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ABSTRACT 

The factors responsible for the establishment and summer proli­
feration of attached filamentous algae in the Manawatu River 
were investigated. The life cycle of the dominant alga 
CZadophora was observed to be closely linked with the seasonal 
river and climatic changes. The magnitude and frequency of 

i 

flush events were the major factors responsible for reducing the 
attached algal biomass. During steady low flow conditions, the 
results of phosphorus nutrient availability tests demonstrated that 
phosphorus availability frequently limited the growth rate of 
the Cladophora proliferations . The concentration of dissolved 
reactive phosphorus during these periods was 3-4 mg P m-3 

Dissolved inorganic nitrogen concentrations during steady low flow 
conditions were low, compared to overseas rivers that experienced 
similar filamentous algal proliferations, and the results of 
nitrogen nutrient availability tests never indicated nitrogen 
limitation of the Cladophora growth rate . 

The water quality effects of these proliferations were also inves­
tigated . The two effects monitored were; diurnal fluctuations 
of Dissolved Oxygen (DO) and pH. These could become quite 
severe and consequently affect the river's ability to adequately 
assimilate effluent discharges from Palmerston North and its 
associated food industries . Of the two algal-induced fluctua-
tions, DO was the more important . Frequently,maximum daily DO deficits 
(DODms) of 3. 0 g m-3 were observed and these severely limited 
the river' s ability to satisfy the oxygen demands of all discharges 
while maintaining the minimum desirable DO concentration. 

A regression equation was developed using the data from both the 
1981/82 and 1982/83 seasons to predict the daily DOOm. The 
largest contribution to the total predicted DOOm was from the total 
river community respiration followed by a seasonal effect, the 
river flow, the regression constant and the terrestrial 
insolation. The regression equation accounted for 72% of the 
observed variation in the daily DOOm during the two seasons. 



i i 

Fluctuations in the pH of the Manawatu River were also important, 
as a component of the effluent discharges is ammonia, the tox­
icity of which increases exponentially with a linear rise in pH. 
However, algal-induced pH fluctuations were reduced downstream 
of the discharges by bacterial respiration associated with the 
oxygen-demanding effluents. This phenomenon and the timing of 
both pH and ammonia fluctuations meant that toxic concentrations 
were not observed, although the temporal variation of ammonia 
was often erratic. However, future discharge changes may alter 
this situation, and continued surveillance of downstream pH and 
ammonia is warranted. 
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INTRODUCTION 
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1. INTRODUCTION 

The Manawatu River is situated in the lower half of the North Island 
of New Zealand. (Figure 1. 1 )  The river is approximately 226 km 
long and has a catchment area of 4950 km2 encompassing parts of 
both the Tararua and Ruahine ranges. The predominant surroun-
ding land uses are pastoral and agricultural farming. 

The mean flow of the river is 54. 6 m3 s-1 (period of record 
16  December 1 971 to 4 May 1 976). A portion of the flow duration 
curve measured at site D (figure 1. 2) for the same period is shown 
in figure 1 . 3. The 4% low flow (i. e. that flow that is equalled 
or exceeded 96% of the time) of 12. 8  m3 s-1 is used by the 
Manawatu Regional Water Board (MRWB) as the basis of effluent 
standards for the major river dischargers (Currie, 1 977). Recent 
flow data (up to 1 982) indicate little variation from the above 
characteristics. The location of the three major dischargers, 
the Palmerston North City Corporation (PNCC) , the Manawatu Co-op 
Dairy Co. and the Longburn Freezing Co. are given, together with 
other study sites, in Table 1. 1 and are illustrated in figure 1. 2. 

TABLE 1. 1:  Locations of the major dischargers to, and study sites 
of, the Manawatu River 

Site/Discharge 

Te Matai Road 
Depot 
Maxwell s Line 
Palmerston North City 
Corporation 

Shirriffs Road 
Walkers Road 
Manawatu Coop Dairy 
Company . 

Longburn Freezing 
Company 

Karere Road 
Opiki Bridge 

Abbreviation 

(T) 
(D) 
(M) 

(S) 
(W) 

( K) 
(0) 

N. Z. Map Coordinate 

N149 177372 
N149 1 33336 
N149 08331 7  

N149 07731 1  

N149 060303 
N149 049288 

N149 055302 

N149 048293 

N149 038284 
N148 972257 
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Figure1.2 The Manawatu River show i ng 
sampling sites. 
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Figure1. 3 A portion of the flow duration curve for the Manawatu 

River .( At site D , 16/1 2/71 - 4/5/76 )(From Currie, 1977) 
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Extensive proliferations of attached filamentous algae have been 
observed in the Manawatu River, during summer low flow periods. (Appendix 

1 ,  photographs 1-4). These algal proliferations have two major effects: 

(a) The physical presence of thick mats of attached filamentous algae 
in the river, and often decaying on the river edges, disrupts 
both the aesthetic appeal and recreational uses of the river. 

(b) Water quality effects of the algal metabolism can produce 
dramatic fluctuations in dissolved oxygen (DO) and pH. 
These oscillations can have important consequences further 
downstream, when the low DO concentrations and high pH levels 
make it difficult for the river to assimilate discharges 
containing oxygen-demanding organics and ammoniacal wastes 

(the toxicity of which increases with higher pH), while main­
taining a water quality that is not hazardous to aquatic life. 

The purposes of this study were: -

(a) To investigate the factors responsible for the establishment 
and development of attached algal proliferations in the 
Manawatu River. 

{b) To quantify the magnitude of the algal-induced DO and pH 
fluctuations and identify the factors responsible for the 
'worst case' situations . 

(c) To use the information obtained (from (a) and (b)) as a guide 
to establish whether or not some algal control measures are 
warranted. 



CHAPTER 2 

LITERATURE REVIEW 
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2 .  L ITERATURE REV I EW 

2 . 1  I ntroduct ion  

The  h i stori ca l  documenta t i on of a ttached f i l amentou s  a l gae i n  the  

Manawatu River began i n  1 956/57 , . when duri ng the  summer , abundant green 

a l gae were observed upstream and to 10km downs tream of Pa l merston 

North ( M . O . W . , 1957 ) . The contri but i on of these growths  to the DO 

prof i l es of the r i ver was bri efl y d i scus sed by Johannesson ( 1958 ) 

who noted a marked d i u rna l  fl uctuat i on . There i s  a l ac k  of pub l i s hed 

data concern i ng the a l gae i n  the Marrawatu Ri ver unt i l 1 977 , when 

concern a bout " . . .  v i gorou s f i l amentou s a l gal  growth . . .  1 1  was noted 

( Curri e ,  1 977 ) . Th i s concern centred on two maj or a s pects : -

( a )  The ma i ntenance of water qua l i ty for the protecti on  of aquat i c  

l i fe .  

( b ) The cond i t i on and appearance of the ri ver a s  i t  re l ates to 

the vari ou s  ri ver u sers . 

The metabol i c  acti v i t i e s  of the a l gae , the dom i nant  genus  i dent i f i ed 

a s  Cladophora, are re spon s i b l e for the major part of the observed DO 

and pH fl uctuat i on s  ( Secti on 2 . 3 )  ( Curri e ,  197 7 ) . Ups tream of 

Pal merston North , DO concentrat i ons have been seen to vary from 
-3 -3 6 . 9  g m  to 12 . 0  g m  a nd pH has been seen to r i se from 7 . 6  to 

9 . 1 ( Curr i e ,  1 977 ) . These upstream fl uctuat i on s are espec i a l l y  

i mportant  when they are superimposed o n  the effects  o f  effl uent  

d i scharges in  the v i c i n i ty of Pal merston North . The l ow DO concen­

trat i on that  can  be  found dur i ng the  early morn i ng can severel y l i mi t 

the ri ver1s a s s i mi l a t i ve capaci ty and i ts a b i l i ty to ma i nta i n  the 

mi n i mum l eg i s l at i ve requ i rements  for DO . I n  the reach be l ow the 

d i scharges the ri ver i s  c l a s s i f i ed D u nder the Water and So i l 

Conservat i on Act ,  1967 . Thi s c l a s s i f i cat i on s tates that the DO shou l d  not 
fal l be l ow 5 . 0 g m-3 . ( Curri e ,  1977 ) . 

The pH of a water body rece i v i ng ammon i acal / prote i naceou s eff l uent  i s  an  

i mportant water qua l i ty cons i derat i on ,  a s  the  tox i c i ty of ammon i a  i s  dep­
endent on the pH . The proport i on  of t he more tox i c  u n i on i zed form i ncrea-
s i ng wi th e l evated pH ( Secti on 2 . 3 . 2 . 1) . Downs tream concentrat ion s  of  total 

ammon i a  have reached 2 . 3  g N m-3 al:--pH 8 . 0  ( Cu rr i e ,  1977 ) . The resu l ti ng 

concentrat i on of u n i on i zed ammon i a , a t  20°C wou l d  be a pprox i ma te l y  0 . 15 g N m-3 , 

whi ch can be contra s ted wi th  the Un i ted States Env i ronmental  Protecti on  

Agency ( EPA ) cri teri on for  u n- i on i zed ammoni a  of  0 . 02 g NH3 m-3 
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( 0 . 0165  g NH3 -N m-3
) . ( EPA ,  1972 ) 

Extens i ve  prol i ferati on s  of  attached fi l amentou s a l gae can choke 

the sha l l ow r i ver marg i n s  and often extend as  thi c k  mats  acros s  the 

who l e wi dth  of  sha l l ow reache s . Fi l aments often grow to two metres 

i n  l ength a nd can effect the r i ver u sers i n  two ways : -

( a )  Fou l -smel l i ng and u n s i ght ly  beds o f  rott i ng a l gae are 

depo s i ted on the r i ver marg i n s  as the water f l ows dur i ng 

sea sona l dry peri od s .  

{ b ) Recreati ona l acti v i t i es such a s  canoei ng , swi mmi ng , j et-boati ng  

and fi s h i ng  are d i srupted by a l ga l  f i l aments becomi ng entangl ed 

wi th a ny submerged objects . 

2 . 2  Eu troph i cat i on  and attached fi l amentou s a l gae i n  ri vers 

Eutroph i cati on i s  the natural or arti fi c i a l addi t i on of nutri ents to 

water bod i es  and the effects cau sed by such add i t i on s .  Thu s ,  

Warren ( 1 97 1 )  makes the d i st i ncti on between : -

( a )  Eu troph i cat i on  wh i ch , i n  i ts str i ctest sense , i s  the 

i ncrease i n  nutr i ent  supp l y  to a water body . 

(b )  The effects  o f  eutroph i cat i on , whi ch may b e  expres sed i n  
vari ou s  ways . When these effects are u ndes i rab l e they may 

be con s i dered a form of pol l ut i on . 

I ncreased s tream fert i l i ty a nd the su bsequent accel erated growth of 
aquati c p l ants ( peri phyton , phytopl ankton , • h i gher• macrophytes , 

exc l ud i ng  fungi ) can be a natural  progres s i on . However , the b l ooms 

of aquati c p l ants  observed i n  North Western Europe a nd North 

Ameri ca i n  the 1 9so • s  and 196o • s  were d i rectl y l i n ked to the 

i ncreased use  of phosphate bu i l ders i n  detergents and to chang i ng 

agri cu l tural  practi ses .  Hynes  ( 1 960 ) contends 11 • • •  therefore , 

that r i vers  and streams are now enri ched a l most  everywhere and that 

they are better p l aces for p l ant  growth than they were a century 
ago .. . He  a l so documents some f i l amentous opportu n i sti c a l ga l  

speci es , many of  whi ch (CZadophora, StigeoaZonium, V1othrix) 

have been observed i n  the Manawatu Ri ver . The prob l em of  attached 

f i l amentous a l ga l  prol i ferat i ons , notab l y CZadophora,has a l so been 

noted i n  the adjacent Rang i t i ke i  R i ver and Wanganui  Ri ver catchments 

( Fowl es , 1 982 ) . 



The factors respons i b l e  for both quant i tati ve and qua l i ta t i ve 

c hanges i n  l oti c f l ora vary and are often somewhat mercuri a l . 

Vari ou s  factors have been i dent i f i ed a s  bei ng i nvol ved i n  the 

format i on  of  attached fi l amentous a l ga l  prol i ferat i ons . The fo l -

l owi ng  feature promi nent ly  i n  the l i terature 

f:ladophora. ( Chudyba , 1 965 ; Manta i , 1 978 ; 

Shear & Kooasewi c h ,  1 97 5 ;  Whi tton , 1970 ) . 

( a )  Temperature 

( b ) L i ght  

( c )  Water Movements 

( d )  Substrates 

( e )  Nutri ents 

perta i n i ng to 

Nei l & Owen , 1 964 ; 

8 

Both the s pat i a l  d i s tri bu ti on  and tempora l changes have been l i n ked 

wi th one or more of the above . The pub l i shed data on the i nf l uence ( s )  

of these vari ab l es  o n  the growth of Cladophora wi l l  be cons i dered 

i n  deta i l i n  Secti on 2 . 5 . 3 .  

2 . 3  Water qua l i ty effects of  a lga l metabo l i sm 

2 . 3 . 1  Di sso l ved Oxygen 

The DO and pH affects  descri bed i n  s ect i on  2 . 1  are cau sed by the 

photosyntheti c and re sp i ratory acti v i ti es of the a l gae . I n  the 

most bas i c  terms , the former process may be represented by 
equati on  ( 2 . 1 )  

SOLAR C02 + 2H20 ENERGr ( CH20 )  + 02 + H20 ( 2 . 1 )  

S i mp l i st i ca l l y ,  resp i ra t i o n  may be con s i dered a s  the reverse of  

thi s equati on . As each  process i nvol ves oxygen ,  the  DO  of  the 

r i ver can r i se or  fa l l ,  depend i ng on  the re l ati ve magni tude of the 

photosyntheti c and respi ratory processes . A representat i on of the 

major  sources and s i n k s  of  DO i nvol ved i n  a peri phyton -domi nated 

r i ver i s  i l l u strated i n  f i gure 2 . 1 .  The net effect wi l l  depend 

on  vari ou s factors, i nc l ud i ng the a l ga l  commun i ty b i omass and com­

pos i t i on , r i ver f l ow , season , t ime of day , temperature and nutr i ents . 

Thu s ,  i n  r i vers exper i enc i ng  aquat i c p l ant  growth s  a var i e ty of DO 

profi l es can occu r , as i l l u s trated i n  fi gure 2 . 2  



DO i n  

F igu re 2.1 A representati on of maj or sources and s i nks  of di ssol ved 

oxygen i n  the Manawatu Ri ver .  
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FIGURf 2.2 : Effect of differences in plant density and sun l ight on  r i ver di ssol ved 
oxygen profiles at 15°C ( after Owens et al�l969) 
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Th i s fi gure i l l u s trates the re l at i onsh i p between the attached 

fi l amentous a l ga l  b i omass and the l i ght avai l ab l e  for photosyn­

thes i s .  At  l ow b i omass  l eve l s  a l l the fi l aments wi l l  have 

unrestr i cted acces s  to the downwe l l i ng rad i ati on . The photo­

syntheti ca l l y  produced oxygen wi l l  cau se e l evated DO concentra­

t i ons . H i g h  metabo l i c  acti v i ty wi l l  a l so  i ncur a ra i sed respi ra­

tory rate , whi ch  wi l l  takeover as  darknes s  approaches . Resp i rati on 

rates wi l l  a l so i ncrease i n  response to h i g her DO concentrati ons  

( Owens  & Mav i s 1 964 ; Mcint i re ,  1 966 ) . Photorespi rati on  may a l so 

be respons i b l e  for a part of the total resp i rati on  ( Secti on 3.8.2). 

As the a l ga l  b i omass  i ncreases , fi l aments near the water surface can 

restri ct  the pa ssage of l i g ht to fi l aments  l ower down . The b i omass  

can bu i l d u p  to the poi nt that a l arge porti on of  t he  a l gal  

assembl age rece i ves very l i ttl e l i ght and a s  a con sequence acts 

as  an  oxygen  s i nk  i n stead of a sou rce . 

I n  a ri ver experi enci ng aquati c p l ant- i nduced DO f l uctuati ons , 

the effects of oxygen-demand i ng organ i c  eff l uents can i ncrease the 

severi ty of the sags . I f  the organ i c  l oad i s  constant , then an  

apprec i ab l y l ower defi c i t  i s  seen duri ng the n i ght . Concern 
centres around the worst case scenari o duri ng the summer , when 

factors can combi ne to produce a mi ni mum DO . The l ow f l ows reduce 

the tota l mas s  of oxygen avai l able i n  the ri ver , and the h i gher 

temperatures enhance resp i ratory acti v i ty as  wel l as  decreas i ng 

the so l ub i l i ty of oxygen . 

The a s set and l i abi l i ty nature of benth i c a l ga l  prol i ferati on s  wi l l  

be dependent on  the tempora l vari ati on  of any d i scharge s . I f  a 

l arge demand i s  made on the avai l ab l e  oxygen i n  a r i ver at  the same 

ti me that the a l ga l  resp i ratory effect i s  domi nant then an otherwi se 

acceptab l e DO mi n i mum may be reduced bel ow l egi s l ati ve l evel s set 
to ma i ntai n des i rabl e aquati c fl ora and fauna . 

I t  has been emphas i zed ( o • connel & Thomas , 1 96 5 )  that the asset  

nature of a l ga l  photosynthes i s s hou l d  be  cons i dered a s  a safety 

factor , whereas means  for overcomi ng the adverse effects of a l ga l  

resp i rat i on  s hou l d  b e  bui l t  i nto any effecti ve and rel i ab l e water 



water pollution control programme. 

2.3.2 pH 

The equilibrium reactions of inorganic carbon are the major factors 
governing the buffering capacity and pH of natural waters. The 
distribution of the species of total co2 (Free co2, HCOj and CO�-) 
is related to the pH of the water (See figure 2.3). The following 
equations outline the entry of gaseous co2 into a water body and 
the ensuing equilibrium reactions (Stumm & Morgan, 1981; Wetzel, 
1975a; Whit ton 1975) :-

where: 

co2(g) + H2o � co2(d) + H2o (2.2) 

co2(g} = C02 gaseous 

C02(d) = C02 dissolved 

This dissolved co2 hydrates slowly (half-life approximately 15 s) 
to form carbonic acid:-

(2.3) 

The carbonic acid dissociates rapidly in comparison to its rate 
of formation;-

The equilibrium constants 

k1 = (H+)(HC03-) 
(H2co3) 

k2 = (H+)(co2-) 3 
(HC03-) 

for 

HCO -3 
co2-3 

these equations:-

(2.6) pkl = 6.43 at 15°C 

( 2. 7) pk2 = 10.43 at 15°C 

(2.4) 

(2.5) 

+ Uptake of co2 during photosynthesis results in the removal of H 
ions and a consequent rise in pH. There will also be a loss of 
H+ ions, associated with the uptake of nitrate and phosphate, this 
is usually minor relative to changes induced by the co2 uptake 
demands placed on the equilibria reactions (Equation 2.3-2.5). The 
effect of respiration will be the reverse of the above and a 
depression of pH will occur (Stumm & Morgan, 1981). 

Many aquatic plants can utilize bicarbonate which is taken up by 
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Figure 2.3 The relationship between pH and the proportion of inorganic carbon species 

in solution._ ( t:C02 = co2 + Hco3- +CO�- ) (After Wetzel, 1975a) 
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active transport and dehydrated in the cell cytoplasm. This is 
coupled with stoichiometric excretion of hydroxyl ions, the net 
effect, in terms of the pH, is then similar to the uptake of free 
co2 . (Wetzel, 1 975a)  

Large diurnal pH fluctuations have been observed in many lotic 
situations supporting various combinations of aquatic plants. 
Early examples of pH ranges and magnitudes found in lentic situ­
ations are: 7 . 5-9 . 6  (Philip, 1 927 ) and 4 . 0- 1 2 . 3  (Schutte & 

1 4  

Elsworth, 1954 ) . pH dynamics in rivers have received less attention. 
The available data are summarized in table 2 . 1 .  

Fish mortalities observed in the River Tweed during the late 
afternoon, were attributed to the prolonged exposure to the 
elevated pH. (TRPB, 1 957 ) . There are no reports of damage to 
aquatic life in the other references in table 2 . 1 .  

The production of elevated pH has been cited as a competitive 
response by aquatic macrophytes and some periphytic algae, attemp­
ting to maximize available bicarbonate (See figure 2 . 3 )  at the 
expense of free carbon dioxide, giving them a competitive advantage 
over phytoplankton only able to utilize free carbon dioxide 
(Halstead & Tash, 1 982; Round, 1973) . 



TABLE 2.1: A summary of pH fluctuations reported from a variety of rivers 

River & pH Av. Alkalinity Flow Width Location Maximum Minimum (m3 s- 1) -3 (m) (Eq m ) 
Havelse Denmark 9.1 7.5 0.6 NA 3.6 

Madison U.S.A. 8.2 7.7 13.0 5.8 42 

Bere U.K. 8.5 8.0 0.8 4.6 NA 

Raritan U.S.A. 9.4 7.8 0.8 1.4 14 

Tweed U.K. 10.5 7.8 NA NA NA 
�-- -- - - - -- ------ -- --- --- �- �----

* 
Chl a data converted to gDWm-2 using chl a = 1.5% DW (Vollenweider, 1969) 

NA = Data not available. 

Benthic 
Plants 

(gDWm-2) 
Macrophytes 

40 

Macrophytes 
200 

Periphyton 
* 

30 

Various 
Periphyton 

* 
15 

Cladophora 
NA 

Reference 

Simonsen & 
Harremoes, 1978 

Wri ght & Mi 1 1  s, 
1967 

Marker, 1976; 
Marker & Gunn, 
1977 

Flemer, 1970 

TRPB, 1957 
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I I 
I 
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2.3. 2.1 pH and Arrmonia 

pH is important in rivers, such as the Manawatu, that receive 
ammoniacal wastes, as it affects the toxicity of ammonia (Figure 2.4). 
Ammonia gas is soluble in water in the form of ammonium hydroxide 
which dissociates readily into ammonium and hydroxyl ions as 
follows:-

(2. 8) 

It is widely accepted that the toxicity of ammonia is directly 
related to the concentration of un-ionized ammonia (NH3) 
(Alabaster & Lloyd, 1980). The percentage of NH3 present in an 
ammonia solution can be calculated from the following:- (Alabaster 
& Lloyd, 1980) 

% NH3 =100/(1 + antilog (pKa-pH)) 

pKa = 10.05 - 0.032T 

where T = Temperature (°C) 

(2.9) 

(2.10) 

The United States Environmental Protection Agency (EPA) criterion 
-3 

is 0.02 g NH3 m (EPA, 1972). However, in any consideration 
of ammonia toxicity the following relationships should be borne 
in mind (Alabaster & Lloyd, 1980; Szumski et al� 1982; Thurston 
et al� 1981):-

(a) The proportion of NH3 increases with increased pH 
(See equation 2.9 and figure 2.4.) 

(b) The toxic concentration of NH3 increases with increased pH 
and alkalinity. (Szumski et al� 1982) 
These relationships modify the interpretation of (a), and 
become increasingly important for pH values above 8. 0. 

(c) The toxic concentration of NH3 decreases with increased 
temperature (figure 2.4) and decreased DO (Alabaster & 

Lloyd, 1980; Thurston et al� 1981). 

