert 35 [l 500ml
7d, s 25ml Utermohl 24h, X400
N o 200 ( s
) B 5 pm s
S5pm ( o s
, 5 pm o
Skalar® San Plus . ( ) Wood BV
Slawyk &. MaclIsaact® . Hager ") Armstrong 57 .
1.5
Ls1.52] (AGR, apparent growth rate) (
a B t s P<<0.05
) (ADF, actual dilution factor) . (g, grazing
rate) (u, instantaneous growth rate) AGR  ADF .
) (s d7H),
(g, d™H, (NGR, net growth rate, d7').
(%P, percentage of phytoplankton standing crop ingested) .
(%P, percentage of phytoplankton potential production ingested) .,

ingestion rate of phytoplankton carbon, pgC/(L «d))

’

NGR = p— g

Ce" —C,) — (Ce ¢ —0C,
vp, = )c(€ ) % 100
L (et — () — (Gt — O
U I y = Co —C, X 100
I. = Cpe" — Cpe"*
,C, (pgC/L), (Ce"—C,) , (Coe ¢—C,)
1.6 / a (C:Chl-a)

[38]



2

( )

B

) N

. .pH

716 23
. Eppley % .
) / .
2
2.1
2, A s
s o 22.4~30.4C, 25.5C, 3. 4m 30C
s 10m 23.4C, o 29.4~33.6, 32.3,
3. 4m 30 , 10m 33.4, o
3. 4m ,
. pH 8.07~8.70, 8. 28, s
3. 4m 8. 60 10m 8. 10, o
N CO, s
pH o s a 9. 00
4.26 pg/L. B , s s
o 26.4~28.4C, 27.6C, s o
25.2~29.2, 26.8, 2. 3m 26 , 29. 2,
A, s s
. pH 8. 83~8. 88, 8. 85, o
, a R 2.97  2.42 pg/L,
s . SA s
“pH .
Tmpu‘l:m(t' ) sﬁ-ﬁy Tarbidity(mg/L) pl:am mwmmm:)
(2025 30 3520 25 30 350 10 20 307075808590 0 2 4 & 810
= sl ! ! i
E ol | _ _
5 15} i !
B 20t L 5
g g——rm — T —
-3 ] ‘ ' '

Fig. 2 Vertical profile of temperature, salinity, turbidity, pH and chlorophyll fluorescence at station A (the Port

Shelter) and B (Urmston Rcad)

2.2

B

1%

3)9



717

4
34
s 10
[40]
(Dictyocha fibula) , A
(Chaetoceros curvisetus) .

ma frauenfeldii )
lorenzianus) .
45

s, 37
(Leptocylindrus minimus )
granulata)

(Tychopelagic)
auriata)
. 7 .

(Microcystis aeruginosa) »

o
annulata)

44.2X10%ind. /L,

, B
A
phic dinoflagellates) s
(Polykrikos schwartzii)
[41] s
(auxotrophy)
s (Favella spp. )
770 ind. /L, B
spp. ) »
2.3 /
A
a 27.15
20~80 s
B o
2.4

(o]

(Thalassione-

( Chaetoceros

102. 3X10%ind. /L. B

(Melosira

(Odentella

(Lauderia

(Ditylum sol)

s A

(Heterotro-

s

(Gyrodinium spirale) .

(Katodinium glaucum) ,

’

1
Table 1  The nutrient concentrations at the studying
stations
L. NH, PO, NO;3;+NO;, SiO,
Station
(M) (M) (M) (M)
A 0. 30 0.23 0.56 0. 69
B 3.42 1. 06 49.57 46. 15
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Table 2 The phytoplankton species founded at the studying stations
A B A B
Taxa Station A Station B Taxa Station A Station B

