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Unit 1 About Aquaculture

Aquaculture is the cultivaﬁon of fish, shellfish or aquatic plants (such as
seaweed) in natural or controlled marine or freshwater environments. Even
though aquaculture began eons ago with the ancient Greeks, it wasn’t until the
1980s that the practice finally began to expand rapidly, in part in response to
overfishing and the deterioration of the world's fisheries and concerns about the
effects of pollution on seafood. Aquaculture “farms” take on a variety of forms
including huge tanks, freshwater ponds, and shallow-or deep-water marine

environments. Carp, trout, catfish, tilapia, scallops, mussels, lobsters, and

oysters are well-known species raised through aquaculture. Though most
aquaculture supplies the commercial food market, many governmental agencies
engage in it to stock lakes and rivers for sport fishing. It also supplies goldfish
and other decorative fish for home aquariums and bait fish for sport and
commercial fishing.

Among the raising and harvesting of fresh-and salt-water plants and animals,
the most economically important form of aquaculture is fish farming, an industry
that accounts for an ever increasing share of world fisheries production.
Aquaculture provided 20 percent of global fisheries production in 1996, In 2003,
the total world production of fisheries product was 132. 2 million tonnes of which
aquaculture contributed 41.9 million tonnes or about 31% of the total world
production. In 2005, the total production of aquatic animals amounted to 48. 1
million tonnes with a farm-gate value of about US $70 billion. Today,
aquaculture provides nearly half of the world’s food fish. Considering the
projected population growth over the next decades, estimates show that an
additional 37 million tonnes of aquatic food will be needed by 2030 just to
maintain current consumption levels (Harris, 2015). Aquaculture is perceived as
having the greatest potential to meet the growing demand for aquatic food.

Aquaculture is currently the world's fastest growing food producing sector. It
provides a safe and healthful food product for consumers, reduces the deficit in
seafood trade, and creates jc;bs for farmers.

Successful aquaculture takes into consideration the biology of the aquatic

species (feeding, water flow and temperature needs, disease prevention) and



¢« 2. Professional English for Aquaculture

engineering design (water source and water quality study, pond and tank

containment systems, water filtration and aeration) as well as issues pertinent to

any business.
Words and Expressions:

aquaculture [ 'akwokalt[o(r) J(n. ) : rearing aquatic animals or cultivating aquatic
plants for food 7K = FE5H

seaweed [ 'sitwiid ] (n. ): plant growing in the sea, especially marine algae ¥
B, MR

eon [ 'tan|(n. ): an extremely long period of time &84 fATHE, T 7 4E

deterioration [ di,tiria're[n](n. ) ; process of changing to an inferior state ;J&fk, AF
W, Bk

carp [ kap /(n. ) : a kind of fish that lives in lakes and rivers ##iff

trout [ travt |(n. ) : a fairly large fish that lives in rivers and streams # fil§

catfish ['keet fif ] (n. ): a type of fish that have long thin spines around their
mouths #% £

tilapia [ ti'ieepia](n. ) : a freshwater fish of the cichlid family &dEfa, 25k

scallop ['skaelop ] (n.): a kind of large shellfish with two flat fan-shaped
shells f 1

mussel [ 'masl](n.): a kind of shellfish that you can eat from their shells 1§
I, kE

lobster [ 'latbstor](n. ) : a sea creature that has a hard shell, two large claws, and
eight legs JBHF

oyster [ 'oistor J(n. ) : a large flat shellfish. Some oysters can be eaten and others
produce valuable objects called pearls 417, #E

decorative [ 'deksreitiv](adj. ) : to look pretty or attractive &4tk K, FIVEREA

aquarium [o'kweriom](n. ): a glass tank filled with water, in which people keep
fish FEfEL, Kk

perceive [ pa'siiv] (w. ): to understand or think of sb/sth in a particular way
oo IR, Wee B0, AN

deficit [ 'defisit](n. ); the amount by which something is less than what is required or
expected, especially the amount by which the total money received is less than the
total money spent FR, Wiz

containment [ kon'teinmant | (n. ) : the act or process of keeping it under control 34

filtration [ fil'trei/n |(n. ) : the process of filtering a substance 1 Jj&



Unit 1  About Aquaculture * 3

filter [ 'filta(r) J(w. ) : pass it through a device which is designed to remove certain
particles contained in it 3§, &

aeration [ ea'reifn |(n. ): cause air or gas to pass through sth X, #X, B

pertinent [ 'pairtnant ](adj. ) : relevant to a particular subject %M1, T H

Translation:

EF—F KFFESR

K= FRFE AR AE B ARSI T B SR K IR R e . T3R8k
A (AN . REK IR T AN, HEE 20 fh4g 80 A4 I Ih d
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FIAHH REUKA . WAKIE . BOKSBEKBHFERTEEEMILA. W 0EK™ 3R
PNt AR R | Bkt 606, DR, I B, RIRAALEESE . BARUKT IR
S EFOR R R ST IR O i (AR BURUA t 208 B — L3 9A AT 4
MAKRIRES . T35, K7™ FREE R R BE K RAR R S A B fa26, iR
VR 3 %) 0 o L Al £ SR L TR £ 2K
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a, T AR A A B o LB FE A B . 1996 4, JKTESRIE A
B 2Rk RN 2000, 2003 4, HEF L SRR 1. 322 f2m, HkK™
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A Je B EL 2 JRE RS ) — U

HAl, A-FREEMA B RERERES T, EAUSHRERME
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TR IR B FE 4 2 B K A AR o AN . R AR BE . R Tl
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DA B ATART 5 Mk 55 AR 2K 4 T



Unit 2 Water Environment for Aquaculture

Section 1 Introduction

Water quality and quantity vary from place to place, and are affected by
ecological factors such as soil and air quality. On a whole, groundwater is
considered more desirable for aquaculture because it has more consistent water
quality than surface water, and is less likely to be contaminated by pathogens or
fish.

As it may be impractical to regulate large volumes of water in open ponds or
single pass flow-through culture systems, species selection is largely dependent
on the kind of water available. Tropical fish, for instance, are generally sensitive
to poor water quality and therefore require fish farmers to have a higher level of
water quality management skills. Ornamental fish are kept in tanks more than
food fish. In tank conditions where a large number of fish is kept in a small
confined space, the buildup of nitrogenous waste requires additional care and
measures to maintain a healthy stock.

Regardless of the kind of water available or the species chosen, all fish
depend entirely on water to live, eat, grow and perform other bodily functions.
Therefore, it is no surprise that the success of a fish farming establishment lies
greatly on its water quality management programme. The most important
parameters in aquaculture includes temperature, salinity, pH and dissolved

oxygen (Wang and Sun, 2008).
Words and Expressions:

ecological [ itka'lpdzikl [(adj. ) : involved with or concerning ecology A=), 4=
B

ecology [i'koladzi](n. ) : the study of the relationships between plants, animals,
people, and their environment, and the balances between these relationships 4
=, EEBF

desirable [ di'zaiarsbl |(adj. ) : worth having or doing because it is useful, necessary, or
popular {EISHA K, WER, TTHHY

consistent [ kon'sistont |(adj. ): always behaves in the same way —3(f#], &GN
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—H

contaminate [ kan'teemineit | (. ) : make it dirty or harmful FEE, V54, #ME

impractical [ im'praektikl](adj.): not sensible or realistic, and does not work
well in practice ANYJSERRIY, TEHH, ABSLH

tropical [ 'tropikl](adj.): belonging to or typical of the tropics #\HF ), H #HF
FHIERY

ornamental [,0:(r)na'ment(a)1](adj. ) : being attractive and decorative 2 i

confined [kon'faind |(adj. ) : small and enclosed by walls (%5 [E]8{HFL) AR,
b5 2N

establishment [is'teeblifment ](n. ) : a shop, business or organization occupying a
particular building or place 4\, Bk, Pl

parameter [ pa'reemita |(n. ) : factors or limits which affect the way that something

can be done or made Z%{, HIR, L
dissolve [di'zolv](adj. ) : mix with the liquid and disappears ¥ fi# K

Translation:

FTE FHEKIKE

F— 5l

hflg

ARl X K A R R AR A2 R, T EE 2 s R R FAESH
FHIRE . AMTA R T AR R BRAR MK = IR K, B HOK R Rk
R, i HA S Z 2 R a5 5.