The setting of river standards for ammonia was deferred in the last 
major study carried out by the Manawatu Regional Water Board 
(Currie, 1977 ) . The only New Zealand water right that has incorpor-

-3 -3) ated an ammonia standard used a value of 0.08 g NH3-N m (0.10 g NH3 m 
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F I GURE 2 . 4 :  Concentrations of total ammonia that contain 0 . 08 g m-3 
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(figure 2.4) as the acceptable medium value (maximum concentration 
0.11 g NH3� m-3(0. 13 g NH3 m-3))for the Makarewa River, Southland. 
(Black, 1979). 

The US EPA and the European Inland Fisheries Advisory Commission 
(EIFAC) have criteria of 0. 02 g NH3 m-3 and 0.025 g NH3 m-3 

respectively. These criteria are based on safety (application) 
factors of 0.1 and 0. 125 used with the lowest lethal concentration 
of 0.2 g NH� m-3 reported for rainbow trout fry (Liebmann\ 1960, � 
quoted by Alabaster & Lloyd, 1980). Although short-term exposure 
to concentrations of un-ionized ammonia below 0.15 g NH3 m-3 may 
not kill a significant proportion of a fish population,adverse 
physiological or histopathological effects may occur (Lloyd & Orr, 
1969). However, the use of a safety factor of 0. 1 has been criticised 
as being not scientifically justified, overprotective, and in terms 
of the costs of water pollution control, unnecessarily expensive. 
(Ruffier et aZ� 1981; Szumski et aZ� 1982). The latter authors 
argue for a lower threshold acute toxic concentration (for cold 
water fish species) of 0. 2 g NH3-N m-3 used in conjunction with 
a safety factor of 0.2 giving a criterion of 0. 04 g NH3-N m-3 

They also advocate taking into account point (b) noted above. 

There is still much discussion in the U.S.A. on the various factors 
that should be incorporated into an ammonia criterion. The EPA are 
presently soliciting input to a draft document that will supercede 
the present criterion. ( Szumski et aZ� 1982). 

2.4 River primary productivity 

Lotic primary productivity can be defined as the capacity of a river 
to build up simple organic compounds from solar or chemical energy. 
The relative proportion of autochthonous (produced in the river) and 
allochthonous (originating from outside the river) production depends 
on numerous factors such as the river order, precipitation, activity 
in the catchment area and season. The primary productivity of an 
aquatic ecosystem can be used as a reflection of water quality and 
community composition (Hornberger et aZ� 1976 & 1977). 

Primary productivity can best be determined by measuring changes in 



DO or Dissolved Carbon ( including 14c) as opposed to gravimetric 
measurements, which will be confused by losses such as sloughing­
off and grazing. 
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Advantages of oxygen methods over carbon methods include the following:­

{ i ) Cheaper and simpler equipment is required to measure DO 
compared to that needed for 14c methodology. 

( ii ) Robust commercially available monitors are available that 
allow simultaneous and continuous measurements of DO and 
temperature. 

( iii ) Estimates of gross, net primary productivity and respiration can 
be made. 

{ iv ) They are more applicable than any others in highly productive 
systems. 

Disadvantages include:-

( i ) The accuracy is poor in low productivity situations. 

{ii ) They infer that oxygen production is stoichiometrically 
related to the build up of organic material. 

{ iii ) In order to partition the components of net primary productivity 
assumptions must be made about the necessary corrections for 
respiration. 

( iv ) In highly productive situations there can be loss of 
oxygen as bubbles { Wetzel, 1975b ) . 

Primary productivity measurements involving DO can be divided into 
two categories:-

(a ) Enclosed chambers:- These isolate portions of the community 
either in situ or in a controlled laboratory setting. The 
design of these have evolved from the simple light and dark 
BOO ( Biochemical Oxygen Demand ) bottles to semi-enclosed 
chambers that can be placed over sections of the riverbed. 
However, due to the contagious distribution of most lotic 
periphytic communities the replication needed for accuracy 
precludes the use of the in situ technique in all but the most 
extensive growth situations {Wylie & Jones, 1981 ) . 
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(b) Free-diurnal curve methods :- These techniques invol ve 
monitoring the DO dynamics of the whol e river. If the DO 
fl uctuations occur simul taneousl y  al ong the river then singl e 
station monitoring wil l adequatel y  describe the situation. If 
there is l ongitudinal devel opment of pl ant material then 
• upstream-downstream • (or two station) monitoring has to be 
empl oyed. By fol l owing both the day and night dynamics, val ues 
for respiration, gross and net primary productivity can be 
cal cu l ated (Odum, 1956) (See section 3.8.2). 

The primary productivity of a periphytic community wil l vary as it 
devel ops. Consequentl y, the water qual ity effects wil l al so 
change. During the undisturbed devel opment of a periphytic commun­
ity there will be changes in the overal l  composition. In l aboratory 
streams temporal changes have been observed in filamentous algal 
assemblages involving layer of older/decomposing cell s, empty diatom 
frustules and sil t. There was also sloughing off of large portions 
of the community, the amount of which increased as the current 
velocity increased beyond an optimum. (Mc intire, 1968 ; Horner 
et aZ� 1982). In a thermal stream (37°C) a build up of l ayers of 
senescent cel l s  to form a thick algal mat was observed and the 
involvement of extracellular products in controlling growth rates 
hypothesized (Stockner, 1968). 

� relationship between periphytic algal density and primary produ­
ity has frequentl y been described as an inverse one(Eichenburger 
hrmann, 1975 ; Marker, 1976 ; Pfeifer & McDi ffet, 1975) which is 
•e expected when the affects of increasing self-shading and 
�otrophs are considered (Section 2.3.1). However, a linear re-

ship has been reported to exist between the density of the 
al gae of the Danube River and their primary productivity 
omajka, 1973). It is important to cl arify in such studies 

used and rel evant aspects of the river such as current 
these can have a l arge infl uence on the resul ts. Some of 

.udies do not inc l ude all the rel evant hydrol ogical data, 
;ul t their concl usions may need to be reinterpreted . 

Factors control l ing primary productivity have been discussed by many, 
notabl y :  Edwards & Owens (1962) ; Vol l enweider(1969) ; Wetzel (1975b) and 
Whitton (1975). (See section 2.5.3). Resul ts from some l otic 



primary productivity studies are presented in table 2 . 2 .  

A wide range of values have been reported, including negative net 
primary productivity, indicating a dominance of heterotrophic 
over phototrophic activity. Despite the fact that the community 
composition is often cited as a major factor determining the net 
primary productivity, there have been few attempts at partitioning 
the community metabolism. One study, using chambers and antibio­
tics found that bacterial respiration contributed 30-35% of the 

I 

total oxygen demand. (Hargrave, 1 969 ) . Both chambers and bottles 
have been used in attempts to identify the algal contribution 
to the community primary productivity. However, data derived 

2 1  

from bottle studies may seriously underestimate primary productivity due 
to the importance of flow for maximum nutrient utilization. 
(Pfeiffer & McDiffett, 1 97 5 ;  Rodgers & Harvey, 1 976 ; Whitford 
& Schumacher, 1 96 1 ) .  

Many of the studies cited in table 2 . 2  involved the attached 
filamentous alga C Zadophora� which is discussed in detail in 
the following section. 
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TABLE 2.2: A comparison of 1 otic pr ima ry productivity data 

Net Gross Areal Primary Photosynthesis Productivity _2 _1 
0 -2d-1 ( g02m d l 

( g  2m J 

-1. �15. 0 

0. 9+ 5. 5 

4. 7-*11. 6 

9.4-*12. 5  

8. 1-+14 

0. 6-*59 

10 . 1-+48 

1 -*10 

Respiration 
( g02m-2d-1 ) 

4.2-*20.2 

Comments Reference 

Cladopho�a comm. Wong et a l� 1976 
diurnal analysis 
Periphyton. Light Ertl & Tomajka, 
& dark bottles 1973 
Diurnal analysis. Flemer . 1970 
Periphyton & 
phytoplankton 
Cladopho�a� comm. 
Diurnal analysis 
& chamber 

O ' Connel & 
Thomas, 1965 

Filamentous algae Pfeiffer & 

Comm. di urn a 1 
analysis 
10 Florida 
Springs 

Diurnal analysis 
Art. channe 1 s 
periphyton. 

McDiffett, 
1975 
Butcher, 1937 
cited by : 
Odum, 1956 

Duffer & 
Dorri s, 1966 
Eichenberger & 
Wuhrmann, 1975 
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2. 5 CZadophora 

2.5.1 Introducti on 

CZadophora i s  a member of the Phylum ChZorophyta , C l a s s  Bryopsido­

phyceae and Order CZadophoraZes (Round, 1973). Members of the genus 
have been found i n  both mari ne and freshwater envi ronments. In the 
past fi fty years the ubi qui tous nature of thi s  algae combi ned wi th 
the accelerated enri chment of many lakes and ri vers has led to the 
worldwi de occurrence of CZadophora proli ferati ons. 

2.5.2 Identi f icati on 

Preci se i dentificati on poses a major problem, especi ally i n  v iew of 
the morphological plasti c i ty of the speci es (Graham, 1982; Whi tton, 
1970). The detai led texts by Soderstrom (1963) and Van den Hoek 
(1963) need consulti ng i n  conjuncti on wi th li fe cycle observati ons, 
before speci es level i dentif icati on can be establi shed. Thisaspect 
has been by-passed by many worki ng w ith CZadophora, and the 
relevance of some publi shed work i s  doubtful as the speci es i s  
often not menti oned, or i n  some cases i denti fi cati on i s  contradi c­
tory. (Ne i l  & Owen, 1964; Storr & Sweeney, 1971). 

Usi ng basi c texts (APHA, 1975; Palmer, 1980) and the more detai led 
studi es menti oned above, together with observati ons of the algae 
throughout the year, the predomi nant alga i n  the Manawatu Ri ver 
was i denti fi ed as CZadophora g lomerata (L) Kutz . Compari son 
wi th a culture sample (from the Culture Centre of Algae and 
Protozoa Cambridge, U.K. ) confi rmed thi s  conclusi on,  when allowance 
was made for the morphologi cal changes that occur when CZadophora 

gZomerata i s  arti f ic i ally mai ntained (See secti on 3.7). 

2.5.3 Envi ronmental parameters affecti ng the growth of CZadophora 

Whi tton (1970)summari zes much of the literature on CZadophora, 

especi ally those speci es found i n  eutrophic  waters. Thi s  revi ew w i ll 
attempt to update Whi tton • s  survey wi th recently publi shed materi al. 
Whi tton (1970) descri bed examples of seasonal fluctuati ons observed 
at a vari ety of world-wide locations. These fluctuati ons are 
attri buted to a vari ety of envi ronmental factors whi ch have been 



outlined in section 2.2. Each will be discussed in some depth. 

2. 5. 3. 1  Temperature 

CZadophora g lomerata has been reported in a variety of fresh waters 
occurring either as a well defined summer proliferation (Bolas & 

Lund, 1974; Eichenberger, 1967 (quoted by Whitton, 1970); 
Pitcairn & Hawkes, 1973) or as two distinct summer and autumn 
blooms with an intervening decline (Chudyba, 1965; Bellis & 

Mclarty, 1967; Blum, 1957; Mason, 1965; Storr & Sweeney, 1971; 
Wong et al,  1978). 

In seven Canadian river systems increased Cladophora biomass was 
seen to be associated with a general warming of the waters to 
18.5 - 22.0°C (l�ong et a l, 1978). In  Lake Michigan Cladophora has 
been reported as increasing most rapidly when the water temperature 
ranged from 17 -20°C (Herbst ,  1969). These field results have 

24 

been supported by laboratory experiments that obtained maximum 
biomass production at approximately 18°C. (Storr & Sweeney, 1971). 
However, in situ studies on Cladophora photosynthesis have indicated 
optima at about 25°C (Adams & Stone, 1973; Moore, 1978). These 
studies can also be supported by laboratory work that show maximum 
biomass production occurring in the range 25-30°C (Bellis, 1968; 
Gerloff & Fitzgerald, 1976; Hoffman & Gerloff, 1980; Whitton, 1970; 
Zuraw, 1969 ) .  

I t  should be noted, when trying to clarify these two seemingly 
incompatible temperature optima ranges, the studies cited above deal 
specifically with Cladophora glomerata (Whitton • s  (1970) review 
refers to CZadophora species) and this species has been observed in, 
and collected from, a variety of locations. Each location may 
then have a specific ecotype with different environmental optima. 
Experimental procedures have not been standardised and these will 
influence the comparability of results. The applicability of some 
experimental studies to the river situation could be questioned in 
view of a reported significant expansion of the temperature range 
when nutrients were added to unenriched lake water. (Storr & 

Sweeney, 1971). 

Experimental evidence has been obtained that indicates that there 
are two temperature optima, corresponding to the processes of 
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zoosporogenes i s  and b i omas s  product i on . ( Hoffman  & Ger l off , 1 980 ) . 

S porogene s i s has been noted a s  occurri ng  i n  t he  f i e l d  i n  the range 

1 5-20°C .  A l owered temperature has  been seen to  be  respon s i b l e  for 

morphogenet i c effects such as a k i nete format i on and sporogenes i s 

( Wh i tton , 1 970 ) . I t  has  a l so  been demonstrated that  a rai sed 

temperature cau sed a k i n ete formati on ( Ma son , 1 965 ) . Upper tol erance 

l i m i t s  quoted for c. g lomerata a l so appear to cover a wi de  range , 

from 25°C ( Storr & Sweeney , 1 97 1 )  to greater than 3 1°C ( Ger l off 

& Fi tzgera l d ,  1976 ) . However , i t  has been shown that the u pper 

to l erance l i mi t of c. g lomerata var i e s  accord i ng to the water temp­

eratu re f l uctuat i on s ( Wong et al�  1978 ) . As the season a l  var i at i on 

i ncreases , so  the u pper to l erance l eve l decreases . These f i nd i ngs  

thus  throw some doubt  on the  usefu l ne s s  of  l a boratory s tud i es 

conducted at  a constant temperature . 

Lower tol erance l i mi ts  have rece i ved l es s  a ttenti on , 6°C was observed 

as the l i mi t for detectab l e growth i n  the Ri ver Wear ( Wh i tton , 1970 ) . 

Cu l tu re s tud i es have s hown that growth ceases a t  5°C ( Be l l i s ,  1 968) . 

Bo l a s  and Lund , ( 1 974 )  observed that growth reduct i on of Cladophora 

prol i ferat i ons  cou l d  be a ttri buted to wi nter temperatures of 3°C .  

Other s tud i es have observed heal thy background tufts o f  Cladophora 

at  the t i me of freeze-up  ( Chudyba , 1 96 5 ;  Wong et a l �  1 978 ) . 

2 . 5 . 3 . 2  L ight 

The  phenomena  of twi n annua l  peaks  ( Spri ng and Autumn ) of Cladophora 

growth has  been a ttri bu ted to , among other factors ( cf .  secti on 

2 . 5 . 4 ) , changes  i n  l i gh t  ava i l ab i l i ty ( Wong et al�  1 976 ) . The  

f i rst  peak  i s  cau sed by summer warmi ng  and i ncreased i nso l at i on . 

Th i s effect i s  s tead i l y  reduced by shad i ng  ( i n  re l at i ve ly  narrow 

s treams ) from ri pari a n  fol i age . As autumn arri ves and  the s hade 

cover i s  l os t ,  so  the a l gae are g i ven  another boo s t  by the newl y 

ava i l ab l e  l i gh t  and the  second peak i s  observed . However ,  other 
theori e s  have a ttempted to expl a i n the twi n peak phenomena . ( See 

sect i on 2 . 5 . 4 ) . 

I n  the l aboratory ,  l i gh t  i nten s i t i es  u sed to ach i eve max imum photo­

synthe t i c  response vary from 90- 125  � e i nstei n s  ( � E )  m-2 s - 1 Photosyn­

theti ca l l y  Acti ve Rad i a t i on  ( PAR)  u s i ng a vari ety of photoperi od reg i mes  



( Ger l off & F i tzgera l d ,  1 976 ; Hoffmann  & Ger l off , 1 980 ; Moore & 

Traqua i r ,  1 976 ; Storr & Sweeney , 1 97 1 ; Whi tton , 1967 ) .  Recent 

experi menta l stud i e s  have observed a n  opti mum l i ght  i ntens i ty for 
-2 - 1, 

net photosynthe s i s at  400 � E m s- Graham et aL, 1 982 ) . Th i s i s  
-2 - 1 

c l o ser to summer averages of 700- 1000 �E  m s that have been 

26 

recorded at  the p l ant  depth . ( Graham et aL,  1 982 ; Wong et aL,  1 976 ) . 

The effect of i ncrea s i ng the photoperi od has  been s hown to cau se  a n  

exponent i a l  i ncrease i n  b i omas s  product i o n  ( Storr & Sweeney , 1 97 1 ) . 

However , recent factor i a l  exper iments des i gned to s ta ti st i ca l l y  

a s se s s  the effect o f  v i tami ns , l i ght i ntens i ty ,  temperature a nd 

photoper i od on growth and zoosporogene s i s ,  found that wh i l e  photoperi od 

var i at i ons  contri bu ted very l i tt l e to the dry we i ght  producti on 

they d i d  s i gn i f i cant l y control the mag n i tude of zoosporogen s i s .  

( Hoffmann  & Gerl off , 1 980 ) ( See secti on 2 . 5 . 3 . 1 ) . 

One quanti tat i ve fi e l d  study has reported that the PAR ava i l a b l e to 

CLadophora i n  severa l Canad i an ri vers wa s l i near l y  rel a ted to the 

da i l y  net photosynthes i s ( r2=0 . 53 )  after fl uctuat i ons  i n  water 

turb i d i ty ,  mean depth and tota l refl ect i on were accounted for . 

( Wong et a L ,  1976 ) 

The growth rate and reproducti ve a bi l i ty of  aquat i c p l ants  are 

governed by many , often i nteract i ng ,  nutri t i ona l and env i ronmental 

factors . A l gal ti s sue nutri ent l evel s ,  adapti on to seasonal  

cond i ti on s , phys i o l og i ca l  races ( ecotypes )  can a l l affect l i ght  

c .rd temperatu re opti ma . ( See secti on  2 . 5 . 3 . 1 )  ( Maddox & Jones , 

1964 ; Round , 1 973 ; Senft , 1978)  

2 . 5 . 3 . 3  Water movements  

Two a spects of l ot i c water movements wi l l  be con s i dered : ­

( a )  Current  ve l oc i ty effects . 

( b )  Gros s  water movements or f l ood s . 

{ a )  An i ncrea sed water f l ow past per i phyton ha s been shown to 
enab l e a more effi c i ent  use of mi nera l n utr i ents a nd promote 

i ncrea sed net photosynthes i s .  ( Horner & Wel c h , 1 981 ; 
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Wh i tford & Schumacher , 1 96 1 ) . The effect o f  i ncrea s i ng  current  

ve l oc i ty was s i gn i fi cant i n  increa s ing resp i rat i on a nd phosphoru s 

uptake between  1 or 2 cm s -1 and a bout 45  cm s - 1 , a nd i s  

a ttri buted to an  i ncrease  i n  the d i ffu s i on g rad i ent  a t  or 

near the  cel l surface ( Fa l co et aZ , 1 975 ; Schumacher & 

Whi tford , 1 965 ) . 

( b ) However , i t  i s  a l so i mportant to note that  a s  cu rrent  vel oci ­

ti e s  exceed 50 cm s- 1 , s l ough i ng -off can  become i ncrea s i ng l y  

i mportant .  The phys i ca l  growth characteri s ti cs , a ttachment  

mode and mi crocl i mate of the peri phyton wi l l  a l l be i mportant 

i n  determi n i ng the tol erab l e current vel oc i ty range . Labora ­

tory work wi th  non -fi l amentous peri phyton has s hown reduced 

b i omas s  deve l opment a t  current ve l oc i t i e s  i n  exces s  of 50 cm s- 1 

( Horner & We l ch , 1 981 ) .  F i e l d  observa t i on s  of l ot i c Cladophora 

have e stab l i s hed the ve l oc i ty range of 25 -50 cm s- 1 a s  the most  

favourab l e for growth . I ncrea sed s l ough i ng -off occurred a s  

vel oc i ti es i ncreased beyond 100 cm  s - 1 . ( Chudyba , 1 965 } . 

F i e l d observati ons  on  peri phyton i n  r i vers resemb l i ng the 

Manawatu affected by spasmod i c  f l ood s are not common ma i n l y  

because  o f  d i ffi cu l t i es i n  app l yi ng s tudy techn i ques  des i gned 
for re l at i ve l y s teady f l ow cond i t i on s ,  and because  the 

per i phyton under s tudy are frequent l y u nder threat  of be i ng 

ob l i terated ! 

F l ow i ncrements and the concurrent  ve l oci ty i ncrea ses  have been 

qua l i tat i ve ly  l i n ked wi th  b i omas s  f l uctuati ons ,  l arger f l ow 

i ncrea ses  or  spates  have been seen to scour surfaces l eav i ng 

bare substrate wh i ch i s  then ava i l ab l e for co l on i zat i on  
( Chudyba 1 965 ; Wh i tton , 1 970 ) . Tett et a Z  ( 1 978} note t hat  

. .  Water movemen t  sorts parti c l e s  by s i ze ,  b ut  t he  proces s  i s  

comp l ex and the earl i er current  reg ime can resu l t  i n  a s ub strate 

and peri phyton d i str i but i on that  on l y  rough l y  ref l ects  

ve l oc i t i es a t  the t i me of  sampl i ng 11 • 

The l oad , both suspended and d i s so l ved , a ssoci ated wi th  f l ood 

events can have an i mportant i nfl uence on both the l i gh t  c l i ma te 

and nutri ent s ta tu s  of  a ny rema i n i ng peri phyton . The sudden 



avai l abi l i ty of d i sso l ved nutri ents such a s  phosphoru s and n i trogen 

wi l l  l ead to satu rat i on of the ce l l  quota . ( Beaumont , 1 975 ; 

Vol l enwe i der , 1969 ) ( See secti on 2 . 5 . 3 . 4 )  The i ncreased su spended 

l oad wi l l  a l so have maj or affects on the l i ght  c l i mate of a ny 

peri phyton , prol onged PAR reduct i ons often exi sti ng  l ong after 

the i n i ti a l f l u sh event . ( Tett et al, 1 978 ) . 

2 . 5 . 3 . 4 Nutri ents 

Dur i ng the past few decades much  work has  been pub l i shed on  the 

ways i n  wh i ch nutri ents affect a l ga l , e spec i a l l y  phytop l an kton , 

growth . There has  a l s o  been substant i a l  work  carri ed out o n  

CZadophora speci e s . Three poi nts s hou l d  b e  noted : 

( a )  The i mportance of spec i es l evel i denti fi cati on i s  cru c i a l  

for tru l y  comparab l e re su l ts .  

( b ) Controversy st i l l  ex i s ts a s  to whether, at  any gi ven t ime one 

nutri ent , wi l l  l i mi t growth ( Thresho l d  effect )  or mu l t i p l e  

nutr i ents wi l l  l i mi t growth ( Mu l ti p l i cati ve effect )  ( Ah l gren , 

1980 ; Droop , 1974 ) . 

( c )  L im i ti ng nutri ent ( s )  i denti fi cat i on i n  natural  systems wi l l  

be hampered by other uncontrol l a b l e and often unmeasured 
factors . 