(Bacillariophyceae ) Pseudo-nitzschia seriata + +
Actinocyclus undulata + Rhizosolenia clacar-avis +
Amphiprora alata + Rhizosolenia fragilissima + +
Bacteriastrum varians + Rhizosolenia gracillima —+ —+
Chaetoceros affinis + —+ Rhizosolenia hebetata + +
Chaetoceros curvisetus + + Rhizosolenia robusta +
Chaetoceros danicus =+ Rhizosolenia stolterfothii =+ +
Chaetoceros divisus + Rhizosolenia styliformis =+
Chaetoceros eibenii + Skeletonema costatum +
Chaetoceros lorenzianus + + Streptotheca tamesis +
Coscinodiscus asteromphalus + + Thalassionema nitzschioides + +
Coscinodiscus divisus + Thalassiosira pacifica +
Coscinodiscus granii -+ Thalassionema frauenfeldii + +
Coscinodiscus lineatus + + (Cyanophyceae)
Cyclotella stelligera + Microcystis aeruginosa +
Cylindrotheca closterium + + (Dinophyceae)
Ditylum sol + Ceratium furca -+ +
Eucampia zodiacus + Ceratium fusus + =+
Guinardia flaccida —+ -+ Ceratium macroceros —+
Lauderia annulata + Diplopsalopsis orbilaria var. ovata +
Leptocylindrus danicus + Gyrodinium spirale +
Leptocylindrus minimus + + Prorocentrum micans + +
Melosira granulata + Prorocentrum sigmoides + +
Nitzschia lorenzianus + Protoperidinium bipes +
Odontella auriata + Protoperidinium depressum +
Odontella mobiliensis + Protoperidinium oceanicum +
Odontella regia + Pyrophacus steinii + +
Pleurosigma affinis + Scrippsiella trochoidea +
Pseudo-nitzschia delicatissima + + (Chyrsophyceae)
Pseudo-nitzschia pungens + + Dictyocha fibula +

+ -+ means presented

3

a

*

Table 3 The phytoplankton growth rate and microzooplankton grazing pressure estimated by chlorophyll a concentration

at the studying stations ”

> N
Station Depth (m) (;;;/OL) (/zgiiu/L) r p A7 gD NGR W™D AP APy (pg(l/(li, «d))
A 2 9.0007 244.3690 0.2238 0.3205 0.6391 —0.3186 65.06501 172.2133 158. 9987
B 2 2.97 263.3202 0.0565 0.3782 0.4881 —0.1099 56.37311 122.6423 148. 4418

* P, :C, i ig
;s NGR s %Py s %P,
s 1, P, is the original chlorophyll a concentration; C, is the original carbon content of

phytoplankton; u is instantaneous growth rate of phytoplankton; g is razing rate of microzooplankton; NGR is net growth

rate of phytoplankton; % P, is percentage of phytoplankton standing crop ingested by microzooplankton; %P, is

percentage of phytoplankton potential production ingested by microzooplankton; I, is microzooplankton ingestion rate of

phytoplankton carbon
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Table 4 The phytoplankton growth rate and microzooplankton grazing pressure estimated by in vivo fluorescence at the

Recad)

*

studying stations *
r, C, _ _ , _ 1.
Station Depth (m) Gug/L) (ugC/Ly  © #7D g™ NGRW™H AP APr e/ - )
A 2 1.920 244.3690 0.6027 1.0391 0.7098 0.3293 143. 6677 78.64998 351. 0794
B 2 0.452 263.3202 0.7062 0.9767 1.5583 —0.5816 209.6675 126.6354 552.0968
* 3 Same meaning as in table 3
2.5

: (1)
;(2)

;(3)
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Table 5 Comparison of microzooplankton grazing pressure
(%) on primary productivity determined by dilution method

in world wide

%P, d=H

Region Citation
D 18~77 [45]
5~158 [46]
16~45 [47]
e 55~83 [3]
70~133 (48]
39~115 [14]
37~100 [16]
81~100 [17]
50~88 [15]
a 0~78 [49]
0~60 [19]
® 21~271 [18]
® 67 [50]
4~60 [43]
@ 34~100 [29]
R & 40~100 [51]
® 35~243 [52]
© 30 [53]
@ 64~118 [24]
@ 73~136 [25]
44~722 [54]
@ 10~114 [11]
3 37~88 [11]
® 17~52 [31]
7 20~194 [55]
® 85~319 [28]
. 79 This study
@ 127
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Fig. 6 Regression analyses of dilution experiments of

apparent growth rate determined by measurement of in
vivo fluorescence and fraction of whole water under

darkness (A. the Port Shelter; B. Urmston Rcad)
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Table 6 The phytoplankton growth rate and micro-
zooplankton grazing pressure

fluorescence under dark at different experimental duration

estimated by in vivo

X . NGR
Station Experimental r? k™" g d™h) -1
duration (d)
1 0.8233 0.6253 0.4927 0.1326
A 2 0.9155 0.4193 0.2643 0.1550
3 0.8744 0.3175 0.1690 0.1485
B 1 0.8700 1.3632 1.4869 —0.1237
2 0.7509 0.6894 0.7588 —0.0694
*k=p — m,m
( R ) m is the rate

of mortality of the phytoplankton assemblage as a

consequence of viral and bacterial lysis or autolysis
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