X 5 R 3 B ) A 7R R G R K R TR R AT SRR, R IR
W B REAEAR R B IR TR AR OE . 4, A e 3 5 0of 7K BT b 2 ek
BRI E A R KBS EOKF s SRMEAARL, BT H0E 5 IR LKA
B, KRG T R ARAERE AR, &EREHERS
AR R, RGO B AR

T K M B At AR, BT aRE e 2B TKAR . B8], &
KBRS L. Hit, ZAFE, KPRl I ER KR E B
T KBEHETR. K- RET REZKKASHEEKR. $HE. BB
.
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Section 2 Temperature

Aquatic animals take on the temperature of their environment and are
intolerant of rapid temperature fluctuations. This makes water an ideal living
habitat for them, because water is a bad conductor of heat, allowing large amount
of heat energy to be absorbed without a corresponding temperature change.

The temperature of the water influences profoundly the lives of all aquatic
animals. Many animals reproduce or feed only within certain temperature limits,
which may be narrow or broad according to the species (Santiago, 1981).
Temperature tolerances of fish are broadly categorized into cold water, cool
water, warm water and tropical water. For each species, there is a minimum and
maximum tolerance limit, as well as an optimal temperature range for growth.
This optimal temperature range, also known as the standard environmental
temperature (SET), may vary with each species, even those within the same
temperature tolerance category, and with each development stage of the fish.

Water temperature affects the feeding pattern and growth of fish. Fish
generally experience stress and disease breakout when temperature is chronically
near their maximum tolerance or fluctuates suddenly. It is therefore important to
acclimatize fish gradually when moving them from one location to another.

Warm water holds less dissolved oxygen than cool water. This is a point
worth noting, since every 10°C increase in temperature doubles the rate of

metabolism, chemical reaction and oxygen consumption in general.
Words and Expressions:

fluctuation [ flaktfu'eifn](n. ) : changes a lot in an irregular way 283, ¥z, b
TEsh

profoundly [ pro'faundli](adwv. ) : to a great depth psychologically %/

categorize [ 'kaetogaraiz|(w. ) ; divide them into sets Xif=++e++ PEATrE, e 93

breakout [ 'breikavt ](n. ): suddenly starts or becomes active, usually after developing
quietly for some time B4, Xk

chronically [ 'kranikli](adv. ): in a slowly develobing and long lasting manner 2%
1831, K

acclimatize [ o'klaimataiz](v. ): become used to a new situation, place or climate

) EREAIBRT GHFol. Brdy s <%, Jifk
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Translation:

e R R 3

KA B 7T X BRI BE AR T EL AT AR S R BE B PR B Bl . X
KB EN TR AR, FOKEREA RS, 7T IR SOR & #aE
1T AN |2 A L B 1 E A2 A«

KRS A KA S A B B A E R 2B W . 2P R — 2
i JSE 91 P P BB B A, T 2GR BE T BRI AR AR W b AN TR B T A o 0 1L B i 52
PERBUT B K. WK, BAKFBHK . EATAEYEA RAKT Z R . REiZ
FRBE A B i i BE Y P X fod R B S B AR R AR HERR SR (SET), B
RESBEAYIFRTAE, BIEEX LA YRR Z W E AR, A5, Bl faE
MK E BrBmiAE L.

FK Y e B A A R K R ST T i 3% R R R S AR U
g, MISEN B MHE SR, Fit, AN R S — i
Ty, XHBATEL YR+ EEK,

R KPEBESRIK, X—R—2ZREMR, H KRN
10°C, fmBMRBER, xR AA MRS IN—5.

Section 3  Salinity
Typically, the salt concentration in a fish is about 0.5% higher than its

surrounding water. As a result, there is a constant influx of water into the fish

through osmosis, diluting its body fluid. In order to maintain their salinity level,

fish are constantly excreting a stream of urine. At the same time, they absorb
salt from their surrounding via special cells in their gills. This constant exchange
of mineral and water between the fish and their surrounding is crucial for their
survival.

When fish are stressed, as they are when being shipped around in bags, they
react by leaking bodily minerals into the water. If this condition persists for an
extended period of time, the huge amount of salt lost can be fatal for the fish.
The survival chances of a fish can be significantly increased by adding salt to their
transport water. Since mineral leakage is directly linked to the concentration of

salt between the fish and the water, increasing salinity of the water reduces salt
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leakage and stress build-up for the fish.