Phosphoru s ,  and to a l e sser extent n i trogen , have been found to 
be i mportant ,  f�ctors control l i ng Cladoph�ra prol i ferat i ons . 
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E a r l y  work  by Ne i l  and Owen ( 1 964 ) s howed that growths of  Cladophora 

cou l d  be e stabl i shed , where none had prev i ou s l y  exi sted , by 

art i fi c i a l l oad i ng of phosphate and n i trogen to Lake Huron . I n  a 

number of  U . K . ri vers i t  wa s shown that Cladophora bi omas s  wa s 

corre l ated wi th phosphate concentra ti o n . R i vers wi th  l es s  than 

1 g m-3 tota l i norgan i c  phosphate phosphoru s produced on l y  mode s t  

annual  growths  o f  Cladophora ( 5  g m-2 compared to 75  g m-2 
annua l  

mean  dry we i ghts , ( See sect ion  2 . 5 . 4 ) ) ( P i tca i rn & Hawkes , 1 973 ) . 

However , the authors acknowl edged that" . . .  phosphoru s req u i rements  

vary accord i ng to other water parameters such a s  hardne s s , 

a l ka l i n i ty ,  concentra t i on of  organ i c  compound s , etc . . . .  and can  

thu s on l y  be sati sfactori l y  quoted for a named organ i sm i n  a named 

body of water" . Thei r fi e l d  stud i es were backed up wi th  l aboratory 



work s howi ng  s i m i l ar cri t i ca l  thresho l d va l ue s , be l ow whi c h , 

max i mum growth rate s were reduced ( See tabl e 2 . 3 ) . 
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Sewage d i sc harges i nto the Kent i s h  Stour l ed Bo l as and Lund ( 1 974}  

to conc l ude that . . . . .  t here seems no doubt  that phosphoru s i s  a 

major  control l i ng e l ement 11 • These authors observed max i mum 

Cladophora b i omas s  i n  enri ched r i ver s tretches where the phosphoru s 
-3 

( reacti ve phosphate phosphoru s )  reached approx i mate l y  1 . 0  g m An 
-3 upstream phosphoru s concentrat i on of about 0 . 2  g m wa s seen to 

su pport on l y  modes t  growths . 

A s tudy of severa l Canad i an ri vers i denti fi ed ,  on a commun i ty 

photosyntheti c bas i s ,  a s  opposed to a dry we i gh t  bas i s ,  a much l ower 

cri t i ca l water phosphoru s concentrat i on ( tab l e 2 . 3 ) . ( Wong & C l a rk ,  

1976 ) . 

These authors po i nt out that detached or free f l oati ng ( after the 

defi n i t i on s  of Wetze l , ( 1 975a )) fi l aments ( FFF ) may comp l i cate the 

i denti f i cat i on of any re l at i onsh i p between attached a l ga l  b i omas s  

and water phosphoru s  concentrat i on . ( see Sect i on 2 . 5 . 5 ) 

The general  vari a b i l i ty of the cri t i ca l  va l ues  reported shou l d  be  

cons i dered i n  the l i gh t  of the many var i ab l es  a s ses sed ( e . g .  the 

var i at i on  i n  phosphoru s  spec i e s tested for and the a na l yt i ca l 

method u sed ) and whether the re su l t  wa s deri ved from in situ 

observat i ons  and ana l ys i s or from l aboratory batch cu l ture s . ( Ta b l e 2 . 3 ) . A 

wi de  vari ety of med i a  have been u sed to cu l ti vate Cladophora . Some 

have been of a defi ned nature ,wh i l e  others have i ncorporated supp l e-
ments  from so i l , sewage , or any conve n i ent  eutroph i c  water sou rce . 

I n terpreta t i on of the data i s  thus  comp l i ca ted , and the app l i cabi l i ty 

of some batch experi ments to a l ot i c envi ronment  i s  quest i onabl e .  



TABLE 2 . 3 :  E st imates of  cri t i cal  water phosphoru s concentrat i ons  

i n  var i ou s  aquat i c  s i tuat i ons  

Cri t i ca l  Water 

p ( g  m-3 ) Colllllents  Reference 

1 . 00 Total  i norgan i c  P .  P i tcai rn & Hawkes ,  
R i ver CZadophora 

0 . 95 Tota l i norga n i c  P .  P i tca i rn & Hawkes ,  
Cu l ture CZadophora 

30  

1 973  

1 973  

0 . 28 Tota l i norgan i c  P .  Gerl off & F i tzgera l d ,  1 976  
C u l ture Cladophora 

0 . 06 Tota l P .  Wong & C l a rk ,  1 976  
Ri ver Cladophora 

0 . 02 Reacti ve P .  Hen l ey et a Z �  1 980 
Ri ver Cladophora Comm . 

0 . 02 D i s so l ved React i ve P .  Horner et a Z �  1 982 
Lab . Stream per i phyton 

0 . 01 Total P .  Mackenthum , 1 968 
Lake & Ri ver Phytop l ankton 

0 . 008 D i s so l ved reacti ve P .  Wu hrmann  & E i c henberge r ,  
Art .  S tream Peri p hyton 1 975  

0 . 002 D i s so l ved reacti ve P .  Auer , 1 982 
Lake CZadophora 

<0 . 001 D i s so l ved Reacti ve P .  Mackereth , 1 953 
Lake Phytop l ankton 
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Other pos s i b l e  nutri ents  that  may i nf l uence or l i m i t Cladophora 

growth i nc l ude vari ou s meta l s and v i tami n s . Manta i ( 1 978 ) suspected 

that these may have been i mportant i n  Lake Er i e and  noted that 

d i fferen t  factors may l i mi t growth a t  d i fferent t i mes  dur i ng the 

growi ng  season . Trace meta l s have been recogn i zed a s  e s sent i a l  i n  

any medi a  for Cladophora cu l t i vat i on ( Ger l off & F i tzgera l d ,  1 976 ; 

Whi tton , 1970 ) . However , there i s  no record of a proven case of 

trace meta l l i m i tati on i n  an  estab l i s hed prol i fera t i on . The need 

for v i tami ns , nota b l y  B 1 ( Th i ami ne )  and B 1 2  ( Cyanocoba l ami n )  has  

been e stab l i s hed i n  cu l ture s tud i es  ( Gerl off & Fi tzgera l d ,  1 976 ; 

Hoffman & Ger l off , 1 980 ) . However , there have , a s  yet , been no  

reported cases  of v i tami n l i mi ted Cladophora growth i n  the f i e l d .  

The pos s i b i l i ty of carbon l i m i t i ng Cladophora growth a ppears u n l i ke l y ,  

a s  growth i s  usua l l y  on l y  seen i n  ca l careou s fre shwaters where the 

tota l carbon and bufferi ng capac i ty wi l l  be h i gh .  pH f l uctuat i ons  

cau sed by a l ga l  metabo l i sm wi l l  not u sua l l y  a l ter the  tota l carbon 

avai l ab l e for Cladophora ( a l though the proporti ons  of s pec i es i n  

the C02/HC03/CO� - equ i l i br i um wi l l  a l ter )  u n l e s s  there i s  prec i ­

pi tati on of Caco3 . On l y  i n  extreme l y  eutroph i c  systems ( or other 

spec i a l  cases such as very l ow a l ka l i n i ty l a kes or extreme l y  hard 

water l akes ) i s  i t  l i ke l y  that carbon cou l d  become l i mi t i ng 

�ol dman et al,  1 972 ) . These cases do  not app ly  to the Manawatu 

Ri ver . 

Cladophora are not favoured by l ow n i trogen waters , and a h i gh 

phosphate to i norgan i c  n i trogen rat i o  has  been shown to be se l ec ­

t i ve for growth ( Wh i tton , 1 970 ) . Product i v i ty i ncrea ses  i n  Lake 

Mi ch i gan  are apparent l y  rel a ted to i ncreased nutri ents  i nc l ud i ng 

phosphate and n i trogen , wi th  tota l P varyi ng  from 0 . 067  - 0 . 095  
-3 -3 ( ) g m  and n i trate N from 0 . 08 - 0 . 16 g m Adams & S tone , 1973 . 

Dur i ng the  summer peri od i n  Lake Er i e the n i trate concentrat i on  

was  thought  to  l i m i t Cladophora a s  i t  wa s seen to drop from 

3-4 g N m-3 to near zero for a two week  per i od . ( Manta i , 1 978 ) . 

I n  s i x Canad i an r i vers the  tota l n i trogen concentrat i o n  never 
-3 fe l l be l ow 0 . 89 g m  and no corre l at i on wa s i dent i f i ed between 

total t i ssue  n i trogen and total  water concentrati ons . ( Wong  & C l ark , 1 97 6 )  
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Nutri ent  add i t i on s  to  experimental  channe l s u s i ng d i verted r i ver 

water s howed s i gn i f i cant  growth i ncreases  on phosphate add i t i on ,  

whereas n i trate i ncrements gave no s i gn i fi cant  i ncreases . The 

background l evel s of these nutri ents  wou l d  corroborate the resu l ts ,  
wi th  phosphate varyi ng from 0 . 2  - 1 . 0 g P04-P m-3 and n i trate from 

3 - 7 g N m-3 ( Bo l a s  & Lund , 1 974 ) . S i m i l ar l y  i n  a number of U . K .  

r i vers wi th  h i gh n i trogen l eve l s  ( N03 -N 2 . 7 - 1 2 . 5  g m-3 , NH3 -N 0 . 1 -
2 . 8  g m-3 ) no  s i gn i fi cant corre l ati on was seen between  the mean 

annual  dry we i ght  of Cladophora and n i trogen ( P i tca i rn & Hawkes , 
1973 ) . 

2 . 5 . 3 . 5  Substrates 

Cladophora wi l l  grow on a w ide  vari ety of substrates ( Chudyba , 

1965 ; Shear & Kona sewi ch , 1 975 ; SWA , 1 981 ; Wh i tton , 1 970 ) . 

The mos t  pro l i f i c  growths are usua l l y  a s soc i ated wi th rough  l arge 

s tones wi th  f i ssures , a l though  g l a s s  s l i des  have been seen to 

ma i n ta i n  Cladophora growths . ( Wh i tton , 1 970 ) . The i mportance of 

s tone s i ze i n  re l a t i on to fl ow cond i ti ons  has  been noted ( Shear & 

Konasewi ch , 197 5 ;  Wh i tton , 1 97 5 )  ( See s ect i on 2 . 5 . 3 . 3 ) . The 

i nf l uence of the chemi ca l  compos i t i on of the substratum on the 

establ i shment and growth of benth i c  a l gae i s  a s  yet poor l y  under­
s tood . 

2 . 5 . 3 . 6  Summary 

The env i ronmenta l  factors respons i b l e  for control l i ng the growth 

and d i s tr i but i on of Cladophora have been cons i dered . Each  s pec i fi c  

pro l i fera t i on of Cladophora i s  on l y  made poss i b l e  by the correct 

combi nat i on of a l l these factors , together wi th  the p hys i ca l  
a ttri butes o f  the a l ga and i ts u n i que  l i fe cyc l e ( See  secti on  

2 . 5 . 4 ) . 

2 . 5 . 4  L i fe cyc l e  

The h i s tor i ca l  devel opmen t  o f  a r i ver s i te ,  i n  terms o f  f l u s h  
event s , stone s i ze ,  prev i ou s  CZadophora growth , wi l l  have a major 

bear i ng on i ts future a l ga l  product i on . Summer pro l i fera t i on s  

ar i se  from three major sources ( see f i gure 2 . 5 ) : 

( a )  The overwi nteri ng  f i l aments  and basa l  ho l dfast s  that  surv i ve 

i n  sma l l tri butar i e s  and we l l  s he l tered s pots  i n  the ma i n  
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r i ver , prov i ded wi nter f l oods are not exces s i ve .  ( B l um ,  1 982 ; 

C hudyba , 1 965 ; Wh i tton , 1 970 ) . 

( b )  Ak i netes ( mod i fi ed th i ck wa l l ed ce l l s ) formed dur i ng  a 

vari ety of adverse cond i t i ons , these can germi nate i nto 

vegetat i ve cel l s  u nder favourab l e c i rcumstances ( Mason , 

1 965 ; Whi tton , 1970) . Rap i d  vegetati ve growth can ar i se 

from both ( a )  and ( b ) when cond i t i ons a l l ow .  I n  turn , from 

these growths  some ce l l s  g i ve r i se , throughout the season to : 

( c )  Zoospores . These can be produced i n  mass i ve quant i t i es ( S ee 

sect i o n  2 . 5 . 3 . 1  a nd 2 . 5 . 3 . 2 ) , and sett l e on  submerged sub­

trates to  produce extens i ve pro l i ferat i ons from wh i ch more 

zoospores may ar i se . 

Each of the above stages i n  the l i fe cyc l e  p l ays a contr i butory ro l e  

to the format i o n  of l oti c Cladophora prol i ferat i ons . Upstream 

overwi nteri ng fi l aments and ak i netes deposi ted on  s tab l e  rocks  

and l ogs i n  shel tered areas are re spons i b l e  for i n i t i a t i ng spri ng/ 

summer vegeta t i ve growth . The numerou s zoospores produced , then 

beg i n col on i zat i on  of those bare su rfaces that have been scoured 
or exposed duri ng past f l u shes and h i gh wi nter fl ows . 

Th i s tota l l y  asexua l  l i fe cyc l e supports the content i on  by Graham 

( 1 982 ) that Cladophora glomerata, i n  adapti ng  from a mari ne  to a 

freshwater exi stence , has  l ost  the capac i ty for sexua l  recomb i na­

t i o n . The  reported observat i ons of a l ternati o n  of generat i ons  can  

be  attri bu ted to  the  d i ffi cu l ty of spec i e s taxonomy o� Cladophora 

due to morpho l og i ca l  p l ast i c i ty ( Shear & Konasewi ch , 1 975 ; 

Wh i tton , 1970 ) . Po l yp l oidy ( ce l l s  conta i n i ng more than  two compl ete 

sets of homo l ogou s chromosomes )  has  been observed i n  Cladophora , 

and th i s i s  thought  to parti a l l y  offset the l os s  of genet i c var i a ­

b i l i ty that occurs when sexua l  recomb i nat i on  i s  a bsent .  ( Graham , 1 982 ) 

2 . 5 . 5  B i omass  and i ts measurement 

Cladophora occurs pr imari l y  a ttached to stab l e substrate , however 
a port i o n  of the b i omass  can become free f l oati ng ( deta ched from the 

substrate ) , especi a l l y  dur i ng f l ow i ncreases . 
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Figure 2. 5 The l i fe cycl e of CZadophora i n  the Manawatu R i ve r .  
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A vari ety of methods have been u sed to e s t ima te the quant i ty of 

a ttached Cladopho�a i n  l en t i c  and l ot i c  s i tuat i on s ,  i nc l ud i ng per­

centage cover , c h l orophyl l a ,  f i l ament l ength , wet we i ght , dry 

wei g h t ,  a s h-free dry wei ght  and b i o -vo l ume .  ( Carnes & Mi l l ner , 

1 980 ; Manta i , 1978 ; SWA , 1 981 ; Wh i tton , 1970 ) . 

These numerou s techn i ques  often make compari sons  d i ffi cu l t  and 

even when one techn i que , nota b l y  dry we i g ht , i s  cons i dered there 

i s  s ti l l  con s i derab l e scope for methodo l og i ca l  var i at i ons  ( See 

append i x  4 ) . The contag i ous ( random c l umped ) d i str i but i on of 

peri phyton has been wi de l y  recorded and presents  obv i ou s  sampl i ng 

probl ems for accurate l y  and prec i se l y  e st ima t i ng  b i oma s s  e spec i a l l y  
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a t  l ow den s i t i es  ( Chudyba , 1 965 ; Fri etzon , 1 980 ; Man ta i e t  aZ�  1982 ; 
P i tca i rn & Hawkes , 1973 ; Wong & C l ark , 1 979 ; Wong et a Z� 1 979 ) . 

Some pu bl i shed data on dry we i ght  b i omas s  i n  l a kes and r i vers 

are presented i n  tab l e 2 . 4 .  

The summer promi nence of Cladopho�a observed wor l dwi de has  been 

attri buted to the comb i nat i on of the i dea l phys i co -chemi ca l con­

d i t i ons , genera l warmi ng a nd i ncreased i n so l a t i on ( Cana l e  et al�  

1982 ; Storr & Sweeney , 1971 ) .  However , there i s  s ti l l  some d i s pu te 
about the rea sons for the reported autumn decl i nes  ( See secti on 

2 . 5 . 3 ) . H i gher temperatu res that i ncrease da i l y  resp i rat i on to 

rates that are grea ter than the gros s  photosynthes i s  have been 

c i ted as a cause of senescence of Cladopho�a ( Graham et al� 1982 ; 

Lorenz & Herdendorf , 1 982 ) . A l so , d i atoms have been suspected of 

cau s i ng enhanced s l ough i ng-off as  a con sequence of thei r p hys i ca l  

b i omas s  accrua l  on the  Cladopho�a fi l aments and  competi t i on for 

nutr i ents  ( Stevenson & Stoermer , 1 982 ) . 

The amoun t  of free-fl oati ng f i l aments  can const i tute a maj or porti o n  

o f  a total  r i ver Cladopho�a popu l at i on . T o  date , there have been 

few s tud i es that quanti fy th i s h i g h l y  vari a b l e paramete r .  In a 

number of Canad i an r i vers an  average b i oma s s  of  3 . 5  kg fres h  

we i ght  was found t o  b e  trapped by a 1 m2 wi re screen su spended 

verti ca l l y  i n  the f l ow for s i x  hours  ( Wong & C l ark , 1976 ) . I n  Lake 
Huron a s l ough i ng rate of 0 . 1 day -l was commonl y  observed , compared 

to a maxi mum net spec i fi c  qrowth rate of 0.7 day - 1 . ( Auer & 
Canal e ,  1 980 ) . 
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TABLE  2 . 4 :  Exam�l es  of Cladop_hora b i  amas s  dens i ti: i n  l a kes and 

r i vers 

B i  amas s  g D�J m -2 S i tuat i on and Locat i on Reference 

5 -75  R i vers U . K . P i tca i rn & Hawkes , 1 973 
1 0- 100  Ri vers U . S . A .  Pfe i fer & McDi ffet ,  1 975  

500  max . Lake Ontar i o Can . /U . S . A .  Shear & Konasewi ch , 1 975  
1 48 av . R i vers U . K . Butcher , 1 937 

1 000 max . ( c i ted by Wh i tton , 1 970 )  
43 1 av . Lake Eri e U . S . A .  Ne i l  & J ackson , 1 982 
982 max . 

2 1 6  max . Ri ver Wear U . K . Wh i tton , 1 970 

2 . 6  Nu tr i ent Ava i l ab i l i ty Tests 

2 . 6 . 1 I ntroducti on 

Nu tr i ent  ava i l ab i l i ty tests ( NATs )  have been u sed to eva l uate the 

amount  of a parti cu l ar nutri ent , or nutri ents , ava i l ab l e to aquati c 

p l ants  i n  a water sampl e ,  or to assess  the nutr i t i ona l sta tu s  of 

in si tu pl ants  ( APHA , 1 975 ) . I n  the l atter case a vari ety of  

techn i ques  have been common l y  u sed for d i fferent nutr i ents . 
( F i tzgera l d  & Nel son , 1 966 ; Fi tzgera l d ,  1 969a ; Gerl off & S koog , 

1 954 ; Gerl off & Krombho l z ,  1 966 ; Hea l ey ,  1 973a ) . These d i ffer 

i n  the i r a b i l i t i es to descri be s hort or l ong term changes i n  the 

nutri t i ona l statu s of a l ga l  cel l s .  

The i nterpretati on of these NATs  i nvol ves two maj or a s sumpti ons : 

( a )  The resu l t  i s  not affected by other nu tr i t i onal  and env i ronmental 
vari at i ons :  Wh i l e  i t  has  been shown that these NATs are 
rel i ab l e i nd i cators of nutri ent l i mi tat i on  a nd surp l u s  ( Hea l ey 

& Henze l , 1 979  & 1 980 ) , the magn i tude of va l ues  can be 

affected by other factors such a s  temperature , l i gh t  i nten s i ty 

and the concentra t i on of other nutri ents . ( Laws & 
Bann i s ter , 1 980 ; Maddox & Jones , 1 964 ; Na l ewaj ko & Lee , 1 980 ; 
Senft , 1 978 � Stewart & Wetze l , 1982 ) ( See secti on 4 e . g .  f i gures 

4 . 3 ,  4 . 6  and 4 . 9 ) 
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( b ) The was hed CZadophora fi e l d samp l e g i ves a NAT response 

i nd i cat i ve of i ts r i ver s i tu a t i on . The pre-washed macroscop­

i ca l l y  • c l ean • se l ected samp l e s often had sma l l quanti t i e s  of 

mi crosco p i c  ep i phytes a nd a s soci ated debri s .  ( See sect i on  6 . 4) .  

Th i s  i nvesti gati on concentrated on the cond i t i on of the 

CZadophora fi l aments  ( i n  re l at i on to the r i ver nutr i ents ) 

as  opposed to the who l e a s semb l age . The i mportance of a ny 

host-ep i p hyte i nteracti on wi l l  be reduced i n  an  a s sembl age 
that con s i sts  l arge l y  of you ng , rap i d l y  growi ng , and thu s 

re l at i ve l y  • c l ean • , CZadophora fi l aments . ( S tevenson & 
Stoermer , 1982 ) . As the growth rate of the CZadophora 

decreases  wi th the onset of  autumn ( reduced ava i l ab l e l i ght , 

and l ower temperatures ) the ep i phyte popu l at i on  appeared more 

ab l e to co l on i ze the f i l aments and thu s can become more 

important i n  i nf l uenc i ng the nutri t i ona l statu s  of the u nder­

l yi ng CZadophora fi l aments . ( F i tzgera l d ,  1 969b ; Stevenson & 
Stoermer , 1982 ) . 

2 . 6 . 2  Phosphoru s 

2 . 6 . 2 . 1  Tota l T i ssue  Phosphoru s (TT P )  

The tota l phosphoru s ( P )  found i n  a l ga l  t i ssue  i s  an  i nd i cat i on  o f  

the externa l  P that ha s been ava i l ab l e over pro l onged growth 

peri od s .  ( Gerl off & Krombhol z ,  1 966 ; Gerl off & Skoog , 1954 ) . The 

three fu ncti onal  components of TTP are i l l u s trated i n  f i gure 2 . 6  

and deta i l ed a s  fo l l ows : -

( a )  The s tructural components are requ i red to ma i nta i n  the i ntegr i ty 

and v i ab i l i ty of  the a l ga and wi l l  i nc l ude DNA-P and membrane 

l i p i d -P .  When the i nterna l  P cons i sts  of structura l P on l y ,  

the growth rate wi l l  be zero . T h i s concentrati on i s  defi ned 

as  the cri t i ca l  TTP concentrat i on  ( Q0 i n  f i g .  2 . 6 ) . The 
genera l l y  accepted cri t i ca l  TTP concentrat i on  for CZadophora 

i s  0 . 05 - 0 . 06% P ( Au er & Cana l e ,  1 982a ; Gerl off & Fi tzgera l d ,  

1 976 ) ( See tab l e 2 . 5 )  

( b )  The funct iona l  components , such  a s  phosphory l ated 

i ntermed i ates and RNA - P ,  are i nvo l ved i n  the ce l l s  

metabo l i c  acti v i ti es . The s i ze  of  th i s functi ona l group 



F I GURE 2 . 6 :  The re l at i onsh ip between Tota l T i ssue  Phosphoru s 

( TTP ) and the spec i fi c  growth rate ( � )* 

( after Fu h s , 1969 )  

ttl c::: 0 
. ,... +J ttl u s... c::: ::J ::J +J lJ... u ::J s... 

