ABSTRACT

We investigated the dynamics of attached and free-living bacterial abundance
over a period of 18 months in tropical coastal waters of Malaysia. We measured at both
oligotrophic coastal water (Port Dickson) and eutrophic estuary (Klang), and
hypothesized that attached bacteria are predominant in eutrophic waters. We also
addressed whether attached and free-living bacteria differ phylogenetically. We found
that bacterial abundance was higher at Klang than Port Dickson (Student’s t-test: t =
4.87, df = 19, P < 0.001). Attached bacteria also formed a large fraction of the total
bacteria at Klang (75 + 13%) relative to Port Dickson (56 = 22%), and showed
preference for chlorophyll a based particles rather than total suspended solids. The
bacterial community structure was clearly different between the two stations but was
similar between the attached and free-living bacterial population. Our results showed
the importance of attached bacteria in eutrophic water where they could play a major

role in carbon and nutrient cycling.



ABSTRAK

Kami mengkaji dinamik kelimpahan bakteria yang berkoloni di zarah-zarah dan
hidup bebas selama 18 bulan di pantai tropika Malaysia. Kami mengukur di pantai
oligotrofik (Port Dickson) dan muara eutrofik (Klang) dan mengadakan hipotesis
bahawa bakteria berkoloni di zarah-zarah adalah predominan di air eutrofik. Kami juga
menunjukkan sama ada bakteria yang berkoloni di zarah-zarah dan hidup bebas berbeza
secara filogenetik. Kami mendapati kelimpahan bakteria adalah lebih tinggi di Klang
daripada Port Dickson (Student’s t-test: t = 4.87, df = 19, P < 0.001). Bakteria yang
berkelompok di zarah-zarah juga membentuk satu pecahan yang besar dari jumlah
bakteria di Klang (75 + 13%) relatif dengan Port Dickson (56 = 22%), dan
menunjukkan keutamaan pada zarah-zarah berasaskan klorofil a daripada jumlah
pepejal terampai. Struktur komuniti bakteria adalah berbeza di antara kedua-dua stesen
tetapi adalah serupa di antara populasi bakteria berkoloni di zarah-zarah dan hidup
bebas. Keputusan kami menunjukkkan bakteria berkoloni di zarah-zarah amat penting
di air eutrofik di mana mereka memainkan peranan utama dalam kitaran karbon dan

nutrisi.
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Marine microbial interactions in the upper ocean.
Schematic representation of the ocean food web. On the
left is the classic pathway of carbon and energy flow
through photosynthetic Eukarya, to herbivores and on to
higher trophic levels. Depicted on the right is the
microbial food web, which uses energy stored in the non-
living, detrital carbon pool to produce microbial biomass
that can re-enter the classic pathway of carbon and energy
flow. Cell-associated ectoenzymes (Ecto) enable bacteria
to use high-molecular-weight (HMW) DOC in addition to
the more traditional low-molecular-weight (LMW) and
gaseous carbon substances. Also shown in the microbial
food web are viral particles and Archaea. At the present
time, there is only rudimentary knowledge of the role of
Archaea in the oceanic food web. Shown at the bottom of
this diagram is the downward flux of particulate carbon
(and energy), which is now thought to fuel most
subeuphotic zone processes. The classic algae-herbivore
grazer pathway (left side) is most important in this regard.
Adapted from Karl, D. M., 1994. Figure and legend from
DelLong & Karl, 2005.

Scanning electron microscopy of particle-attached (a) and
free-living (b) bacterial populations in surface sea water
of Victoria Harbor. Some bacterial cells are indicated by
arrows. Figure from Zhang et al. 2007.

Map showing the location of the sampling stations; Klang
(03°00.1°N, 101°23.4°E) and Port Dickson (02°29.5°N,
101°50.3’E).

Temporal variation of Chl a at Klang and Port Dickson.

Temporal variation of attached and free-living bacterial
abundance at Klang and Port Dickson. Measurements
were replicated from March 2010 onwards, and error bars
(x SD) are shown except when values are smaller than the
symbol.
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Box-and-whisker plots showing the range and the median
of live bacteria (%) measured in the different fractions.
Outliers are also shown as open circles.

16S rRNA PCR-DGGE profile of total (T), attached (A)
and free-living (F) bacteria at Klang (PK) and Port
Dickson (PD) from October 2009 to June 2010. Lanes M
indicate marker whereas the numbers 1-19 indicate the
excised bands from which sequences were determined.

Cluster analysis of the 16S rRNA PCR-DGGE profile
from the total bacterial community at both stations using
the Morisita’s index of similarity.
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shown.
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