Fish that have been imported in salted water need to be gradually
acclimatized back to the salinity of their original habitat, which may be as low as
100 mg/L. Gradual acclimatization should take place over several days via a 30%

daily water change.
Words and Expressions:

influx [ 'in,flaks](n. ) : the process of flowing in JjA, A

osmosis [ pz'movsis | (n. ): the process by which a liquid passes through a thin
piece of solid substance such as the roots of a plant & (EA)

dilute [dai'luit ] (v. ): mixes with water or another liquid, and becomes weaker
() #ke, (D MR

excrete [ik'skriit](v. ): get rid of waste matter in faeces, urine, or sweat FElit

urine [ 'juren |(n. ): the liquid that you get rid of from your body when you go to
the toilet FR, /M&#

gill [gil](n.): the organs on the sides of fish and other water creatures through
which they breathe fiff

leak [lizk |(v. ) : enter or escape as through a hole or crack or fissure &

fatal [ 'feitl]Cadj. ) : with very undesirable effects By, J5 M ™EK, BK
PERY

Translation:

=1 O E

EH, AR EEEKIAER 0.5 A, Bk, Kad@dsEEHR
AW AR, WTIRBHAR . 8 TR RN, AR R, 5
SEIRIES 7 3e A 8 e F) AR SR A AR 855 PP R AR 2 A AT ] S5 AN W 5 4
T YRR TRERAEFEREE.,

HaRZEHE, FIEEITRARTHTEMEET, Eflafit—8
SR, KRN Y RBERIK T . QR AE OLFEE I (8] LB, KR 3R o 46t
KATRER IR ARIET . FEEHKPINAZR AT LA B RE R LR, BT
YR E IR S A ERUKIREE IR0 S R B A, TR oK 44 B2 mT L
i/ AR 4 43451 2 S A o

KB ARTELLBES YL, EHERFAN SRS EHRE, Yk
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BERE AT RE AR E 100 me/L. #iska9YIfbd BB RrEE LK, WilE 4 K EH 30200
K.

_Section 4 pH

The acceptable range for fish culture is usually between pH 6.3 to pH 9.0
(Santiago, 1981). When water is very alkaline (pH>9. 0), ammonium in water
is converted to toxic ammonia, which can kill fish. On the other hand, acidic
water (pH<(5. 0) leeches metals from rocks and sediments. These metals have an
adverse effect on the fishes” metabolism rates and ability to take in water through
their gills, and can be fatal as well.

The correct pH is essential for a successful pond fertility programme, where

fertilizers containing nitrogen, phosphorous and potassium are added to encourage

the growth of phytoplankton. Phytoplankton breaks down waste into harmless
ammonium, and is the food of zooplankton-a microscopic animal which forage fish
like bluegills feed on. Phytoplankton also produces dissolved oxygen during day
photosynthesis and is the most important source of dissolved oxygen in pond

systems.
Words and Expressions:

ammonium [ 2'mouniom | (n. ): the ion NH; which behaves in many respects like
an alkali metal ion &L, & F

convert [ ken'vart (. ) : change into a different form (f#) #4F, Wik, () ¥4

ammonia [ @ mounia ] (7. ): a pungent gas compounded of nitrogen and hydrogen
(NH,) &, &K, &S

leech [li:t/](w. ) : absorb, take in MZI

sediment [ 'sediment |(n. ) : solid material that settles at the bottom of a liquid #JT
W, VUED)

fertility [ for'tiloti ] (n. ): the property of producing abundantly and sustaining
growth B AE

phosphorous [ 'fosfores | (n. ): a poisonous yellowish-white chemical element It glows
slightly and burns when air touches it #§

potassium [ pa'tzesiom ](n. ) : a soft silvery-white chemical element, which occurs
mainly in compounds. These compounds are used in making such things as

glass, soap and fertilizers #f
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phytoplankton [, faitou' plaenkton | (n. ) : photosynthetic or plant constituent of
plankton, mainly unicellular algae FF{FFEY)

microscopic [ maikra' skaipik | (adj. ) : extremely small, and usually can be seen
only through a microscope ¥z/INK), T/NET i}ﬁ(XﬁiE‘J , MK AN

forage [ 'forridz](adj. ) : animal food for browsing or grazing i}

photosynthesis [, fautov' sinfasis | (adj. ) : the way that green plants make their
food using sunlight Y6&4EH

Translation:

$r9 pH

BRI A AR 9 pH JEETE 6.5 2 0.0 Z ). /KRt & (pH>9.0),
KRS AN, EW5RARIET. H—IH, RHK(PEHS. 0%
fE AP PR ERITR, X Lb 6 R TT R X A rF BRI . K68 K
WACRE AR AR, BB T RARIT.