...., 
(/) 

Q0 TTP 

*Q = mi n i mum or cri ti ca l  va l ue when �= o .  0 
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TABLE  2 . 5 :  Va l ues of Phosphoru s Nutri ent  Ava i l a b i l i ty Tests for 

Cladophora a s soc i a ted wi th  a l i m i t i ng or surp l u s  

s i tuati on 

Nutr ient  
Act i v i ty or l evel  

Ava  i 1 ab i'l i ty 
a s soc i ated wi th  Reference 

Test  L im i tat i on Surpl u s  

TTP <0 . 06 >0 . 06 Gerl off & Fi tzgera l d  

( %  P )  < 0 . 16 >0 . 16 Wong & C l ark ( 1 976 ) 

<0 . 05 >0 . 05 Auer & Cana l e  ( 1 982a ) 

EP  <0 . 02 >0 . 02 Man ta i  e t  al , ( 1 982 ) 
( %  P )  <0 . 02 >0 . 02 L i n  ( 1 97 1 )  

PUR >6 <3  Auer & Cana l e  ( 1 982 b )  

( 1976 ) 

(�g P ( l Omg ) - 1 hr - 1 ) >1  < 1  Hea l ey & Hendze l ( 1 979 )  

APA 200 

( Enz . Un i ts mg-1 ) 

KEY : 

TTP = Tota l T i s sue Phosphoru s 

E P  = Extracti ve Phosphoru s 

PUR = Phosphoru s Uptake Rate 

APA = A l ka l i ne Phosphatase  Act i v i ty 

20 Manta i ( 1 978 ) 



wi l l  have the major  i nfl uence on the growth rate ( � ) . 
( c )  The s torage compounds ,  of pol yphosphates , are produced when 

the demand for i n i t i a l structural  and functi ona l compounds has 
been sati sfi ed . 

The rel at i ons h i p between the TTP and the growth rate ha s recei ved 

much a ttent i on ( Ah l gren , 1 980 ; Auer & Cana l e ,  1 982b ; Droop , 

1 973 ; Fu h s , 1 969 ; Gotham & Rhee , 1 981 ) and the hyperbo l i c  curve 

i l l u strated i n  f i gure 2 . 6 i s  u sua l l y  des i gnated the Droop funct i on 
( Droop , 1 973 ) and descri bed mathemati ca l l y  a s  fo l l ows : -

� = � ( Q 
-

Qo ) ( 2 . 1 1 )  m Q 
� = s pec i f i c  growth rate ( d ay- 1 ) 

�m = Max imum spec i f i c  growth rate ( day- 1 ) 

Q = Tota l T i s sue Phosphoru s ( TTP )  ( %  P )  

Q0 = Cri t i ca l  TTP ( %  P )  

Thu s , a s  Q approache� Q0 then � wi l l  effecti ve l y drop to zero , and 

a s  Q i ncreased above Q0, w  approached Wm · 

The ecol ogi ca l  con sequence of the hyperbol i c  s hape of f i gure 2 . 6  

i s  that a h i gh growth rate i s  ma i nta i ned for a s  l ong a s  pos s i b l e  i n  

the face of dwi nd l i ng TTP cau sed by a l ack of ava i l a bl e external  

P .  The i nfl uence of external  P i s  d i scu s sed i n  secti on 2 . 6 . 2 . 3 

2 . 6 . 2 . 2  Extracti ve Phosphoru s ( EP )  

4 0  

A l gae can store P beyond the stri ct  nutr i t i ona l req u i rements o f  the 

s pec i es . Th i s  P i s  stored as po l yphosphate compounds wh i ch are u sed 

a s  a bas i c P store dur i ng norma l metabol i c  act i v i t i es  as wel l a s  

be i ng a supp l y i n  t imes  o f  externa l P scarci ty ( Ku h l , 1974 ) . T h i s 
surpl u s  can be est i mated by a standard m i l d  extracti ve tec hn i qu e  

( See sec t i on 3 . 6 . 1 )  ( F i tzgera l d  & Nel son , 1 966 ) . I t  s hou l d  be 

remembered that EP  i s  on l y  a n  est imat i on of: the s torage or  surpl u s  

P , and wi l l  i nc l ude porti on s  o f  both the funct i onal  and structura l 

components . I t  s hou l d  not be confu sed wi th the actua l  surp l u s  

component i l l u strated i n  f i gure 2 . 6 .  However ,  the E P  has  been shown 

to be a re l i ab l e  quant i tat i ve measure for a s se s s i ng P l i m i tati on 

( Fi tzgeral d  & Nel son , 1 966 ; Gotham & Rhee , 1 981 ; L i n ,  1 977 ) . The 
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d i st i nct i on shou l d  be made between the EP  and the actua l  surpl u s  P 

i n  the a l ga l  ce l l . The E P  does not drop to zero a t  zero growth rate , 

due to E P  i nc l ud i ng some of the structu ra l P ( see fi gure 2 . 6 )  ( Fu h s , 

1 969 ; Rhee , 1973 ) . The mi � i mum E P , denoted EP0 i n  f i gure 2 . 7  i s  

ana l ogou s to the cr i t i ca l  TTP or Q0 , and wh i l e  the theoret i ca l  

surp l u s  port i on of the  TTP  i s  zero the  EP  test s t i l l  g i ves  the 

genera l l y  accepted mi n i mum va l ue of 0 . 02 % P (L i n ,  1 971 ; Manta i et al 

1 982 } ( S ee t abl e 2 . 5 ) . 

2 . 6 . 2 . 3  Phosphoru s Uptake Rate ( PUR )  

I f  the TTP i s  depl eted a l gae wi l l  compensate by i ncrea s i ng the PUR 

to restore supp l i e s and ma i n ta i n  h i gh growth rates ( See sec t i o n  

2 . 6 . 2 . 1 ,  f i gure 2 . 9  and equat i ons 2 . 1 1 and 2 . 1 2 ) . The P U R  wi l l  

then be contro l l ed by two sys tems , i l l u s trated be l ow : -

F I GURE 2 . 8 :  The factors control l i ng the phosphoru s u pta ke ki net i cs  

( after Auer & Cana l e ,  1 982a ) . 

Ava i l ab l e 
p 

Phosphoru s 
Uptake 
Ra te ( p )  ...... 

Q 
( TTP )  

� -
I 

- - -. 
I 

I l 
I I I I 
!_ _ _ _ _ _ _ _ _ _ _ _ _ _ j 

Feedback affect 

Thu s , the PUR ( p ) i s  governed by two quanti t i es : ­

( a )  The TTP ( Q )  through  the fo l l owi ng  equ a t i on : ­
( after D i Toro , 1 980 ) 

p = p m 

...... -
Demand for 
Growth 

( 2 . 12 )  

Kq = Ha l f-satu rat i on  con stant  for uptake a s  a funct i on Q 

( See f i gure 2 . 9 )  
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Figure 2 .  7 The rel ati onsh ip  between Extracti ve P hosphoru s ( EP) 
and the spec i fi c growth rate ( � ) . ( After Rhee , 

1974 ) . 

E �  

*where EP  = mi n i mum or cr i t i ca l  0 
va l ue ( anal ogous to Q0 ) 

EP 
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Thu s , a s  Q + Q0 , p + Pm 

and , a s  Q + Qmax ' P + Pmi n .  
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The TTP i s  more common l y  mon i tored than EP as the TTP ,  i n  contrast  

to  the EP , i s  a we l l  defi ned b i o l og i ca l  quanti ty and there i s  a 

l a rge body of comparab l e h i stor i ca l  data . 

( b ) The ava i l ab l e external  P through  the fo l l owi ng equati on : ­

p P = �m ( k + P m 

P = Externa l  avai l a b l e P 

( 2 . 13 )  

k = ha l f-saturat i on constant for u ptake a s  a funct i on of m 
externa l ava i l a b l e P ( See f i gure 2 . 1 0 ) . 

Thu s , a s  P + oo ,  p + �m 

and , a s  P + o ,  p + o 

The shape of the curve i l l u s trated i n  fi gure 2 . 1 0 vari es  dramat i ca l l y  

between a l ga l  spec i e s . The k i ne t i c  coeffi c i ents , Pm and km , wi l l  

govern i nterspec i es nutri ent  competi t i on and can a l ter wi th  the 

phys i o l og i ca l  s tate of the spec i es . ( For a more deta i l ed d i scu s s i on 

of the ecol og i ca l  consequences of var i ou s  P m  and km comb i nati ons  
see : - Auer & Cana l e ,  1 982b ; Na l ewaj ko & Lean , 1 980 ; Rosemari n ,  

1 982 ) . Comb i n i ng equat i on s  2 . 1 2 and 2 . 13 the fo l l owi ng re su l ts : ­

( Auer & Cana l e ,  1 982a ) 

P = Pm [ ( k p+ P ) 
m 

( 2 . 14 )  

Thu s the two factors , external  ava i l a b l e P and TTP are comb i ned . A 

max i mum va l ue of the PUR wi l l  be ach i eved when externa l  ava i l ab l e 

P i s  a t  a max i mum and TTP a pproaches the cri t i ca l  concentrat i on . A 

m i n i mum PUR wi l l  occur a t  h i g h  TTP . 

The Phosphoru s Upta ke Rate ( PUR )  ha s been s hown to be a funct i on  of  
the EP  a s  i l l u strated i n  f i gure 2 . 1 1� s i mi l ar rel at i ons h i p to that  

dep i cted i n  f i gure 2 . 9  for  PUR and TTP ) . 

I t  i s  not practi ca l  to i denti fy a cri t i c a l  PUR , however , va l ues  

( ) -1 - 1 d greater than a pprox i ma te l y  6 �g P lOmg . hr have been i ent i f i ed 
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Fi gure 2 .  9 Th e re l a ti ons h i p  between the P hosphoru s Uptake Rate ( PU R ). 

and the Tota l T i ssue P hosphoru s ( TTP) 

( after Auer & Cana l e ,  1 982 b )  
(f. . . . . . . 

· · · · · · · · · ·  

PUR  ( p ) 
p � C>O 

Oo TTP ( Q )  

Figure 2 . 1 0 Th e  re l a ti onsh i p between P hos phoru s Uptake Rate ( PUR )  and the 

externa l  ava i l a bl e Phosp horu s ( P ) ( after Auer & Canal e ,  1 982 b )  

;: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  --�- - �· . ........ . ,.._. ---

P UR 
( p ) 

p 



PUR 

F igure 2 . 1 1 The rel a t i onsh ip between Extracti ve Phosphoru s 

( E P )  and the Phosphoru s  Uptake Rate ( PUR )  

( After Gotham & Rhee , 1 981 ) 

EP  
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a s  a s soc i ated wi th  P l i m i tat i on i n  Cladophora and act i v i t i es l es s  

than 3 �g  P ( 1 0 mg ) - 1 hr- 1 a s soc i ated wi th  surp l u s  ava i l ab l e P .  

( Auer & Cana l e ,  1982 b )  ( See tab l e  2 . 5 ) . 
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I n  any d i scu s s i on of a l ga l  P uptake dynami c s, account  s hou l d  be taken 

of the excre t i on ( effl ux  or l ea kage ) of P compound s from the cel l .  

( Brown & Harri s ,  1 978 ; Law et  al�  1 976 ) . The phenomenon of organ i c 

P excret i on has  been observed i n  some fre shwater and mar i ne phytopl ankton . 

The rate of D i sso l ved Organ i c P ( DOP ) excreti on has  been observed to 

be proport i onal  to l i gh t  i nten s i ty and the age of  some a l gae . P 

l i m i tat i on wa s seen to reduce DOP excret i on i n  some spec i e s whi l e  

i n  others n i trogen l i m i tat i on cau sed reduct i ons  i n  DOP excreti on .  

( Kuenz l e r ,  1 97 0 ;  Lean & Na l ewaj ko , 1976 ) . Pub l i s hed s tud i es  have 

concentrated on i dent i fyi ng the phenomena casua l  re l at i onsh i ps ,  

however ,  i t  has  been noted that the rate of DOP excret i on can be 

as much as 1 0% of the ( net )  PUR .  No s tud i e s on the quanti tat i ve 

re l at i onsh i p between the rate of a l ga l  DOP excreti on and the TTP 

appear to have been reported , but two bas i c  re l at i ons h i ps  are 

recogni zed : ( Lean & Na l ewaj ko , 1976 ) : -

( a )  When TTP equa l s  Q0 , excreti on of DOP ( E )  wi l l  be zero . 

( b ) When TTP i ncreases , E wi l l  a l so i ncrease . A max i mum may be 

reached at the max i mum TTP concentrat i on . 

2 . 6 . 2 . 4 A l ka l i ne Phosphatase Act i v i ty ( APA ) 

Many a l gae are known to have repres s i b l e  phosphatase enzymes a b l e 

to hydrol yse P from exogenou s P esters when growth i s  l i m i ted by 

the extern a l  P supp l y .  A l gae that are P l i mi ted have been observed 

to have 25 -30  ti mes  more A l ka l i ne Phosphatase  Act i v i ty ( APA ) than 

a l gae wi th  surpl u s  externa l avai l ab l e  P ( Fi tzgera l d  & Ne l son , 1 966 ; 

Kuenz l er & Perra s , 1 965 ) ( See tab l e 2 . 5 ) . Thus  h i gh  APA wi l l  be 
i nd i cat i ve of a pas t  P s hortage ( See sect i on 4 . 3 ) . E l evated APA 

can pers i st for 1 -3 days after a P l i m i t i ng s i tuat i on has  been 

re l i eved . ( Hea l ey ,  1 973b ; Manta i , 1 978 ) . Leve l s of APA around 

200 Enz . Un i ts mg-1 have been i denti f i ed i n  Cladophora duri ng P 

shortage . A surpl u s  P envi ronment usua l l y  produces APA of approx i ­

matel y  20  Enz . Un i ts  mg-1 ( Manta i , 1 978; Mantai  e t  al �  1 982 ) 



An i mportant  feature of th i s P NAT i s  that  a s  i t  i s  not u nder the 

control  of any i nterna l  P component , any re l at i on s h i p between TTP , 

E P  or PUR  and APA i s  on l y  due to a l l the parameters bei ng l i n ked 

to the supp l y of externa l  ava i l a b l e  P .  ( cf Hea l ey ,  1 973 b )  ( Bone , 

1 97 1 ; Hea l ey & Hendze l , 1979 ) . H i gh APA i s  not ha l ted by product 

i n h i b i t i on . The add i t i on of orthophosphate to a P- l i mi ted a l ga 

wi l l  stop further synthe s i s but e l evated APA wi l l  on l y  be l owered 
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as the growth of the a l ga d i l utes  the acti v i ty ( F i tzgera l d  & Nel son , 

1966 ) ( Laboratory conti nuou s cu l tures wi l l  a l so l ose some of the 

h i gh  APA a l ga } . 

The s l ow re sponse of the APA to a re l i ef from a P- l i mi t i ng s i tu a t i on , 

re l at i ve to the s peed of the re sponse to a P- l imi t i ng s i tu a t i on , wi l l  

have importan t  consequences for i nterpretat i on of f i e l d  data . 
( See sec t i on 4 . 3 ) . 

2 . 6 . 3 N i trogen 

2 . 6 . 3 . 1  Tota l Ti s sue N i trogen ( TTN ) 

Ana l ogou s to TTP , th i s test i nd i cates the n i trogen ( N )  that has  

been avai l ab l e to  the a l ga .  There i s  a l so  a cr i t i ca l  concentra ti on 
be l ow wh i c h growth wi l l  be l i m i ted by the n i trogen su pp l y .  ( Gerl off 

& Skoog , 1 954 ) ( See tab l e 2 . 6 ) . I n  contrast  to P ,  N i s  not stored 
i n  i so l ated structures , rather i t  i s  d i s tri bu ted between free ami no 

aci d s , and the ami no ac i d  compos i t i on of a l ga l  pepti des and prote i n 

( Morri s ,  1974 ) . 

Dur i ng N - l imi tat i on the proporti on of these two major components 

changes , free ami no ac i d s  decreas i ng to a l l ow more of the N to be 

i nvol ved i n  s tructural  and funct i onal  components . ( Ma s ke , 1 982 ) 
The growth rate i s  a funct i on  of the TTN , and fo l l ows the Droop 

formu l a  as d i scu s sed i n  sec t i o n  2 . 6 . 2 . 1 .  ( See equat ion  2 . 1 1 and 

f i gure 2 . 6 )  ( Go l dman & McCarthy , 1978 ) . 

2 . 6 . 3 . 2  Ammon i um Absorpti on Rate ( AAR ) 

The rate a t  whi ch ammon i um N i s  a s s i mi l a ted i s  4-5 t i mes  greater 

i n  a l gae that are N - l i mi ted than i n  a l gae wi th  an adequate 
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n i trogen supp l y .  ( F i tzgera l d ,  1 968 ) ( See tab l e 2 . 6 ) . The Ammoni um 

Absorpti on { Uptake ) Rate ( AAR ) i s  ana l ogou s to the PUR and s i mi l ar 

re l at i on s h i p s  between AAR and ammoni um N and PUR and externa l 

ava i l ab l e P have been documented ( Whee l er e t  al ,  1 982 ) . A l i near 

re l at i ons h i p has  been observed between AAR and the TTN for a mar i ne 

d i atom ( Go l dman & McCarthy , 1 978 )  ( cf f i gure 2 . 9 ) wherea s ,  i n  other 

�gae the re l at i ons h i p appears to fo l l ow that  outl i ned i n  f i gure 

2 . 9 . ( Whee l er e t  al,  1 982 ) . 

TABL E  2 . 6 :  Va l ue s  of N i trogen Nutr i ent  Ava i l ab l e  Te sts  for 

Cladophora a s soci ated wi th  a l i mi t i ng or s urp l u s  

s i tuat i on . 

NAT 

TTN 
( %  N )  

AAR 1 1 { �gN { 1 0mg ) - hr- ) 

Act i v i ty or Level  
a s soc i a ted wi th  Reference 

L i mi tat i on Surp l u s  

< 1 . 1  > 1 . 1  Gerl off & F i tzgera l d  

25  5 F i tzgera l d  ( 1 969a )  

KEY : TTN = Total  T i ssue N i trogen 
AAR = Ammon i um Absorpti on Rate 

2 . 7  Chemi ca l  es t imat i ons of bi o l ogi ca l l y  a.va i l ab l e nu tri ents  

2 . 7 . 1  Phosphoru s 

( 1 976 ) 

Orthophosphate P ( P04-P )  i s  the onl y P form d i rec t l y  a s s i mi l a ted by 

a l gae ( Lean , 1 973 ; Sonzogn i  e t  al� 1982 ) . D i sso l ved react i ve phosphoru s  

( DRP ) i s  common l y  u sed a s  a n  e st imate o f  the P04-P .  ( APHA , 1 975 ; 

Sta i nton , 1 980 ) ( See secti on 2 . 5 . 3 . 4 )  However ,  there are two major 

prob l ems i nvo l ved i n  rel a t i ng an  a l ga l  growth response to  the  DRP 

of a water s ampl e .  

( a )  The DRP ana l ys i s :  

Thi s i nvol ves a n  ac i d hydrol ys i s that re l ea se s  P04-P from some 

organ i c  P compounds .  Thus  the DRP wi l l  often overe s t i ma te the 

i mmedi ate l y  ava i l ab l e P04-P in  a natu ral  water samp l e ( Oowne s  

& Paerl , 1 978 ; Sta i nton , 1 980 ) . 
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Most DRP ana l yt i ca l  method s  do not i nc l ude any recommendat i ons  on  

the  s ampl e vol ume or fi l trati on pre ssure . Large samp l e  vol umes 

and h i gh f i l trat i on  pre ssures  may i ntroduce s i gn i fi cant errors . 
( Tarapchak  et a Z� 1982 ) ( See secti on 3 . 5 )  

( b ) The transformat i on of P compounds : 

There i s  a fl ux between vari ous P forms i n  natu ra l  waters , 

med i ated by chemi c a l  and b i ol ogi ca l  mechan i sms . T he sed i ments , 

attached b i ota and p l an kton of aquati c  systems wi l l  a l l have 

a ro l e  i n  the u ptake , re l ease  and tran sformat i on P compound s .  

One potenti a l l y  i mportant tran sformat i on i s  the hydro l ys i s of  

organ i c -P compounds med i ated by repre ss i b l e  a l ga l  and  bacter i a l  

phosphatases produced i n  res ponse to a l ack o f  P04-P .  

( See  s ect i on 2 . 6 . 2 ) 

Th i s phenomenon can cause i n terpreti ve d i ffi cu l t i e s  when the 

quanti ty of  b i o l og i ca l l y  avai l ab l e  P present i n  a te st  med i um i s  

bei ng a s se s sed wi th a standard i sed b i oas say procedure . ( APHA , 

1975 ) . Some P may on l y  become avai l a b l e fo l l owi ng transformat i ons  

occurri ng dur i ng the  te st peri od of  the  b i oas say .  ( Twi nch & Breen , 

1982 ) 

2 . 7 . 2  N i trogen 

There are s i mi l ar i nterpreti ve d i ffi c u l t i es i nvo l ved i n  tryi ng to 

reconc i l e  N s pec i e s  wi th  bi o l ogi ca l ly  avai l ab l e n i trogen . The D I N  
est i mates mea sure the maj or porti on o f  e a s i l y  a s s i mi l ated N compounds  

i n  freshwaters . Other n i trogen compounds that can be a s s i mi l a ted 

by many a l gae , such  as ami de s ,  ami no aci d s ,  pur i ne s  and pyri mi d i nes 

are u sua l l y  quanti tat i ve l y  l es s  i mportant i n  we l l  oxygenated runn i ng 
water .  ( McCarthy ,  1 980 ; �1orri s ,  1974 ;  S tumm & Morgan , 1 981 ) . 

The transforma t i on of  d i s so l ved organ i c  n i trogen compounds can 

a l ter the tota l avai l ab l e  N i n  a s i mi l ar fas h i on to the P s i tuat i on 
( Morri s ,  1974 ; Twi nch  & Breen , 1982 ) . 

2 . 8  Genera l conc l u s i offi drawn from the l i terature rev i ew 

The s a l i ent features of th i s survey are n oted a s  fol l ows : -

( i ) CZadophora prol i ferat i ons  have been reported worl dwi de i n  

both l ot i c  and l en t i c  envi ronments , and have been 



respons i b l e  for many water qua l i ty and water u se prob l ems . 

( i i )  The un i que l i fe h i story and phys i ca l  attri bu tes of 

Cladophora are una l terab l e facts that enabl e i t  to be a 
succes sfu l opportu n i s t .  

( i i i ) There are a vari ety of env i ronmenta l factors that are 

i nvol ved i n  establ i sh i ng pro l i ferati ons . Of a l l the 

nutr i ents  i nvesti gate� phosphoru s wa s most frequentl y  c i ted 

a s  b l ameworthy . 

( i v )  Nutr i ent  Ava i l a b i l i ty Tests  can be u sed to d i rectl y a s sess  

the  nutr i t i ona l  statu s of Cladophora . These can  be u sed 
to test hypotheses made on the ba s i s of ri ver nutr i ent 

concentrati ons . 
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CHAPTER 3 

METHODS 



5 1  

3 .  METHODS 

3 . 1  A lga l  i denti fi ca t i on 

The domi nant a l ga i n  the Manawatu Ri ver wa s i den t i f i ed as Cladophora 

g lomerata (L . J  Kutz u s i ng the fo l l owi ng cri teri a :  

( a )  Bas i c keys of  Pa l mer ( 1980 ) and Pre scott ( 1970 ) . 

( b )  Deta i l ed keys of  Van den Hoek ( 1963 ) and Soderstrom ( 1963 ) . 

( c )  Observat i on o f  t he zoospore morphol ogy ( Van  den Hoek , 1963 ) . 

( d )  Compari son wi th  photographs i n  the l i tera ture ( e . g .  Be l l i s ,  

1968 ; Chudyba , 1965 ; Dean , 1966 ; Moore & Traqua i r , 1976 ; 

P i tcai rn & Hawkes ,  1973 ; Scott & B u l l ock , 1975 ) . 

( e )  Compari son w i t h  a l aboratory cu l tured samp l ed provi ded by the 

cu l tu re centre for Al gae and Protozoa Cambri dge ( U . K . ) 

C. g lomerata i s  a h i gh l y branched fi l amentous green a l ga usua l l y  

found growi ng attached to s tab l e sub strate , b u t  f i l aments  can be 

s l oughed-off and become free-fl oati ng . The tha l l us i s  coenocyt i c ,  

mu l t i nuc l eate and the  c h l oropl ast  i s  pre sent a s  a reti c u l ate s hee t .  

The ce l l wa l l s  are th i c k  and l amel l ate wi thout any muci l a ge cover-
i n g  ( Hence the i r popu l ari ty wi th epi phyte s ) ( Append i x  1 ,  photograph  5 ) . 
Reproduct i on i s  by b i f l agel l ate  asexua l  zoospores . Vegetat i ve growth 

occurs both through ap i ca l  and i nterca l ary di v i s i on .  I denti fi cat i on  

to spec i es l evel , based on  morpho l ogy , can be  d i ffi cu l t  because of  t he 

h i gh l y  vari ab l e cel l d i men s i ons . "The phases i n  the  l i fe h i story 

of  p l ants growi ng i n  the  same l oca l i ty may s how an  extreme l y  d i fferent 

morpho l ogy , and vari ou s envi ronmental  cond i t i on s  may produce the i r  

own ecol ogi c a l  mod i fi cat i on s " .  ( Van den Hoek , 1963 ) . 

Other a l gae were i dent i fi ed on l y  to genus  l evel  u s i n g  t he  keys of  

Pa l mer  ( 1 980 ) and Prescott ( 1970 ) . 

3 . 2  Alga l  B i omas s  and d i stri buti on 

There are many tec hn i qu e s  avai l ab l e for measuri ng  a ttached a l ga l  b i omas s  

( Sl �deckov� , 1 962 ; Wetzel  & Wes t l ake , 196 9 ;  W h i tton , 1975 ) . These 
can be d i v i ded i nto  those  that sampl e the natu ra l  s ubstra te ( B l um ,  

195 7 ;  Carnes  & Mi l l ne r ,  1980 ; Dougl as , 1 958 ; Ert l , 1 97 1 ;  
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P i tcai rn & Hawkes , 1 973 ; Saunders & Eaton , 1 976 ) , and those that  

u ti l i ze arti f i c i a l  substrates such  a s  g l a s s , wood , s tone or  

p l ex i g l a s s  ( Au s t i n  et aZ�  1981 ; Castenhol z , 1 96 1 ; Cooke , 1 956 ; 

Grzenda & Brehmer , 1 960 ; Lowe & Ga l e ,  1 980 ; Marsha l l ,  1 97 8 ;  

S l �cl ecek & S l �decekov� 1 964 ; T i ppet , 1970 ) . A s  t hese  two s trateg i es 

have advantages and d i sadvantages both  were i nves ti gated . 

3 . 2 . 1 Arti fi c i a l  substrates 

Two types of arti f i c i a l  substrate were i nvesti gated : 

( a )  Cut stones : Large ri ver stones were cut  to produce s l i ce s  o f  

approx i mate s tandard mi croscope s l i de d i mens i on s  ( 75mm x 25mm 

x 2 -5mm) . These were f i xed to heavy sta i n l e s s  s tee l  s heets 

( approx i mate l y  1m x 0 . 3m ) , wh i ch were then su spended i n  the 

water col umn or p l aced on the r i ver bed . 

( b ) Concrete p l a tes : ( approx i mate l y 1 50mm x 1 00mm x 1 5mm ) were 

obtai ned that had un i forml y wri nk l ed a nd f i zzured surfaces , 

s i mi l ar to natural  ri ver substrate observed to support 

prol i f i c  Cladophora growth . These were d i str i buted i n  areas  

known to  su pport heavy pro l i ferat i ons . 

3 . 2 . 2  Natura l su bstrates 

The Cladophora were sampl ed u s i ng a random quadrat samp l i ng techn i ­

que ( B l um ,  1 957 ; Wood , 1 97 5 ) . Max i mum growth areas of a bou t 

100m2 were i denti fi ed and these were samp l ed u s i ng ten random throws 

of a 0 . 04m2 quadrat . The rati ona l e  for these cho i ces have been 

deta i l ed e l sewhere . ( Freeman & McFar l ane , I n  Pre s s )  ( Append i x 4 )  

3 . 2 . 3  Mea surement techn iques  

The frequency of samp l i ng was u sua l l y  week l y ,  however , when a l ga l  

growth was rap i d  th i s  i ncreased to twi ce week l y .  The a l ga l  materi a l  

or i g i na t i ng from the quadrat o r  the arti f i c i a l  substrate wa s e i ther 
scraped off in situ or , when the b i omas s  wa s m i n i ma l , f i r s t  

transferred to t he  bank v i a  a p l a s ti c bucket to ensure a l l t he  a l gae 

were col l ected . The col l ected a l gae were r i nsed wi th  tap  water a t  

the l aboratory and any v i s i b l e non -a l ga l  materi a l  wa s removed . A 

vari ety of b i omas s  mea surement parameters were con s i dered pr i or  to 

dry wei ght  bei ng se l ected { See sect i on 2 . 5 . 5 ) .  No  spec i a l  treatment 



of the a l gae was needed dur i ng the bri ef transport per i od between 

samp l i ng and process i ng ( max i mum t i me 2 hours ) .  The dryi ng temp­

erature u sed was 64°C .  A constant dry we i gh t  i s  not ach i eved at  

h i gher temperatures ,  due  to  the  l os s  of vo l at i l e  orga n i cs  ( Carnes 

& Mi l l ner , 1 980 ) . 

Free f l oat i ng fi l aments ( FFF )  of Cladophora were measured i n  a 
fas h i on s i mi l ar to that ou t l i ned by Wong & C l ark ( 1 976 ) . A square 

wi re frame ( 0 . 25 m2 ) wi th a wi re or p l a sti c mesh  ( d i ameter = 3mm ) 
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was pos i t i oned vert i ca l l y  i n  the ri ver f l ow for a per i od of  24 hours , 

after wh i ch the entangl ed f i l aments were co l l ected and dr i ed at  

64°C unti l con stant  we i ght  was ach i eved . 

The a l ga l  b i omass  removed from the screen was converted to a r i ver 

concentrat i on (mg DW m-3 ) ,  u s i ng the fo l l owi ng a s sumpti on s :  

( a )  The b i omas s  col l ected at the one po s i t i on i n  the r i ver was a n  

accurate representat i on of  the who l e  upstream ri ver . 

( b )  There wa s no d i urna l vari at i on i n  the s l ough i ng rate . 

A samp l e ca l cu l ati on u s i ng data co l l ected on 27 -28/3/83 i s  presented 

bel ow to demonstrate the method u sed : 

Rate of FFF capture = 27 . 3g ( 0 . 25 m2 ) - 1 ( 24 hours ) - 1 

( ) -2 ( ) - 1 verti ca l  area = 1 09 . 2  g DW m 24 hours 

-2 - 1 = 1 .  26 mg DW m s 

R i ver cross -secti onal area = 48m x 0 . 9m 

= 43 . 2  m2 

Mas s  f l ow of FFF - 1  = 43 . 2  x 1 . 26 mg OW s 

= 54 . 4  mg DW s - 1 

Average ri ver f l ow ( 27 -28/3/82 ) = 1 7 . 2  m3 s- 1 

Therefore average concentrat i on of  FFF = 54 · 4 

1 7 . 2 

-3 = 3 . 16 mg DW m 

The amount  of r i ver p hytop l ankton was measured per i od i ca l l y  by 

extracti ng the GF/C f i l tered materi a l , from a two l i tre samp l e of  



r i ver water , i n  warm methanol for a ch l orophyl l -a e s t i mat i on  

( Go l terman e t  al,  1978 ) . 
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The d i str i buti on of Cladophora and other peri phyton a l ong the 

Manawatu R i ver and some of  i ts tri butari es wa s i nvest i gated peri od ­

i ca l l y  on a semi -quanti tati ve ba s i s u s i ng a percentage cover sca l e  

s i mi l ar to that o f  Thomas & Schanz ( 1 976 ) ( Fi gure 3 . 1 )  

3 . 3  R i ver s i te characteri st i cs  

3 . 3 . 1  Phys i ca l  c haracteri st i cs 

Phys i ca l  characteri s t i c s  of the var i ou s s i tes were i mportant for 

two aspects of the study . Fi rst l y ,  so that the i mportance of 

var i ou s  l ot i c phys i ca l features to CZadophora devel opment  cou l d  

be recogn i zed , and second l y ,  so that s i ngl e s tat i on producti v i ty 

ana l ys i s cou l d  be performed ( Secti on 3 . 8 . 2 ) . The c haracteri s ti c s  

were measured a s  fo l l ows : 

( a )  Reach  Wi dth : T h i s wa s i n i t i a l l y  measured wi th  a l i ne ,  and 
stakes were then pos i ti oned to determi ne changes . 

( b )  Reach and S i te Current Ve l oc i ty :  The average reach ve l oc i t i es 
were e sti mated wi th  fl oats over a d i s tance of  200m , a 

convers i on factor of 0 . 7  was u sed to ca l cu l ate the bu l k  

vel oc i ty ( Hynes , 1 970 ; Wood , 1 975 ) . Spec i f i c  s i te current 

ve l oc i t i es , as wel l a s  checks on the average reach ve l oc i t i e s , 
were carri ed out  wi th pygmy current meter ( AOTT Kepton Meter ) . 

( c )  The da i l y  mean r i ver fl ow was prov i ded by the Manawatu Reg i ona l 

Water Board . Th i s  wa s measured wi th a permanent gaug i ng 

s tat i on , the rati ng curve ( i . e .  the re l a t i onsh i p  between gauge 

he i ght  and r i ver f l ow) of  wh i ch was checked wee k l y .  

( d )  T h e  average depth was ca l cu l ated u s i ng t h e  data from ( a )  - ( c ) , 

u s i ng the fol l owi ng equati on ( Hynes , 1970 ) : -

F = W X H X U ( 3 . 1 )  

where : F = R i ver f l ow ( m3 s - 1 ) 

w = Average reach w idth  (m )  

H = Average reach depth (m )  
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( m  S - 1 ) U = Average reach current  ve l oci ty 

Thu s , rearrang i ng equat i on ( 3 . 1 ) : -

F H =  WxO 
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( 3 . 2 ) 

( e )  The reaerat i on coeffi c i ent  ( k2 ) wa s ca l cu l a ted u s i ng the s i mp l e 

pred i ct i ve equ a t i on of O ' Connor and Dobb i ns  ( 1958 ) . 

k2 
= 3 . 74 u0 · 5 H - 1 · 5 ( ba se e ,  day-1 ) ( 3 . 3 )  

Thi s equat i on i s  s u i tab l e for a r i ver wi th  the l ow f l ow 

characteri st i c s  of  the Manawatu . ( W i l cock ,  1 982 ) . No account  

was made for the vari at i on of k2 wi th  temperature ( see Secti on 

3 . 8 . 2 ) . 

Wh i l e  there are moves to try and ma i nta i n  cons i s tency i n  the 

use of day- 1 a s  the un i ts  of expre s s i on for k2 , ( W i l cock , 1 982 ) 

for the purposes  of producti v i ty ana l ys i s i t  was expres sed a s  

hours - 1 . Equat i on ( 3 . 3 . ) wa s therefore mod i fi ed to : 
0 5 - 1  5 ( - 1 ) k2 = 0 . 1 56 U · H · base e ,  hours  ( 3 . 4 )  

Al l s i tes were s i tuated we l l  away from any banks i de trees  and 

throughou t the year were free from any shad i ng affects . No  s i gn i -
fi cant temperature d i fferences have been observed between the 3 upstream s i tes , 

when measured s i mu l taneou s l y .  

3 . 3 . 2  I nters i te sub strate compari son 

Th i s exerc i se wa s des i gned to expl ore the d i s tr i but i on of s tone 

s i ze s  at the three ma i n  s tudy s i te s . A random quadrat samp l i ng 

s trategy , s i mi l ar to that u sed for a l ga l  bi omas s  was u sed . ( See 

sect i on 3 . 2 . 3 ) . Each s i te was samp l ed by twe l ve random throws of  a 

0 . 04 m2 square quadra t .  Al l s tones greater than 1 cm average 

d i ameter found l yi ng on the surface i n  each throw were col l ected , 

the i r average d i ameter measured and each s tone counted i nto a s peci f i c 
s i ze c l a s s . The ar i thmeti c mean of  each c l a s s  was then u sed for 

ca l cu l at i on s  to a s sess  the tota l area presented , by each c l a s s . 

The stones were a s sumed to be f l a t  d i scs  wi t h  a rad i u s  of  h a l f the 

average d i ameter and the exposed area was ca l cu l a ted u s i ng the 



s i mp l e equat i on : -

Area = rr ( rad i u s ) 2 ( 3 . 5 ) 

Th i s i s  o bv i ou s l y  an  overs i mp l i cat i on of the real s i tuat i on , bu t 

neverthe l e s s  serves a s  a u sefu l ba s i s for an  i ntersi te compari son . 

3 . 4  L ight measurements  

L i ght  data were obtai ned from a var i e ty of  sources dur i ng the 

course of th i s study . The l ocat i on of each source and type of 

measurement  are deta i l ed be l ow : -
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( a )  Da i l y i ntegra l s ( Lang l eys d - 1 ) were mea sured a t  the Hort i c u l tura l 

Research Centre , Mi n i s try of Agri cu l ture & F i sheri es , Levi n approx i ­

mate l y  50km sou th -wes t  of Pa l merston North . 

( b ) Da i l y  i ntegra l s ( kW hours ) were measured by the P l ant  

Phys i o l ogy Di v i s i on ,  Departmen t  of  Sc i enti fi c and  I ndu stri a l  

Research , Pa l merston North . 

( c )  Da i l y  underwater i n tegra l s ( E m-2 d - 1 ) ( PAR ) were measured at  

30cm depth , 5m upstream of  s i te M .  The o utput from a quantum 

meter ( L I . COR L I  1858 Quantum/Rad i ometer/ Photometer )  was 

cont i nua l l y  recorded on a TOA E PR  200A c hart recorder . The 

i ntegra l was ca l cu l a ted wi th  the a i d  of a d i g i ta l  p l a n i meter 

( Hewl ett Packard H P  9825A) made ava i l ab l e by the So i l Conservat i on 

Sc i ence Centre , M i n i stry of Works  & Devel opment ,  Aokau tere . 

3 . 5  Ri ver nutri ents  

These were samp l ed pri mar i l y  a t  the three maj or s i tes T ,  D and M 

( See fi gure 1 . 2 )  u s i ng ac i d -c l eaned 2 1  p l ast i c conta i ners . Samp l e s  

were co l l ected a t  l ea s t  week l y  between  0800 a nd  1 000 hours . Each 

samp l e was co l l ected by wad i ng i n  as  c l ose  to the centre of the 

ri ver as  poss i b l e ,  and tak i ng a compos i te samp l e  of four 500 ml  

su b -samp l e s  over a one  mi nute peri od from a depth  of  approxi mate l y  
3 0  cm . 

Storage and preservati on techn i ques  vari ed duri ng  the s tudy depend i ng 
on the  s pec i fi c nutr i ents  be i ng exam i ned . When o n l y  tota l nutri ents  

were bei ng  ana lysed the s amp l es were preserved i mmed i atel y  by ac i d i ­

fi cati on wi th  1ml of concentrated su l phur i c ac i d .  When d i s so l ved 



nutr i ents  were be i ng mon i tored the samp l es were e i ther f i l tered 

on -s i te ,  u s i ng pre-washed 0 . 45 �m membrane fi l ters , or s tored on 

i ce u nt i l fi l teri ng  at the l aboratory . The vacuum pressure app l i ed 

dur i ng fi l tra t i on was a l ways l e s s  than 500mm Hg , and the  s amp l e 

vol ume u sed was u sua l l y  200m l . These quant i t i es  are s l i gh tl y  

h i gher than the recommended max i mum va l ues  of 300mm Hg and 1 00ml s .  

( Tarapchek et a l , 1 982 ) . The t i me between taki ng the f i rst  samp l e 

and proces s i ng at  the l aboratory was u sua l l y  two to three hou rs . 

3 . 5 . 1  Phosphoru s 

( a )  Tota l Phosphoru s ( TP )  

Th i s wa s i n i t i a l l y  ana l ysed u s i ng an  ammon i um persu l phate 

d i gest i on ( APHA , 1 97 5 )  and the resu l tant react i ve phosphate 
wa s est i mated u s i ng the method of MOWD , ( 1 980a ) based on that 

of Murphy & Ri l ey ( 1 962 ) . Duri ng the 1 98 1/82 season , the 

d i ge sti on  step wa s changed to one that a l l owed s i mu l taneou s 

determi nat ion  of both total  phos phoru s and n i trogen ( see 

Secti on  3 . 5 . 2 ) . 

( b ) Total  D i s so l ved and D i s so l vm Reacti ve Phosphorus ( TOP , DRP ) 

These components of the tota l phosphoru s are con s i dered by 

many to be the best practi ca l  i nd i cators of the phospho r u s  

avai l a b l e to a l gae ( Hea l ey ,  1 973b ; L i n ,  1 977 ; Wong & C l ark , 

1 976 and see Secti on 2 . 7 ) . 
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The TOP test i nvo l ves the persu l phate d i ge st i on step , deta i l ed 

above , bei ng carri ed ou t after fi l trat i on .  The resu l tant  

orthophosphate can  be  ana l ysed by the  mol ybdenum b l ue  method 
wi th  or  wi thout the add i t i on of hexanol extracti on for l ow 

phosphorus samp l e s . ( MOWD, 1 980a ) .  The DRP te st  s i mp l y 

i nvo l ves the a na l ys i s of the 0 . 45 �m f i l trate for react i ve 

phosphoru s . 

A l l g l a s sware a s soci ated wi th the phosphoru s tests wa s 

c l eaned wi th  50% ( v/ v )  H2so4 and wa s hed repeated l y  i n  

d i s ti l l ed -de i on i sed water before use . 



3 . 5 . 2  N i trogen 

( a )  Tota l N i trogen ( TN )  

Th i s  was i n i t i a l l y  ana l ysed by the method of So l oranzo & 
Sharp , ( 1 980 )  u s i ng an  a l ka l i ne pota s s i um persu l phate to 

ox i d i ze the vast  major i ty of n i trogen conta i n i ng compounds 

to n i trate . Compounds conta i n i ng N -N bond s ,  N=N bond s and 

NH=C groups  have been s hown to be resi stant to persu l phate 

oxi dat i on { Nyda h l , 1 978 ) . Th i s  method wa s mod i fi ed l ater 

i n  the study to be a bl e to a l l ow s i mu l taneou s TP and TN 

determi nat ions . The procedure fo l l owed was s i mi l ar to that 

deta i l ed by Langner & Hendri x ( 1 982 ) . The proces s  occurs 

i n  two stages : -

( i )  N i trogen i s  ox i d i zed i n  the i nt i a l l y  a l ka l i ne med i um .  

As the d i ge s ti on proceeds the resu l ti ng b i su l phate 

i ons  l ower the pH and permi t :  

( i i )  D i gesti on  of the phosphoru s -conta i n i ng compounds . 

Subsamp l es are neutra l i zed and ana l ysed for phosphate and 

n i trate . The re su l t i ng  n i trate was ana l ysed us i ng two 

cadm i um reducti on co l umns ( APHA , 1 97 5 )  

( b ) N i trate ( and N i tr i te )  
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In  the  1 982/83 season the  d i s so l ved i norgan i c  n i trogen spec i es  

were mon i tored . N i trate was ana l ysed a s  menti oned a bove , by 

reduct i on  to n i tri te ,  wh i ch wa s then determi ned by the 
su l phan i l i c ac i d/N . ( 1 -naphthyl ) -ethyl enedi ami ne d i hydroch l or ide  

method . ( APHA , 1975 ) 

Pre l i mi nary stud i es found that very l ow n i tri te l eve l s exi sted 
upstream of any d i scharges .  

( c )  Ammon i a 

Thi s was determ i ned by a mod i f i ed a l ka l i -phenol method , 

s en s i t i ve over a wi de  concentrat i on range ( MOWD , 1 980b ; 

Sche i ner , 1 976 ) . Samp l e s  col l ected from upstream of  the 

d i scharges were co l l ected a s  descri bed i n  secti on 3 . 5 ,  and down­

stream s amp l e s , co l l ected e i ther ' by hand ' or  wi th the a i d  of  a 

conti nuous automat i c  samp l er ( Mann i ng S4040 ) ( k i nd l y  l ent  by 
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the  M . R . W . B . ) ,  were preserved wi th  1ml cone . H2so41 2 1  sampl e .  

3 . 5 . 3  Qua l i ty a s surance of chemi ca l  methods 

Regu l ar ana l yses were carri ed out to gauge the accuracy and prec i s i on 

of the ba s i c  chem ica l  tests . 

The re su l ts of one season • s  checks  are presented i n  tabl e 3 . 1 .  

TABLE  3 . 1 : Qua l i ty assurance of analyti ca l  method s , 1 981/82 

Qual i ty Assurance 
descri pti on 

True ( Grav i metri c )  ( T ) 
Concentrat i on ( �g 1 - 1 ) 

Number of Measurewents  ( N )  
Mea sured mean 1 concentrat i on (X) ( �g 1 - ) 

Range 

S tandard Dev i at i on ( s )  

( JJg 1 - 1 ) 

Vari ati on Coeffi c i ent  ( % )  
Re l at i ve Error. { % )  

L i mi t of Detect i on ]lg 1 - 1 

DRP 

1 0 . 0  

20 

10 . 4  

8 . 7 - 13 . 0  

1 . 1  

2 . 5  
4 . 0  

1 . 5  

Vari at i on Coeffi c i ent  = S t .  Error -
X 

= ( s/ IN ) -
X 

Re l at i ve Error = /( T - XJ 2 

T 

N i trate 

200 

20 

1 90 

1 79- 200 

5 . 2  

0 . 6  
5 . 3  

2 . 0  

X 1 00 

X l OO 

100 

Ammon i a  

1 00 

20 

1 1 3  

95- 1 56 

16 

3 . 2  
1 1 . 5  

1 5  

( 3 . 6 )  

( 3 .  7 )  

The recovery effi c i en c i e s  o f  the tota l n i trogen and  tota l phosphorus 

test s  were tested u s i ng EDTA ( CH 2 . N ( CH2 . COOH ) CH2 . C00Na 2 . 2H20 )  and DL -0-
Phosphoseri ne ( NH2 . CH ( COOH ) . CH20 . P03H2 ) respect i ve l y .  These are 

deta i l ed i n  tabl e 3 . 2 : -
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TABL E  3 . 2 :  Accuracy and Prec i s i on of  n i trogen and phosphoru s  

dige sti on methods 

Recovery, accuracy EDTA DL -0 -Phosphoser i ne 
and prec i s i on N i trogen phosphoru s  

Concentrati on  200 200 

N or P ( �g l  - l ) 
Number of tests 4 4 

Mean  Recovery ( % )  92 . 6  90 . 4  

Standard Dev i at i on ( % )  3 . 6 4 . 6  

Vari ati on Coeffi c i ent  ( % )  1 . 9  2 . 5  

3 . 6  Nutr ient  Ava i l ab i l i ty Tests (NATs) 

Al ga l  materi a l  wa s co l l ected from at  l ea st  three l ocati ons  at  each 

s i te ,  mi xed and washed v i gorou s l y  i n  the ri ver before bei ng p l aced 

i n  i ce for tran sport to the l a bora tory . Samp l es  were usua l l y  co l ­

l ected between 0800 and 1000 hours . 