BIEM pH X THEFILSH R, MEPEMASER. B K
B PRI A A . PR ALY PT LK /K R B9 BRI 0 S 3 A B, B
RS AR, TP 0 S 4 2 R RO PR R S DR T R R s . B
K, FUAEYE AT LA S E R ERRE, XWRMERAR T RERNH R
FORIR.

Section 5 Dissolved Oxygen

Dissolved oxygen (DO) is by far, the most important parameter in
aquaculture, Low DO levels are responsible for more fish kills, either directly or
indirectly, than all other problems combined. Oxygen consumption is directly
linked to size, feeding rate, activity level and temperature, and it will surprise
some that large fish consume less oxygen than their smaller counterparts which
have higher metabolic rates. The amount of DO in water increases as temperature
reduces, and decreases when salinity and altitude increase.

Not only is DO important for fish reseiratié)n, it is also important for the
survival of phytoplankton, the organism which breaks down toxic ammonia into
harmless forms. To cultivate good growth, a good rule of thumb is to maintain

DO levels at saturation, or at least 5 mg/L (Santiago, 1981). Warm water
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species are more well-adapted to occasional low DO levels than cool water species.
Portable DO meters should suffice for a quick DO check.

Words and Expressions:

counterpart [ 'kavnterpart | (n.): another person or thing that has a similar
function or position in a different place BLEEELHUAIAH 24 B A, X5 I ZE4

altitude [ 'zeltitud |(n. ) : the height above sea level ¥k

respiration [ respa'reif(a)n](n. ) : breathing FEMg

cultivate [ 'kaltiveit |(w. ) ; foster the growth of ¥%3%, FfE, &

occasional [ a'keizonl |(adj. ) : happening sometimes, but not regularly or often {
IRI s REFEH, I

suffice [ so'fais](w. ) : be enough to achieve a purpose or to fulfil a need ## /2, 72

Translation:

R W M K

A (DO)EH RK- AP REEN — IS, bR HE Ml 2 A %
#y, DO i fAYLRE R Al AR R . AR RS a e AR, 3
R, WK FRASIRE MR, SAZEKE, MEABRm AR
fETAR LA B /MBEACB R BRI R R 28 . 7k DO 2 42 B IR B2 BRI T 5
W B 1 A PO 8 o T AR I

DO AU R IR+ HE, RPN AEFRRER, mEE T
ARNEFHAITFENENR. MMEtaRAR, HBEK, 0¥ DO 4 Emm
REEE R 5 me/Lo 7K 0 i ke Gk S B9 3 7 BE A I T Ak pd 2
%X DO WX AT PASEBE DO B PR 2



Unit 3 Basic Biology of Aquatic Species

Section 1 Characteristics of Fish Flesh

Fish flesh differs markedly from the usual mammalian and avian flesh in the

markets. It is far mire diverse, because several hundred species of widely varying
characteristics are used for food.
It usually provides a unique and valuable addition to human and animal

nutrition,
1. Composition

Fish flesh (defined as the muscular and fatty tissues of the trunk), which is

the part usually destined for human consumption, caries from about one-fourth to
three-fourths of the total weight, Other aquatic usually have even less flesh.
The major chemical components of fish are water, lipids, and ash. The
water and lipids (principally oils) together usually make up about 80% of total
weight, the protein makeup about 17% and the ash makes up about 3%.
The most variable major component in fish flesh is the oil, which varies
inversely with the water from about 11% to over 20% of body weight depending

on species, seasonal fatness, and status of the gonads.
2. Nutritive Value

The kinds of oils, proteins and ash in fish make it as good a high-protein food
as the flesh of mammals and birds for the general human diet, and fish is a
superior food for various special diets,

Fish is desirable food primarily because of its protein, which is a major
proportion of its dry eight and is of high quality. Despite the diversity of fish
available for the diet, they are all similar in quality. The oil content is also of
nutritional importance from the standpoint of both quantity and quality. Fish oil
(except crustacean oils) is quite different in quality from that of other animal

fats, principally of a higher proportion of polyunsaturated fatty acids. These have

been show to be desirable in human diets because they tend to lower blood

cholesterol. The other major characteristic of fish flesh is the usually low