The t i me between tak i ng the  fi rst  samp l e  and the  s tart of  i ts 

ana l ys i s i n  the l aboratory was about 1 hou r .  I n  the l aboratory , 

the a l gae were vi gorou s l y  and q u i c k l y  washed i n  ( room temperature ) 

01 1 med i a  ( See tab l e 3 . 3 )  mi nus  phosphorus ( - P )  to remove the vast  
majori ty of  any epi phytes before the  NATs were begun . No addi t i ons  

were made to  compen sate for  the l o ss  of K i n  K2HP0 4 a s  suffi c i ent  

was supp l i ed as  KCl . 

3 . 6 . 1  Phosphorus 

( a )  Tota l T i ssue  Phosphorus ( TTP )  

Cladophora dri ed at  64°C ,  wa s d i gested accord i ng  to the method 

descri bed i n  secti o n  3 . 5 . 1 .  
i ncreased to 2 50 mg K2s2o8;mg 

quant i ty of organ i c  mater i a l . 

( b ) Extract i ve Phosphoru s ( EP )  

The amount o f  oxi dant was 

DW a l ga to cope wi t h  the l arge 

( Langner & Hendri x ,  1 982 ) . 

The method u sed was that of F i tzgera l d  and Ne l son  ( 1966 ) . 

When emp l oyed i n  the  l aboratory cu l ture experiments , the 

l i mi ted a l ga l  materi a l  ava i l ab l e neces s i tated a sma l l er ( 25 m l ) 

med i um vo l ume . 01 1 ( - P )  med i um was u sed , and the resu l tant  
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react i ve phospha te a na l ysed by the method deta i l ed i n  sect i on  

3 .  5 . 1 .  

( c )  Phosphoru s  Uptake Rate ( PUR )  

The method fol l owed was ba s i ca l l y  that  deta i l ed by Hea l ey 

( 1 973b ) . Thi s wa s adapted for a f i l amentou s a l ga l  s i tuati on 

i n  wh i c h  a rel at i ve l y  l arge amount  of a l ga l  materi a l  wa s 

avai l a b l e .  Approx imate l y  20-50mg of thorough l y ri n sed 
- 1 Cladophora were p l aced i n  l l Oml  of 0 . 5  or  1 mg P04-P l  

01 1 med i a  (depend i ng on the su spected nutri ti ona l s ta tu s of  

the  a l ga ) . Th i s wa s i ncubated , wi th  occas i onal shak i ng ,  i n  

the dark for two hours . Thi s procedure a l so a l l owed s i mu l ­

taneous determi nat i on of the Ammon i a  Absorpti on Rate ( See  

secti on 3 . 6 . 2 ) . The a l ga l  mater i a l  wa s co l l ected on  pre­

washed , dr i ed and we i ghed GF/C fi l ters and the su pernatant 

ana l ysed for react i ve phosphate . 

( d )  A l kal i ne Phosphata se Acti v i ty (APA ) 

The method fo l l owed wa s ba s i ca l l y  that of Fi tzgera l d  and 

Nel son ( 1 966 ) , wi th the excepti on that the su pernatant  wa s 

ana l ysed i mmed i ate ly  after i ncu bat i on wi thou t the add i ti on of  

a ny orthophosphate , and  that  the  cu l ture s were agi tated 
throughout the i ncu bati on per i od . The re su l ts are expres sed 

as Enzyme Un i ts wh i c h  are defi ned as the amount  of enzyme 

l i berati ng l nmol e  of n i trophenol  hr- 1 . ( F i tzgera l d  & Nel son , 

1 966 ) . 

3 .  6 .  2 N i trogen 

( a )  Tota l T i s sue  N i trogen ( TTN ) 

CZadophora dri ed at  64°C ,wa s d i gested accord i ng to the methods 

descri bed i n  sect i on  3 . 5 . 1 .  I ncreased amounts  of  ox i dant  were 
u sed ( See s ect i on  3 . 6 . 1 )  to cope wi th  the h i g her l eve l s of  

orga n i c  mater i a l  encountered . 

( b ) Ammon i a  Absorpti on Rate ( AAR)  

The method u sed was that descri bed by Fi tzgera l d  ( 1968 ) adapted 

to run s i mu l taneou s l y  wi th  the PUR procedure . ( See s ect i on 3 . 6 . 1 ) 

The i n i ti a l  ammo n i a  concentrati on  was e i ther 0 . 5  or 1 mg NH3 -Nl - 1 

depend i ng on  the su spected nutr i t i ona l status  of t he a l ga .  



Tri s buffer was omi tted from the 0 1 1  med i a  u sed i n  th i s  NAT 
a s  i t  i nterferes wi th  the ammoni a  determi nat i on s .  ( Heal ey ,  

1 979 ) . 

3 . 7  Laboratory cu l turi ng 

3 . 7 . 1  I n troducti on 

The a i ms of these exper iments were to estab l i s h : -
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( i )  The rel at i on s h i p between the  NATs  and the re spect i ve nutri ent  
concentrati on s . 

( i i )  The re sponse t i mes  of the NATs to changes from a surp l u s  to a 

l i m i t i ng s i tuat i on and v i ce versa . 

Wh i l e  a cont i nuou s cu l ture fl owi ng system wou l d  be more s i mi l ar 

to a ri ver s i tuati on than a batch non -fl owi ng system , the  above 

re l a t i onsh i ps  cou l d  be i dent i f i ed i n i t i a l l y i n  batch cu l tures . 

3 . 7 . 2  I so l at i on techn iques  

Attempts at  cu l tur i ng Cladophora began  i n  Apri l ,  1 981 . Pre l i mi nary 

efforts were not succes sfu l , due to i nadequate samp l e preparat i on 

and the l ack  of a re l i ab l e source of v i tami ns  for wh i ch Cladophora 

ha s a demonstrated need ( Gerl off & Fi tzgera l d ,  1 976 ; Hoffman & 

Ger l off , 1 980 ; Moore & Mclarty , 1975 ) . 

I n i t i a l l y ,  cu l tures were susta i ned i n  Gorham ' s  med i um ( See tabl e 

3 . 3 )  made u p  wi th r i ver water i n  an  attempt to prov i de v i tami ns . 

Other s trateg i es attempted to try and supp l y e s sent i a l  v i tami ns , 

i nc l uded supp l ement i ng  Gorham ' s  med i um wi th  M i l l i pore fi l tered 

settl ed sewage and f i l tered l i qu or from a mi xed p hytopl a n kton 

commu n i ty .  

Cu l tures were grown u nder ' su per-gro ' fl uorescent tubes a t  

l i gh t  i ntens i t i e s  of  approx i mate l y  40- 100 � E  m -
2s - 1 PAR ( 25-50 

(W m-2 PAR)Ai r  was v i gorou s l y  pumped through the cu l ture vesse l s 

( med i a  vo l umes of 250  m l , 1 l i tre , and 4 l i tres )  wi t h  suff i c i en t  
force t o  cau se a c i rcu l at i ng current wi t hout d i s l odg i ng the  

f i l aments  wh i ch were a ttached to the a i r  hose s . Each bottl e was 



TABLE 3 . 3 :  A compari son of the med i a  u sed to cu l ture CZadophora 

Gorham ' s  ( l ) 0 1 1  ( Z )  

Chem ica l  mg 1 - 1 Chemi ca l  mg 1 - 1 

NaN03 496 Mg so4 . 7H2o l OO 
K2HP04 369  KC l 30  

MgS04 . 7H20 7 5  Na2s i 03 . 9H20 60 

CaC1 2 . 2H2o 36 ea ( No3 ) 2 . 4H2o 1 50 
Na2S i 0 . 9H20 58 Na2 EDTA . 2H20 1 2 . 5  
Na 2co3 20 FeS04 . 7H20 5 . 0  
Ferri c  c i trate 6 H3Bo3 1 . 0 
C i tri c a c i d  6 ZnS04 . 7H20 0 . 1  
EDTA 1 MnS04 . H20 0 . 2  

Na2Moo4 . 2H2o 0 . 025  

CuS04 . 5H 20 0 . 025  

K2HP04 1 5  

NaHC03 1 00 

Th i ami ne HC l  ( B 1 ) 2 . 0  

Cyanocoba l ami n ( B1 2 ) 0 . 002 

Bi oti n 0 . 002 

REFERENCES : 

1 .  Carnes & Mi l l ner , 1 980 

2 .  Hoffman & Ger l off , 1 980 
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l oo se l y  s toppered wi th  cotton woo l . 

The var i ou s  cu l turi ng strategi e s  u sed d i d  not succes sfu l l y  ma i nta i n  

hea l thy s pec i mens  over l ong t ime peri ods . Deteri orati on was 

recogn i zed by a genera l l y  d i s hevel l ed appearance , comp l ete encru s ­

tati on by ep i phytes ( i nc l ud i ng b l ue-greens ) ,  l os s  o f  p i gmentat i on 

and other co l our changes . 

When a sati sfactory supp l y  of v i tami ns  became ava i l ab l e  the D 1 1  

med i um wa s emp l oyed ( Tab l e 3 . 3 ) . Thi s med i um was i n i t i a l l y  more 

successfu l ; however , duri ng l engthy cu l tur i ng per i ods  a vari ety 

of epi phytes began to prol i ferate . Techn i ques  pursued to try and 

produce u n i -a l ga l  axen i c  cu l tures i nc l uded : 

( i )  V i gorou s and mu l t i p l e  wa s h i ng of fi l aments  i n  med i a .  

( i i )  Dragg i ng f i l aments through agar , after wh i ch those 

observed mi croscopi cal l y ,  to be l a rge l y  free of ep i p hytes 

were i so l ated a s  ' s tarters ' .  

Ne i ther tec hn i que proved successfu l  i n  the l ong term . The l a tter 

techn i que offered much  promi se , however , the starter b i omas s  wa s 

i n suffi c i ent  for rapi d l y  bu i l d i ng up  a l a rge stand i ng crop for 

nutr i ent te sts . Attempts were made at  establ i s h i ng axen i c  cu l tures 

u s i ng :  

( 1 )  Ch l ori ne treatments lewi n ,  1 959 ) whi ch i nvo l ved expos i ng the 

samp l e to 10 mg 1 - 1 ch l ori ne for apnrox imate l y  one hou r .  

( 2 )  Anti b i oti c  treatments (Hol shaw & Rosowsk i , 1 973 ; Moore & 
Mclarty , 1 975 ) whi ch i nvol ved exposure to 1 00 mg 1 - 1 pen i c i l l i n 

- 1 and 50 mg 1 streptomyc i n  su l phate . 

After treatment the a l gae were tran sferred to l i qu i d  med i um from whi ch 

sampl es were taken per i od i ca l l y .  Throughout a l l man i pu l ati on s  

s tandard asept i c techn i ques were u sed .  F i l ament and med i um samp l es  

were tested for bacteri a l  growth by p l a t i ng out on to  TGE 

{ Tryptone g l ucose extract )  agar and agari zed ( 1 . 5% )  01 1 med i a .  

Attempts to establ i sh u n i -a l gal  axen i c  c u l tures of CZadophora were 

u n successfu l . Correspondence wi th  researchers i nvo l ved wi th  
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Cladophora i n  the Great Lakes area , nota b l y  Profes sor Gerl off 

( Un i vers i ty of  W i scons i n  at  Mad i so n )  revea l ed that successfu l  u n i ­

a l ga l  c u l tures may be pos s i b l e ,  prov i d i ng that work  starts  wi th a 

c l ean starter such a s  fresh  zoospores . However , Profes sor 

Ger l off ' s  s taff have been u nsucces sfu l i n  the i r attempts to make 

f i e l d  samp l e s  of  Cladophora axen i c  due to bacteri a ad her i ng to 

the ce l l wa l l s .  The i nner surfaces of o l d  sporang i a  act a s  

e speci a l l y  i mpregnab l e reservoi rs of bacter i a .  

Dur i ng the wi nter of 1 982 , work  was resumed on  the l abora tory 

cu l ture techn i ques . Eventua l l y ,  methods were devel oped to enabl e 

successfu l  u n i -a l ga l  growth of wi nter i so l ates ( from a sma l l tr i bu­

tary s tream ) .  Batc h  experi ments were i nit i a l l y  carr i ed ou t i n  

rep l i cate ( 3 -4 )  250  ml  con i ca l  fl a s k s . Thi s method proved u n sat i s ­

factory a s  the d i fference between repl i cates  often made i nterpre­

tati on of trends i mpos s i b l e .  To reduce thi s prob l em ,  the batch 

vo l ume wa s i ncrea sed to 1 0  l i tre s to enabl e mu l t i p l e sampl i ng of 
one homogeneou s  popu l at i on  ( Append i x  1 ,  photograph 6 ) . Succes sfu l growth 

was obta i ned by adheri ng  to the fol l owi ng  s teps : 

( a )  On l y  fresh  i so l ates  were u sed . The se were v i sual l y  free from 

ep i phytes and ri n sed v i gorou s l y  i n  stream wate r .  

( b )  I n  the l abora tory the f i l aments were hand s hredded i nto 

approx imate l y  lcm l engths , wa s hed v i gorou s l y  and repeat­

edl y ( 5  t imes ) i n  d i s t i l l ed wa ter and separated u s i ng a 

f i ne netti ng . 

( c )  Al ga l  c u l ture ve s se l s were pre-soaked i n  1 0% ( v/v ) HC1 , and 

was hed thorou g h l y  wi th d i st i l l ed water before u se .  

( d )  When prepar i ng the med i a  on l y  de i on i zed water was u sed . 

( e )  Separate EDTA , i ron ( ac i d i fi ed )  and • other meta l s '  so l ut i ons  

were u sed . 

( f ) V i tami n sol u t i ons  were rep l aced month l y  and a l ways frozen 

when not i n  u se .  

( g )  Phosphoru s  l eve l s were ma i nta i ned bel ow 2 mg P l -1 . 

( h ) Onl y  aerat i on  was u sed to ag i tate a nd c i rcu l ate the c u l ture . 

( i )  ' Tr i s '  buffer concentrati on s were re stri cted to l e s s  than , 

or  equa l  to a 4 mM f i nal  concen trat i o n ,  and buffered to pH 
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8 . 0  u s i ng 1 M HCl . 

Once a cu l ture was observed to be growi ng successfu l l y ,  a s  demo n ­

strated by macro and mi croscop i c  exam i nat i on , the f i l aments  were 

exam i ned at  l ea s t  every two days and any contami nants a nd/or 

ep i phytes were ma i nta i ned at  i ns i gn i f i cant l eve l s by adopti on of  

one  or more of  the  fo l l owi ng : -

{ ! )  Removal  of the tes t  a l ga and v i gorou s ag i tat i on  i n  d i s ti l l ed 

water . 

( 2 )  Remova l  of the tes t  a l ga and med i a  fo l l owed by a thorough 

scru bb i ng and a c i d  ri ns i ng of the cu l ture vessel  wa l l s  to 

remove a ny attached growth . 

( 3 )  A comb i nati on of ( 1 )  and ( 2 )  wi th fre sh  med i um added . 

The env i ronmenta l cond i t i ons  were s i m i l ar to those deta i l ed prev i ou s l y  

i n  th i s secti on , wi th the fol l owi ng mod i fi cat i ons : -

L i ght  was prov i ded by three 40 W fl uorescent tu bes supp l emented 

by two 1 50 W i ncandescent bu l bs ,  and run on a 1 6 : 8 :  h� l i ght : 

dark da i l y  cyc l e .  The l i ght i n ten s i ty at  the cu l ture su rface 

was about 1 00 �E  m-2 s - 1 ( PAR ) . The temperature of the cu l ture 
was ma i nta i ned a t  20°C (� 2°C )  i n  a temperature contro l l ed growth 

room . 

3 . 7 . 3  Experimenta l methods 

( i )  Sma l l Sca l e  Rep l i cate Batches ( See f i gure 4 . 1 ) .  

One succes sfu l stock cu l ture wa s sp l i t  i nto twenty approx­

i mate l y  equa l  i nocu l a  ( 20-50 mg wet wei ght ) . Each of  

these was p l aced i n  200  ml s of ( 1 00 �g P l - 1 ) 0 1 1  med i um 

conta i ned i n  aerated 250 ml  con i ca l  f l a s k s  l oo se l y  

s toppered wi th  cotton wool ( See sect i on 4 . 2 ) . Duri ng  the 

experi men t ,  two f l a s k s  were samp l ed on each occa s i on and 

dup l i ca te a na l yses  from each were pos s i b l e .  Thu s , each 

grap h i ca l  datum poi nt  represents the mean of  these , a nd 

the i r  s tandard dev i at i on .  After day 10  the a l ga l  b i omas s  
from t he rema i n i ng f l a s k s  was becomi ng too bu l ky for the 

vo l ume of med i a ,  consequent l y  t he a l ga l  b i omas s  was s p l i t  

and p l aced i n  a fresh  200 m l s of  ( -P )  0 1 1  medi um ( a s  above ) .  



( i i )  Large Sca l e Para l l e l Batch Cu l tures 

These were performed i n  dup l i cate 10  1 conta i ners ( See  

append i x  1 ,  photograph 6 ) . From each  batch enough  a l ga l  

materi a l  was avai l ab l e throughout the experi ments  t o  carry 

out at  l ea st  dup l i cate ana l yses for each NAT . Thu s , the 
i l l u strated data ( Fi gures 4 . 2 -4 . 9 ) represent the tota l 

mean  and standard dev i ati on of the dup l i cate batche s . 

Mi nor evapora t i ve l osses  were repl aced , at  l east  every two 

days wi th fres h  d i st i l l ed -dei on i zed water . 

3 . 8  D i s s o l ved Oxygen dynami cs  
• 

3 . 8 . 1  D i s so l ved Oxygen and t emperature 

The chanoes i n  DO and temperatu re were mon i tored at  a number of 

s i tes i n  the Manawatu Ri ver . The major i ty of  work dur i ng  the 

1 98 1 /82 sea son was carri ed out at  s i te T ,  and that i n  the 1 982/83 

season at a s i te a l i tt l e upstream of s i te M .  ( F i gure 2 ) . The 

ba s i c  ca l i brat i on procedure was carr i ed out at each s i te ,  regard ­

l es s  of whether the profi l es were de st i ned for product i v i ty 

ana l ys i s or  for bas i c  comparati ve purposes .  Th i s i nvo l ved on  
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s i te a i r-ca l i brat i ng the DO probe of the  DO/Temperature mon i tors 

( YS I  mode l  56 , one k i nd l y  l oaned by the M . R . W . B . )  after i n i t i a l 

stud i es found sati s factory agreement between the mon i tor a nd the 

Wi n k l er method ( A . P . H . A . , 1 97 5 )  as  we l l  as conf i rmi ng the accuracy 

of the therm i stor read i ng s  compared to a prev i ou s l y  ca l i brated 

0-20°C mercury-i n -g l a s s  thermometer . The DO cal i brat i on  was 

checked every two days . 

As the C ladophora pro l i ferat i ons deve l oped , the amount of  free-f l oati ng  

Cladophora ( See sect i on  3 . 2 . 3 )  i ncreased to  the  extent that defl ec­

t i ng  wedges  were u sed , up stream of the DO probe and i ts su pport i ng 

s tandard , to d i vert the a l gae and prevent accumu l at i on on  the probe 
whi ch  wou l d  i nterfere wi th the true read i ng s  ( S ee f i gure 3 . 2 ) . Th i s 

arrangement  was a l so  u sed effecti ve l y  at  s i te s  downs tream of 

d i scharges where f l oati ng c l umps of sewage fungu s cau sed s i mi l ar 
prob l ems . There were a l so  probl ems at  these ' downstream • s i te s  wi th  
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growth of  sewage fungu s on the  probes . To prevent t h i s ,  e i ther a 

s ha k i ng probe ( YS I 5695 Submers i b l e  St i rrer )  wa s u sed or frequent 

probe c l eaning and membrane changes were performed . The wedges 

were po s i t i oned to defl ect  f l oat i ng mater i a l , yet st i l l  ma i nta i n  

the probe i n  an  adequate current ve l oc i ty ( u sua l l y  greater than 
- 1 ) 0 . 4  m . s . 

3 . 8 . 2  Pri mary producti vi ty 

The primary producti v i ty of the ri ver was ca l cu l ated on the ba s i s of  DO 

dynami c s  measured at  a s i ng l e  stati on . ( See secti on 2 . 3 . 1 ) . The 

r i ver wa s trea ted as a system experi enc i ng a s i mu l taneou s r i se 

a nd fa l l  of oxygen . The factors that govern the se  fl uctuat i ons  

are  dep i cted in  the  fo l l owi ng equat i on : -

6c 
6t 

= 

�� = Rate of c hange of DO ( g . m-3 hr - 1 ) 

k2 = Reaerati on Coeffi c i ent  ( base e ) ( hrs - 1 ) *  

( 3 . 8 )  

C s = Saturat i on concentrati on o f  oxygen a t  the amb i ent  r i ver 

temperatu re duri ng 6t ( g . m-3 ) 

C = Average r i ver DO duri ng 6t ( g . m-3 ) 

PR = Net hou r l y  pri mary producti vi ty ( g o2 m-3 hr- 1 ) 

* ( Reaerat i on  Coeffi c i ent converted from day - 1 u n i ts u s i ng equat ion  

( 3 . 4 ) , sect i on 3 . 3 . 1 ) . 

Th i s  f i n i te d i fference method i s  based on  that deta i l ed by o • connel 

& Thomas ( 1 965 ) . The conti nuous DO and temperature data were u sed to 
measure the average hourl y va l ues . C s wa s ca l cu l ated from the 
average temperature ( °C )  u s i ng a l i near equat i on deri ved from a 

graph i ca l  con s tructi on of the data of Gol terman e t  a l  ( 1 978 ) . 

C 5 = 0 . 2 25  T + 1 3 . 55 ( 3 . 9 ) 

T h i s equati on i s  va l i d  from 9°C to 24°C wi th  an  accuracy of � 0 . 2  gm-3 . 

I n  order to rap i d l y  cal cu l ate the da i l y primary product i v i ty a 

computer programme was devel oped wi th the a s s i stance of  
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Or A .  Cl e l and ( B i otechnol ogy Department ,  Ma s sey Un i vers i ty }  to 

rap i d l y  perform the hour ly  ca l cu l ati ons and produce the des i red 

output .  Th i s programme and a samp l e  i nput and output resu l t  are con­

ta i ned i n  a ppend i ces 2 and 3 .  

T he processes  a nd a s sumpti on s  o f  th i s programme are out l i ned a s  

fo l l ows : -

( a )  A day was defi ned a s  the t i me from su nri se to sunri se . 

( b )  k2 wa s ca l cu l ated u s i ng the da i l y  phys i ca l  characteri st i c s  of 

the reach . ( see Sect ion  3 . 3 . 1 )  

( c )  The hou rl y product i v i ty wa s then ca l cu l ated u s i ng equat i on 

( 3 .  8 ) . 

( d )  Gros s  producti on wa s e st imated by a s sumi ng  a l i near i ncrease 

of re sp i rat i on through  the day from the l ow pre-dawn rates to 

the h i gh post- sunr i se rates . ( Odum & Wi l son , 1 96 2 ) . The 

i ncrea se i s  due to the onset of photoresp i rati on ( B i rmi ngham 
& Co l man , 197 9 ;  Hough , 1974 ; Mantai  & Haase , 1977 ) and 

i ncrea ses  i n  DO and temperature ( McDonnel  & Weeter , 1 97 2 ; 

Mc l nti re ,  1 966 ; Owens & Mav i s ,  1 964 ) . Thu s ,  from the 

( e )  

( f )  

hou r l y  net producti on and resp i rati on the hou r l y  gro s s  produ ­

ct i on  can be ca l cu l ated . 

No correc t ion  of k2 for 
was done . The rel evant 

& We st , 1961 ) :  

the range of temperatures experi enced 

equati on i s  presented be l ow .  ( E l more 

( ) T-20  k2 = k2 ( 20 )  1 . 0241  ( 3 . 10 )  

Last l y ,  for each day the fol l owi ng parameters were ca l cu l ated 

( See append i x  3 

( 1. )  . ( 0 -3 h - 1 ) The Max i mum Gros s  Photosynthes 1 s  rate g 2 m r 

( i i )  The M i n i mum Resp i rati on rate ( g  o2 m-3 hr- 1 ) 

( i i i )  Gro s s  photosynthes i s  ( g  o2 m-3 d - 1 ) 

( ) ( -3 - 1 ) i v  Total Commun i ty Resp i rat i on g 02 m d 

( v )  P/R Rat i o  

( v i ) Net Area l Pri mary Producti v i ty ( g  o2 m-2 d- 1 ) 
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The fai l ure to correct the producti v i ty for the var i at i on of  k2 
wi th temperature resu l ts i n  s l i ght  u nder and over e st imat i on  of the 

Net Producti v i ty .  Uncerta i nty o f  approxi mate l y  0-2% occurs  o n  a n  

hou r l y  ba s i s  and i f  the temperature f l uctuates around 20°C th i s  

u ncerta i nty wi l l  tend to cancel i tse l f out on a da i l y  bas i s .  An 

exampl e  of the effect of compensati ng for the var i at i on  of k2 
wi th temperature i s  i l l u s trated i n  append i x  5 u s i ng data from 

day four  of append i x 2 .The apport i on i ng of the producti v i ty between 

var i ou s  components of the ri ver commu n i ty was i nvesti gated u s i ng 

a rec i rcu l ati ng c l ear p l exi g l a s s  chamber . The des i gn was a 

compo s i te of many concepts . ( Marker , 1 976 ; Pamatmat , 1 965 ; 

Pfei fer & McDi ffe tt ,  197 5 ;  Thoma s & o • connel l ,  1 966 ) a nd i s  

i l l u s trated i n  fi gure 3 . 3  

F I GURE 3 . 3 :  Schemat i c  d i agram of a lga l chamber 

Var i ab l e �------- 50cm ----------� ��� :ag e 1 3c�� 1 6cm 
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0 . 0 .  Probe Port 

,k 1 8cm 1 6cm __j 

Wa ter fl ow 

6mm P l ex i g l ass  

Ref i  1 1  
• w i ndow • 

I 
1 1  cm 

_!__ 



3 . 9  pH and a l ka l i n i ty 

A number of  surveys were carr i ed out i n  wh i ch pH was mon i tored by 

spot check s , a t  a vari ety of s i te s . Later i n  the s tudy a su bmer­

s i b l e  pH  probe and cont i nuou s record i ng system were successfu l l y  

devel oped . 

A standard l aboratory e l ectrode wi th an  add i t i ona l 50m of coaxi a l  

cab l e  was made submers i b l e  by carefu l l y  sea l i ng a l l j o i nts  a nd 

e l ectr i ca l  connecti ons  wi th • Aral d i te •  epoxy re s i n .  Other more 

fl ex i b l e  sea l i ng compound s were tested but were found to l eak  or 

i nterfere wi th the pH e l ectrode s i gnal . A portab l e  ( Co l e -Pal mer 
Chemcadet ) pH meter was l i nked to e i ther a TOA EPR 200A or  a 

Cheswe l l 3 0 1 E  chart recorder . 

These stud i es were u sua l l y  comp l i mented by ammon i a determ i nati ons . 

( See secti on  3 . 5 . 2 ) . Tota l a l kal i n i ty was mon i tored peri od i ca l l y  

dur i ng these  run s .  ( APHA , 1 975 ) . 

3 . 1 0 Data a na lys i s 

Stati st i ca l  data anal yses such a s  regres s i on , corre l at i on , t-te sts 

and ana l ys i s of vari ance were performed by the Mi n i tab s tat i s t i ca l  

package ( Mi n i tab , 1 982 ) u s i ng a Pr ime 1 computer . 
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4 .  LABORATORY CULTURE EXPERIMENTS 

4 . 1  I ntroducti on 

Muc h  of the l i terature perta i n i ng to a l ga l  NATs  i s  s pec i es -spec i fi c ,  

and wh i l e  there has  been con s i derab l e  rel evant work carr i ed ou t wi th 

Great Lakes Cladophora g lomerata the app l i cati on of these data to 

the Manawatu Ri ver c. g lomerata can not be done wi thout compl i ­

mentary stu d i e s  to a scerta i n  the response of the l ocal  spec i es to 

s pec i f i c  nutri t i ona l  c i rcumstances . 

One major aspect of NATs that has  rece i ved very l i ttl e a ttenti on i s  

the response t ime ( i . e .  the t ime ta ken for a NAT to respond to a 

change i n  the rel evant external  nutr i ent  supp l y ) . The s peed of th i s  

response has  important con sequences for the i n terpretati on of data . 

A resu l t  i nd i cati ve of nutri ent  l i mi tat i on cou l d  represent a 

recent s i tuati on ( hours ) or be a re l i c  of some h i stor i c  event ( days ) . 

The objecti ves of the exper iments descri bed i n  th i s  chapter were 

to establ i s h the fol l owi ng : -

( a )  The va l ues for each NAT a s soc i ated wi th a surpl u s  and a l i mi ­
t i ng s i tuat i on . 

( b ) The response t i me of each NAT to tran s i t i on s  between surp l u s  

and l i m i t i ng nutr i ent s i tuat i ons . 

There are two changes i n  nutr i t i onal  s tatu s  that are of i nterest . 

They are the tran s i ti on from a surpl u s  to a l i mi t i ng nutr i ent  s i tu ­

at i on and vice versa . The prob l ems of supp l yi ng suffi c i ent nutri ents 

i n  batch cu l t i vati on s  mean  that nutri ent  cond i t i ons  compared to 

a l ot i c  s i tua t i on may be very d i s s i mi l a r .  Thu s ,  i t  shou l d  be 

remembered that tran s i t i ons  made i n  the l aboratory wi l l  be much  

l e s s  subtl e than any nutr i ent fl uctuati ons  occurr i ng i n  steady 

f l ow ri ver s i tuat i ons .  

The major advantage and d i sadvantage of l a boratory batch NATs are 

respecti ve l y  as fo l l ows 

( a )  The envi ronmental  and nutri t i ona l vari ab l e s  can be contro l l ed ,  

so that the effect of varyi ng one or more can be i dent i fi ed .  



( b )  The env i ronmental  and nutr i t i ona l  cond i t i ons  u sed to cu l ture 

the a l ga are d i s s i mi l ar i n  many a s pects to the l oti c s i tua­

t ion . 

4 . 2  Resu l ts and di scu s s i on 

T i me constra i nts and the avai l a b i l i ty of i nocu l um meant  that the 

i n i t i a l nutri t i onal statu s of the a l ga u sed i n  otherwi se s i mi l ar 

exper iments var i ed ( e . g .  EP  i n  f i gures 4 . 1 ,  4 . 2  and 4 . 4 ) . 

Accord i ng l y ,  the t ime needed , for parameters such as  TTP and E P  

to reach the i r  cri t i ca l  va l ues , after be i ng exposed t o  a ( -P )  

med i um ,  var i ed .  Thu s , i nterpretati ons o f  response t i mes  need to 
take cogn i zance of th i s .  

4 . 2 . 1  Trans i t i on from a surpl u s  to a l i mi t i ng nu tri ent s i tuati on 

4 . 2 . 1 . 1  Phosphoru s 

I n i t i a l  exper iments u s i ng sma l l sca l e  250  ml  batch repl i cates 

( See secti on 3 . 7 . 3 ) were u n succes sfu l due to the repl i cate vari a­

t i on be i ng too l arge for any trend i denti fi cati on . Th i s wa s a 

consequence of hav i ng an u navo i dab l e var i at i on i n  the i nocu l um 

b i omas s  resu l t i ng , eventua l l y ,  i n  the a l ga of each repl i cate be i ng 
i n  a d i fferent state of nutri ent  depl eti on . However , when cons i ­

derab l e  t ime and effort were devoted to produc i ng equ i va l ent 

i nocu l a ,  the range of va l ues  from du p l i cate treatments cou l d  be 

su bstanti a l l y  reduced . The resu l ts of one such  experi ment are 

i l l u strated i n  fi gure 4 . 1 .  C l eaned equ i va l ent  i nocu l a  were added 
to con i ca l  f l a s k s  conta i n i ng 200 ml s of lOO �g P 1 - l Dl l  med i a . 

( See secti on 3 . 7 . 3 ) . Three extra i nocu l a  were prepared to get 

an e st imate of the i n i t i a l  bi omas s  vari at i on . These gave the 

fol l owi ng resu l ts : 

x = 6 . 1  mg DW ; s = 0 . 6  mg DW 

After f i ve days , the DRP was be l ow the detecti on  l i m i ts i n  the 
med i a  tested , demons trat i ng  that the a l gae were acti ve ly  growi ng  and 

had u ti l i zed a l l the ava i l ab l e phosphoru s ( P ) , i nc l ud i ng some 

i nternal stores  ( as ev i denced by the rap i d  dec l i ne of E P ) . The 

term DRP was u sed i n stead of orthophosphate , as  there may be a 

s i g n i f i cant amount  of reacti ve h i gh mol ecu l ar we i ght  p hosphate 
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F igure 4 . 1 Response of Cladophora Phosohorus Nutri ent Ava i l ab i l i ty Tests to gradual  Phosphoru s depl et i on .  
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compounds present a s  a resu l t  of a l ga l  metabol i sm .  ( Na l ewajko  & 
Lean , 1 980 ) ( See sect i on 2 . 6 . 2 . 3 ) . The APA rema i ned at  a l ow 

l eve l  u nti l the externa l P supp l y  was depl eted , after wh i ch i t  

rose over a peri od of ten days to a peak of approx i mate l y  420 
- 1 1 Enz . U n i ts mg Th i s exper iment was u sefu l i n  that the externa 

P supp l y  was gradua l l y reduced and the con sequences of th i s  cou l d  

be mon i tored . However , the sma l l sca l e rep l i cate de s i gn often 

gave r i se  to a con s i derab l e spread of resu l ts for the APA NAT 

( See sect i on 3 . 7 . 3 ) . 

7 7  

Large dup l i cate batch cu l tures ( See sect i on 3 . 7 . 3 )  were adopted to 

overcome some of the above prob l ems . F i gure 4 . 2  i l l u s trates one 

phosphoru s starvati on exper iment . The i so l ated a l ga were i nocu l ated 

d i rectl y i nto ( -P )  0 1 1  med i a . At th i s  stage of the seasonal  

Cladophora devel opment there were few c l ean i nocu l a  avai l ab l e  for 
cu l tur i ng and con sequent ly  the sampl i ng frequency had to take 

account of the l i mi ted b i oma s s  ava i l a b l e i n  each batch . Thu s , by 

the t ime of the second sampl i ng on day 2 ( Fi gure 4 . 2 )  the PUR 

had r i sen dramat i ca l l y  to 12  �g P ( 10 mg ) - 1 hr . Another experi ment 

was performed ( See f i gure 4 . 4 ) to  get  a more accurate re sponse 

t ime for the PUR . T ime constra i nts  meant that the a l ga had to 
be u sed i n  a further exper iment ( F i gures  4 . 7 -4 . 9 ) and thus 

APA was not a l l owed to reach  the extreme l evel s observed i n  the 

prev i ou s  exper iment ( F i gure 4 . 1 ) . De sp i te these drawbacks , the 

exper iment d i d  a l l ow good est imates to be made of the cri t i ca l  TTP 

and E P . The EP had l evel l ed off by day 4 at  a mi n i mum of 0 . 02% . 

There do  not appear to be any pub l i s hed data referri ng to accepted 

cri t i ca l  l evel s of E P  i n  Cladophora , however , L i n ( 1 977 ) observed 
a mi n i mum of 0 . 6% , Manta i  et  a l, ( 1 982 ) one of 0 . 02% , and a mi n i mum of 

0 . 04% ha s been found i n  Cladophora from the Manawatu Ri ver . ( See 

secti ons  2 . 6 . 2  and 6 . 6 . 1 ) . 

The TTP concentrat ion  had dropped to 0 . 08% by day fi ve , th i s resu l t 

together wi th  the outcome of a TTP test carr i ed out on a samp l e 

from the prev i ou s  exper iment on day 18 wh i ch gave a va l ue of 0 . 07% 

i nd i cate a cr i t i ca l  TTP of 0 . 07% . Pu b l i s hed cri t i ca l  va l ues  of 

0 . 06% are very s i m i l ar ,  a l though  the mi n i mum val ue  from any 

Manawatu R i ver s i te ha s not  been observed to drop bel ow 1 . 0% 

( See  secti ons  2 . 6 . 2  and 6 . 6 . 1 ) . 



Figure 4 . 2  Respons e of CZadophora Phosphorus Nutr i ent  Ava i l ab i l i ty Tests  to  s udden  Phosphoru s depl et i on . 

( D i s so l ved React i ve Phos phoru s = 0 ) 
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From these  two experi ments  i t  i s  pos s i bl e  to  get a good i dea of the 

APA a s soc i ated wi th a surp l u s  or l i mi t i ng P s i tuati on . Va l ue s  

greater than 150  Enz . Un i ts mg- 1 wi l l  b e  found i n  Cladophora 

experi enc i ng a shortage of ava i l ab l e P ,  whereas l evel s around 

50 Enz . U n i ts mg - 1 wi l l  be i nd i ca t i ve of surpl u s  P .  

F i e l d  stud i es on Cladophora i n  the Great Lakes have reported APA 

to range from 40-320 Enz . Un i ts mg - 1 ( Manta i , 1 978 ; Manta i  et al,  

1 982 ) . Va l ue s  found i n  the  Manawatu R i ver have ranged from 1 0-450 
- 1 ( ) Enz . Un i ts mg See sect i on 2 . 6 . 2  and 6 . 6 . 1 . 

The APA i s  a u sefu l parameter as  i t  i s  i ndependent of the i nterna l  

P concentrat i on . The  respon se t i me after exposure to  ( - P )  med i a  

wa s approx i mate l y  2 -3 days . Dur i ng th i s  exper iment the N NATs  were 

a l so mon i tored to see i f  they were affected by the changes i n  the 

P NATs . The re su l ts are i l l u s trated i n  f i gure 4 . 3 .  There wa s no 

s i gn i f i cant  change i n  e i ther the AAR or the TTN over the course of 

the experi ment . 

The exper iment i l l u strated i n  f i gure 4 . 4  wa s carr i ed out to deter­

mi ne more accurate l y  the response t ime of the PUR to sudden P 
depri vat i on .  E P  wa s a l so mon i tored a s  a check on the i n ternal  a l ga l  

nutr i t i ona l  statu s .  The  PUR rose  from a ' surp l u s  val ue ' of arou nd ( ) - 1 - 1 ( ) - 1 - 1 0 . 4  �g P 10mg . hr to j u st  over 6 . 0  wg P 10 mg . hr i n  two 

days . 

1 2  �g 

The peak P UR d i d  not reach the h i g h  va l ue of around 

( ) - 1  -1 P 1 0  mg . hr recorded i n  the ear l er exper iment . Th i s  

may be due to geneti c  d i fferences ( ecotypes ) ,  a s  the i nocu l a  were 

i so l ated from d i fferent ri vers at  d i fferent t i mes  duri ng the year , or 

i t  may be a consequence of pro l onged l a boratory cu l turi ng . T he PUR 
va l ue s  are comparab l e wi th those recorded for Cladophora from the 

( ) - 1 - 1 
Great Lakes where a range of 0 . 2  - 18 �g P 10  mg . hr has  been 

observed ( Auer  & Cana l e ,  1980 ) . Maxi mum val ues recorded i n  the 

Manawatu have been i n  the v i c i n i ty of 8 �g P ( 10 mg ) - 1 h r- 1 

4 . 2 . 1 . 2 N i trogen 

The response of Cladophora to sudden depr i vat i on  of the n i trogen 

su pp ly  i s  i l l u s trated i n  f i gure 4 . 5 .  There was a steady decl i ne i n  



Figu re 4 . 3 Response of Cladophora N i trogen Nutri ent Ava i l ab i l i ty Test s to  s udden Phosphorus depl et i on .  

( D i sso l ved React i ve Phos phorus = 0 ) 
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the TTN , however , before the accepted cri ti ca l  concentrat i on of 

1 . 1% N ( Sect i on 2 . 6 . 3 )  wa s reached , the a l ga  began to exhi b i t 
symptons  of decay . Mi croscop i c exami nati on revea l ed pa l e grey­

green and s hrunken c h l oropl asts , wh i c h  were character i s t i c s  

observed i n  some earl i er N starvat i on exper iments . One of the 

dup l i cate batch cu l tures l ost  v i ab i l i ty between the 40hr and 60hr 

peri od when the AAR dropped to near l y zero and mi croscop i c  exami n ­

at i on revea l ed gros s  symptons o f  N starvati on . Thus  data after 

60 hrs were dup l i cates from j u s t  one batch cu l ture . 

F i e l d  stud i es of Cladophora i n  the Great Lakes have observed that 
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TTN concentrati ons range from 1 . 6 -4 . 6% .  ( Manta i e t  a l �  1982 ) , whi l e  

Manawatu R i ver data covers concentrati ons  from 1 . 8-6 . 6% N ( See 

sect i ons  2 . 6 . 3  and 6 . 6 . 2 ) . The d i screpancy between the f i e l d  and 

l aboratory resu l ts i s  a poss i b l e  i l l u s tra t i on of the con sequences 

of the d i fferent nutri ti ona l and envi ronmental  cond i t i on s .  ( See 

sec t i on 4 . 1  and 4 . 2 . 1 . 1 ) .  

The AAR responded s i gn i f i cantl y wi thi n 1 2  hours and peaked at appro­

x imate l y  24 �g N ( 10mg ) - 1 . hr- 1 after 40 hours . La boratory stud i es 

( ) - 1 - 1 on Cladophora from the Great Lakes observed an AAR of 3 �g N 10mg . hr 
i n  comp l ete med i um and 18  �g N ( 1 0mg ) - 1 . hr- 1 i n -N med i um .  

( F i tzgera l d ,  1 968 ) . The range fou nd i n  the Manawatu Ri ver was from 

( ) - 1 - 1 ( ) 0 . 8 -4 . 2  �g N 10mg . hr . See s ecti ons 2 . 6 . 3  and 6 . 6  . 

P NATs were mon i tored throughout the experi ment ( F i gure 4 . 6 ) . TTP 

decrea sed but d i d  not a pproach the cri t i ca l  reg i on .  ( See sect ion  

2 . 6 . 2 ) . There wa s a surp l u s  of ava i l ab l e P at a l l t imes . 

4 . 2 . 2  Tran s i t i on from a l i mi ti ng to a surpl u s  nutrient  s i tu a t i on 

4 . 2 . 2 . 1  Phosphorus 

( a )  Tota l T i s sue  Phosphoru s and Extracti ve Phosphoru s 

The resu l ts of one exper iment , ( dup l i cate 10  1 batche s )  i n  

whi ch P-s tarved Cladophora were rel i eved by a sudden tran s i t i on 

to a 1 000 �g P1 - 1 0 1 1  med i a ,  are i l l u strated i n  f i gures 

4 . 7  and 4 . 8 .  The P ce l l quota was rap i d l y  sati sfi ed a s  TTP 

rose from 0 . 08 to 0 . 92% P wi th i n  12 hrs . S i m i l ar l y the EP  



Figu re 4 . 4  Response o f  CZadophora Phosphoru s Nutri ent Ava i l ab i l i ty Tests  to sudden Phosphorus depl et i on . 

( Phos phorus Uptake Rate and Extracti ve Phosphorus ) ( D i s so l ved Reacti ve Phosphorus = 0 ) 
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Figure 4 . 5  Response  of Cladopho�a N i t rogen Nutr i ent Ava i l a b i l i ty Tests to changes i n  N i trogen ava i l ab i l i ty .  
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Figure 4 . 6  Response  of Cladophora Phosphoru s  Nutrient  Ava i l ab i l i ty Tests  to changes i n  N i t rogen ava i l ab i l i ty. 
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Figure 4 . 7  Response of Cladophora Phosphorus Nutrient Ava i l a b i l i ty Tests to ces s a t i on of Phosphorus l im i ta t i o n . 

( Tota l T i s sue  Phosphorus and Extracti ve Phos phorus ) 
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i ncrea sed over the same t i me i nterva l  from 0 . 04 to  0 . 59% 

P .  

( b ) Phosphorus Uptake Rate 

The re l at i on sh i p between the PUR and the i nterna l P i s  

reveal ed by the reducti on of PUR a s  the l evel s of TTP and E P  

r i se . ( Fi gure 4 . 8 ) . At the pea k TTP concentrati on a net 

effl ux  of DRP i nto the test  med i a  wa s observed . T h i s was 

the resu l t  of a feedback re sponse that enab l e s the a l ga to 

avo i d  exce s s i ve accumu l at i on of i nterna l P .  I t  i s  we l l known 

that a l gae can excrete h i g h  mol ecu l ar we i ght  P compounds  

( Kuenz l er ,  1970 ; Lean & Na l ewaj ko , 1 976 ) . Negati ve PURs 

86 

have not been reported by researchers work i ng on the nutr i ti on 

of Great Lakes CZadophora . However , Heal ey ( 1 973b )  ha s 

reported a drop from an  e l evated PUR to zero when Anabaena 

variabi Zis  wa s re l i eved from P l i m i tat i on . 

( c )  APA 

E l evated l evel s were st i l l  recorded after 48 hrs ( and aga i n  

when checked a t  96 hrs ) . Thi s i s  a consequence of the nature 
of the enzyme i nvol ved . ( See sect i on  2 . 6 . 2 ) . The imp l i cat i ons  

of th i s wi l l  be  d i scu s sed i n  s ect i on 4 . 3 .  

N NATs were a l so  mon i tored duri ng th i s  experi ment TTN showed 

l i tt l e vari ati on whi l e  there was a s l i ght but i nconsequenti a l  

reduct i on i n  the AAR . ( F i gure 4 . 9 ) . 

4 . 2 . 2 . 2  N i trogen 

Referri ng back to f i gure 4 . 5  the N starvati on wa s broken by a tran s ­

i ti on of t he  v i ab l e cu l ture to  a surp l u s  N 0 1 1  med i um .  Both the 

TTN and AAR responded wi th i n hours  to the c hange qu i ck l y  approach i ng  

va l ues  observed prev i ou s l y  to  be  as soc i ated wi th a surpl u s  

s i tuat i on . 



Figure 4 . 8  Response  of Cladophora Phosphorus Nutri ent  Ava i l ab i l i ty Tests  to  ces sat i on  of Phosphorus l i m i tat i on . 
( Phosphorus Uptake Rate and A l ka l i ne Phosphatase  Acti vi ty )  
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Figure 4 . 9  Response of CZadophora N i trogen Nutri ent Avai l a b i l i ty Tests to  cessat i on of  Phospho ru s  l i m i ta t i o n .  
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4 . 3  The app l i cat i on  of Nutri ent Ava i l a b i l i ty Test re su l ts ach i eved 
i n  the l aboratory,  to  the i r use  i n  f i e l d stuJ i es 

A summary of re su l ts obta i ned from the exper iments , i l l u s trated 

i n  f i gures 4 . 1 -4 . 9 ,  i s  presented i n  tab l es  4 . 1  and 4 . 2 .  The NAT 

va l ues  pre sented i n  tab l e  4 . 1  are broad l y  s i mi l ar to l i terature 

va l ues  deta i l ed earl i er i n  tabl es  2 . 5  and 2 . 6 .  The d i s t i ncti on 

between a surp l u s  and a l i m i t i ng s i tuat i on for the enzymat i c NATs 

( APA , PUR and AAR ) i s  gradua l ,  a s  oppo sed to the prec i se cri t i ca l  

concentrat i ons defi ned for the t i s sue components ( TTP , E P  and 

TTN ) . The l arge d i fferences between NAT response t imes  i l l u s trates 
the need for these to be con s i dered when attempt i ng to i nterpret 

NAT re su l t s .  There are advantages and d i sadvantages i n  hav i ng 
NATs  that respond at  d i fferent rates . 

T A B L E  4 . 1 : Va l ue s  Observed for Laboratory Nutri ent Ava i l i ab i l i ty 
Tests a s soci ated wi th a l i mi ti ng or surp l us s i tuat i on 

NAT 

TTP ( % P )  

E P  ( %  P )  

( -1  - 1 ) PUR ( llg P 1 0mg ) . hr  

APA ( Enz . U n i ts . mg -1
) 

TTN ( %  N )  

- 1 - 1 ) AAR ( llg N ( IOmg ) . hr 

Acti v i ty/concentrati on a s soc i ated wi th 

L i m i ta t ilf.>n Surpl u s  

<0 . 07 >0 . 07 

<0 . 02 >0 . 02 

>2 . 0  < 1 . 0  

> 1 50 < 50 

< 2 . 0  >2 . 0  

>6 . 0  <4 . 0  



TABL E  4 . 2 : A Summar� of Laborator� Nutri ent 
re sponse t i me s  

Res ponse to Surp l u s  -+ L i mi t i ng 

Nu tr i ent  NAT 

Phosphoru s 
V . S l ow APA 

S l ow TTP , EP  

Fa st PUR 

N i trogen 
S l ow TTN 

Fa st AAR 

Re spon se to l i mi t i ng -+ Surpl u s  

Nu tr i ent  NAT 

Phosphoru s 
S l ow APA 

Ava i l a b i l i t� Tests  

S i tua t i on 

S i tuat i on 

Fa st  TTP , EP , PUR 

N i trogen 

KEY : 

V . s l ow > 4 days 
S l ow = 2 -4 days 
Fas t  = 2 - 1 2 hours  

Fast  TTN , AAR 
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T he  ecol og i ca l  s i gn i f i cance of the s l ow and fa s t  response t i mes  are 

a s  fol l ows : 

( a )  S l ow Response T i mes  

T he  TTN , TTP and E P  wi l l  on l y  be  reduced gradual l y i n  response 

to a l ac k  of externa l  avai l ab l e  nutr i ents . H i gh growth rates 
( See s ecti on 2 . 6 . 2  and equati on 2 . 6 )  wi l l  be ma i nta i ned unti l 

i nterna l  concentrati ons  near cri t i ca l  va l ue s . Any nutr i ents 

that become avai l a bl e ,  whi l e  the i nterna l nutr i ents  are becom­

i ng depl eted , wi l l  be rapi d l y a s s i mi l ated . 

The APA changes very s l owl y i n  respon se to a re l i ef from P 

l i m i tati on , th i s characteri sti c does not a ppear to confer any 

eco l og i ca l  d i sadvantage to the a l ga ,  and may serve to ma i nta i n  

some ortho-phosphate product i on i f  rel i ef from l i mi tat i on i s  

short- l i ved . T hu s , P may be made cont i nua l l y  avai l ab l e i n  an  

env i ronment that  mi ght otherwi se be  constantl y fl uctuati ng 

between a l i m i t i ng and a surp l u s  s i tuat i on . 

( b )  Fa st  Response T imes  

These a ppear to  be  a con sequence of the  need to  rapi d l y  
ut i l i ze any nutri ents that may be on l y  bri efl y ava i l ab l e 

and/or on l y  ava i l a bl e i n  patches ( Quarmby et  al�  1 982 ) . 

The tran sport mechani sms respon s i b l e for P and N u ptake respond 

rap i d l y  to a break i n  nutr i ent  l i mi tat i on , consequentl y the 

t i ssue components a l so respond swi f l y .  There a l so  a ppears to 
be a net re l ea se of react i ve P from the a l ga after the 

max imum cel l quota ha s been reached . 

The control of uptake k i neti c s  by both i nternal  a nd externa l  

nutr i ents i s  a l so evi denced by the  rel at i ve ly  rap i d  response of  

PUR  and AAR to  a change from a surp l u s  to a l i m i t i ng 

s i tuat i on . ( See s ect i on 2 . 6 . 2 ) . 



Idea l l y ,  the NATs  s hou l d  be sampl ed wi th a frequency approach i ng  

the i r re sponse t imes . Th i s approach  wou l d  enabl e the  d i st i nct i on  

to  be  made between a s hort-term f l uctuat i on a nd a l ong term trend 
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i n  the r i ver ' s  nutr i t i onal  statu s . However , to samp l e NATs da i l y  

wou l d  be proh i b i t i ve .  I ns tead , a compromi se mu st  be reached that 

a l l ows for each spec i f i c  s i tuati on . Dur i ng th i s  study ( Sect i ons 

5 . 4  and 6 . 6 )  NATs  were u sua l l y  samp l ed at  l ea st  week l y ,  a nd often 

twi ce week l y  i f  va l ue s  i nd i cated nutr i ent  cond i t i on s  were l i mi ­

ti ng  or chang i ng .  The need to samp l e in situ a l gae frequentl y 

enough  to have mean i ngfu l  resu l ts ,  may c l a sh  wi th the t i me ava i l ­

ab l e to carry out a l l the NATs u sed i n  these l a bora tory exper iments . 

For thi s rea son the advantages and d i sadvantages of the var i ou s  

tests  are bri efl y d i scu s sed bel ow : 

A great advantage of the TTN , TTP and EP  NATs i s  that they can be 

dr i ed and stored for ana l ys i s at  a l a ter date . A l l are re l at i ve ly  

rap i d  and s hou l d  be  i nc l uded i n  any thorough samp l i ng strategy . 

However , a s  TTP and EP  g i ve s im i l ar responses the TTP can be u sed 

i n  preference as i t  measures a c l earl y defi ned b i o l og i ca l  

quanti ty and can be compared wi th the l arge amount o f  pub l i shed 

materi a l  quot i ng TTP concentrati ons . The APA test  can be very 
u sefu l  because  of i ts i ndependence from e i ther TTP or E P . The 

AAR test  i s  a va l uab l e ' backu p • to the TTN te st . ( See tabl e s  4 . 1  

and 4 .2 )  A l l of the above te sts have we l l -defi ned concentrati ons  

or acti v i t i es that can  be  a s soc i ated wi th s i tuat i ons  of nutri ent 

surp l u s  or  l i m i tat i on . ( See tab l es  4 . 1  and 4 . 2 ) . However , the 

PUR test i s  l es s  than i deal  i n  th i s  re spect and i f  ava i l ab l e t i me 

was a major  con s i dera t i on i n  a proposed s tudy , th i s tes t  wou l d  not 

be a s  u sefu l as  the others . 

4 . 4  Conc l u s i on s  and recommendati on s  

T h e  resu l ts of these experiments i nd i cate that when tryi ng  t o  i nt­

erpret NAT fi e l d  re su l ts the  fo l l owi ng  po i nts  mu s t  be  con s i dered : 

( a )  The act i v i ty/concentrat i on compared to the estab l i s hed 

surpl u s  and l i m i tat i on l eve l s .  

( b ) The re sponse t i me for tran s i t i on s  from one nutr i ent  s i tu ­

ati on  to another . 

( c )  The frequency of  sampl i ng ,  i n  re l at i on to the response 



t imes . 

( d )  The potent i a l  i ntra - s i te var i at i on found for each NAT on 

every samp l i ng occas i on .  
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5 .  RECONNAI SSANCE SURVEY RESULTS 1 980/81  

5 . 1  I n troducti on 

I n i t i a l l y ,  dur i ng  the summer sea son of 1 980/81 a reconna i s sance sur­

vey of the Manawatu R i ver was performed . Th i s  he l ped i denti fy and 

ref i ne the nece s sary methodo l ogy and s i te l ocat i on s  for exten s i ve 

f i e l d work  i n  the 1 981/82 and 1 982/83 season s . 

5 . 2  CZadophora b i omas s  den s i ty and d i stri but i on 

The e stab l i s hment of CZadophora prol i fera t i ons  were hampered dur­

i ng the beg i nn i ng of the 1980/81 sea sons by two very l arge s pates . 

( F i gures 5 . 1  and 5 . 2 ) . However , toward s  the end of January s hort 
tufts of CZadophora were observed extens i ve l y  i n  the Manawatu 

Ri ver , and many of i ts tri bu tar i es , downstream to s i te S .  ( F i gure 

1 . 2 ) . The CZadophora a s sembl ages i nc l uded some examp l es of other 

f i l amentous  a l gae such as UZothr1:x , Stigeoc Zoniwn and Spirogyra_, 

a s  we l l  a s  a d i verse ep i phyti c popu l at ion  on i ts own f i l aments . 

Downstream of the Manawatu Co-op  Da i ry d i scharge , the C Zadophora 

wa s on l y  i nfrequent l y observed due to the ri ver su bstrate c hang i ng  

from one domi nated by stones and pebb l es  ( 1 - 1 5  cm d i ameter )  to 

one domi nated by sma l l pebbl es  ( 1 -2 cm d i ameter ) and sand ( <0 . 5cm 

av . d i am . ) ( F i gure 1 . 2 ) . Th i s  extreme l y  mobi l e  bed 

was overrun by a prol i f i c  ' sewage fungu s ' commu n i ty that domi nated 

by competi t i ve l y  exc l ud i ng s l ower growi ng fi l amentous a l gae . The 

Manawatu R i ver i n  th i s reg i on often fo l l ows the c l a s s i ca l  pattern 

of a phototroph i c  commun i ty be i ng repl aced by a heterotroph i c  one 

i n  a r i ver recei v i ng organ i c  d i scharges . ( Hynes , 1960 ) . 

The pattern of CZadophora bu i l d -u p  i s  i l l u strated i n  f i gure 5 . 1 .  

The i nf l uence of l arge f l u s h  events i n  reduc i ng b i omas s  l evel s and 

the rap i d  growth rate that occurred duri ng s teady l ow f l ow per i od s  

were the two most  promi nent features o f  f i gures 5 . 1  and 5 . 2 .  

Sustai ned ra i nfa l l , resu l t i ng i n  prol onged fl u shes  i n  May 1 981 , 

cau sed the cessati on of stud i e s  i n  the Manawatu R i ver . Br i ef 

surveys before and after these f l u shes  revea l ed Cladophora and many 
other peri phyt i c  a l gae ' over-wi nteri ng ' i n  i so l ated reaches  on 

stab l e su bstrate suc h  as l arge bou l ders  a nd embedded l og s . The 

Cladophora f i l aments  there were noti ceab l y  s hort , 1 0-30  cm , a s  
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Figure 5 . 1  CZadophora b i oma s s  f l uctuat i ons at  s i te M ,  1980/81 
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opposed to l engths of greater than 200cm often observed i n  hea l thy 

pro l i ferat i o n s  i n  the ma i n  r i ver . Each over-wi nteri ng fi l amen t  

was u sua l l y  th i c k l y  encru sted wi th  ep i p hytes ( see Secti on 2 . 5 . 5 ) . 

The resu l t s  of  one semi -quanti tat i ve d i s tri but i on survey carr i ed 

out pri or  to the May s pate s  are i nc l uded i n  tabl e 5 . 1  pre sented 
be 1 ow: -
TABL E  5 . 1 :  A di s tr i but i on survey of per i phyton i n  the tr i butari e s  

of the Manawatu Ri ver , 9 May 1981  

Maj or Peri phyton Tota l  Cover Ri ver Spec i es ( 0-5 ) *  

Mangahao Spirogyra� Stigeoc lonium 

Makakah i  Cladophora� Ulothri:c 
Anacystis 

Mangata i noka Ulothr>ix 

Mangata i noka Ulothr>ix 

Maku ri  Cladophor>a 

Ti ramea Cladophor>a 

Upper Manawatu Cladophor>a 

Upper Manawatu Cladophor>a 

Mangatanu i Spirogyra� Ulothrix 

Upper Manawatu CZadophor>a� Anacystis 

Pohangi na Cladophor>a 

* Cover sca l e :  see Secti on l2J and fi gure 3 . 1  

2 

2 

1 

3 

2 

2 
1 

1 

1 

1 
3 

These resu l ts i l l u s trate the modest  b i oma ss  yet d i verse nature of t he 
peri phyton from the Manawatu R i ver tri butari e s . The factors re spon­

s i b l e for Cladophora becomi ng  the domi nant s pec i e s , � spec i a l l y  i n  
the ma i n  r i ver , are deta i l ed i n  secti on 2 . 5 . 4 .  r LJ ,Y ) 

Dur i ng these i n i t i a l  surveys of the Cladophora pro l i ferat i ons , i t  

became obv i ou s  that some systemat i c b i omas s  sampl i ng reg i me wa s 

needed to reduce the error i nvo l ved i n  samp l i ng the contag i ou s l y  

d i s tr i buted a l gae ( F i gure 3 . 1 ) , to a n  acceptab l e l eve l . The resu l ts 

of one survey carr i ed out to try and i dent i fy a sat i sfactory l eve l  

of prec i s i on ,  and  the  effort needed to ach i eve i t  are presented i n  

tab l e 5 . 2 :  



TABLE  5 . 2 :  Cladophora bi omas s  den s i ty vari a t i on on one samp l i ng 

occasi on , at  s i te M, duri ng a pro l i fe rat i on 

Throw 

1 

2 

3 
4 

5 
6 

7 

3 

9 

10  

A l ga l  B i omas s  
-2 

g ( 0 . 04m ) 

1 . 5  

4 . 2  
4 . 9  

1 . 3  

2 . 4  
1 . 0  

1 . 4 

3 . 1  

3 . 4 

2 . 4  

-2 ) x = 2 . 8 g ( . 04 m 
-2  s = 1 . 5  g ( . 04 m ) 

or , x = 70 g m-2 
s = 38 g m-2 

Throw f, l ga l  S i onas s  
-2 

g ( 0 . 04m ) 

1 1  1 . 1  

1 2  1 . 9 

1 3  3 . 8  
1 4  6 . 3  

1 5  4 . 5  

16 2 . 7  

1 7  0 . 9  

18 3 . 3  

1 9  1 . 5  

20 2 . 9  

For an arbi trar i l y  chosen l evel  for the coeffi c i ent  of vari at i on 

( CV )  of 10% of the fo l l owi ng  re su l ts occur : ( Soka l  & Roh l f ,  1 973 ) : 

CV = ( s/1 N )  x 100 
-

X 

CV = 10  = ( 38;.; N )  x 1 00 
70 

Therefore N � 30 

( 5 . 1 )  

S i nce approx i mate l y  one hour wa s req u i red to co l l ect  twenty samp l e s  

th i s l eve l of prec i s i on wou l d  be  an unrea l i st i c goa l for regu l ar 

mu l ti - s i te mon i tori ng . Reduc i ng  the ant i c i pated CV to 20% , the 

fo l l owi ng  resu l ts occu r : 

CV = 20 = ( 38; I N ) x 1 00 
70 

Therefore N ::::::::: 8 
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Th i s was cons i dered to be a rea l i s t i c number of samp l es  ab l e 

to be co l l ected from each of the three s tudy s i te s . I n  pract i se 

ten samp l e s  were u sua l l y  co l l ected from each s i te ,  br i ng i ng  the CV 

to 1 7% . 

Other methodo l og i ca l  con s i derat i ons are presented i n  Sect i on 3 . 1. 

5 . 3  Ri ver n utri ents  

I n i t i a l  work  concentrated on parti t i on i ng  the tota l phosphoru s 

( T P )  and total n i trogen ( TN )  a t  var i ou s  s i te s , both a bove and 
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be l ow the d i sc harges . A summary of th i s expl oratory work  i s  pre­

sented i n  Tabl e 5 . 3 .  At the u pstream s i tes th i s  serves to  i l l u strate , 

fi rst l y ,  the i mportance of the d i sso l ved reac t i ve port i on i n  the 

upstream TP  and second l y ,  h i g h l i ghts  the domi nance of n i trate N i n  

the TN . The i nfl uence of the var i ou s  d i scharges can be seen by 

su bstanti a l  i ncreases i n  ammon i a  and n i tri te a s  we l l a s  l arge 

i ncrea ses i n  part i cu l a te , and to a l e s ser extent ,  DRP . 

I n  mi d -February the sampl i ng effort concentrated on the TN and TP 

at  the upstream s i tes ( F i gure 5 . 3  and tab l e 5 . 3 ) . Comp l imentary 

samp l i ng of n i trate and DRP by the MRWB was p l anned for both the 

1 980/81 and 1 981/82 sea sons ,  however , u nforseen d i ff i cu l t i e s  prevented 

th i s be i ng carri ed ou t .  The data from s i te M serve to i l l u strate 

the TN and TP fl uctuat i ons  observed ( F i gure 5 . 3 )  

There i s  a s teady decl i ne i n  T P  a s  the f l ow ( Fi gu re 5 . 3 ) drops to 

a s teady l ow f l ow concurrent  wi th  a bu i l d -u p  of Cladophora b i oma s s . 

Th i s pattern i s  i nterru pted by a fl u s h  towards the l atter part of 

March and aga i n by a l arge f l u sh i n  Apri l .  After th i s spate the  

concentra t i on of TP  began  to gradua l l y dec l i ne .  The decrea sed P 

l oad i ng to the r i ver a s  wel l a s  a l ga l  u ptake of P are thought  to 
be the maj or causes of the trend . I n  order to a scerta i n  the i mpor­

tance of Cladophora u ptake on the P concentra t i on , i nten s i ve P 

mon i tor i ng  wou l d  be needed a l ong a su bstanti a l  l ength of the r i ver 

affected by prol i ferat i on s ( see Sect i on 6 . 5 ) The TP concentrat-
i on s  recorded were genera l l y  l ow compared to those pub l i s hed a s  bri ng . 

cr i t i ca l  for the growth and pro l i fera t i on of Cladophora ( see 



TABLE 5 . 3 :  

Nu tri ent 

Max i mum 
TP Average 

Mi n i mum 

Max i mum 
DRP Average 

Mi n i mum 

Max i mum 
NH3 Average 

Mi n i mum 

Max i mum 
N03 Average 

Mi n i mum 

Max i mum 
N02 Average 

Mi n i mum 

TN* Average 

A summary of nutri ent data col l ected week l� dur i ng 
December and Janu ary 1980/81  ( mg N or P m- ) 
( Refer to f i gure 1 . 2  for s i te l ocati on s )  

S i te s  D M s J K 

52 . 4  4 1 . 9  7 2 . 6  1 97 148 
2 2 . 0  2 1 . 5  44 . 0  10 1  93 . 3  

5 . 6 7 . 3  1 2 . 9  3 1 . 5  33 . 1  

29 . 6  37 . 1  50 . 8  1 2 2  85 . 4  
13 . 4  14 . 9  26 . 1  66 . 9  58 . 1  
2 . 5  3 . 2  4 . 6  1 6 . 2  1 1 . 1  

86 . 0  48 . 9  27 1 2 1 2  140 
50 . 9  46 . 5  1 3 1 187 98 . 9  
14 . 2  2 1 . 7  60 . 0  103 27 . 4  

659 649 737 653 644 
295 275  279  271  269  
46 . 2  33 . 1  32 . 3  66 . 1  77 . 4  

8 . 1 6 . 7  9 . 3  1 3 . 2  1 9 . 9  
4 . 1  3 . 3  5 . 2  7 . 8  1 1 . 1  

< 1 . 0  < 1 .  0 1 . 1  < 1 . 0  < 1 .  0 

55 1  547 928 1 188 982 

KEY : 
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0 

164 
96 . 3  
28 . 2  

86 . 6  
57 . 0  
25 . 4  

275  
1 18 
50 . 4  

600 
276 
63 . 1  

3 1 . 0  
1 5 . 2  

1 . 9  

1 006 

*Average va l ue of fou r te sts  TP = Tota l Phosphoru s 
DRP = D i s so l ved Reacti ve Phosphorus 
TN = Tota l N i trogen 

MAS�.CY U t l l 'i :  ,SlTY 
L! ·��  ,\r-.Y 



F i gure 5.3 To ta l N i trogen and Tota l P hosphorus fl uctua t i ons 
500 l at  s i te M , 1980/ 81 
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Secti on 2 . 5 . 3 . 4 ) . The N concentrati o� observed were u sua l l y  wel l  

1 0 1  

i n  exce s s  of the cri t i ca l  reg i on d i ctated by e i ther the  P concentr­
at i on or the pub l i shed cri t i ca l  N va l ues . The re l at i v e l y  l ow P 
l eve l s i nd i cated that P may wel l  p l ay an  i mportant  ro l e  i n  the deve­
l opment of  Cladophora prol i ferat i ons . W i th th i s  i n  mi nd Nutr i en t  
Ava i l abi l i ty Tests ( Sect i ons 2 . 6  and 4 )  we re u ti l i zed t o  e stab l i sh 
more d i rectl y ,  the nutr i t i ona l statu s  of the a l ga .  

5 . 4  Nutr i ent  Ava i l ab i l i ty Tests ( NATs )  

P NATs and some N NATs were performed on samp l es  from s i te T .  The 
re su l ts from these ana l yses are presented i n  ta b l e  5 . 4 :  

TABLE  5 . 4 :  C ladophora Nutri ent Ava i l a bi l i ty Test re su l ts from s i te 
T du ri ng the 1 980/8 1 sea son 

Date 

23 . 2 . 81 
27 . 2 . 81 
28 . 2 . 81 

4 . 3 . 81 
9 . 3 . 81 

1 3 . 3 . 81 
22 . 3 . 81 

2 . 4 . 81 
3 . 4 . 81 
7 . 5 . 8 1  

Extracti ve 
Phosphoru s  

( %P )  

0 . 1 0 
0 . 1 0 

0 . 13 

0 . 1 0 
0 . 1 1  

Tota l T i ssue 
Phosphoru s 

( %P )  

3 . 9  
2 . 3  
2 . 4  
2 . 8 
2 . 4  
2 . 9  

2 . 0  

Ammoni um Absorpt i on 
Rate 

�g N ( 1 0mg ) - 1 . hr - 1 

1 0 . 0  

6 . 0  
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The data i nd i cated that surp l u s  P and N were ava i l abl e to the a l ga l  
popu l ati on ,  at  s i te T ,  pri or to  the  sampl i ng date s . ( See s ec t i o n  
4 . 3  for compari sons  wi th l evel s a s soc i ated wi th surpl u s/ l im i ta t i on . ) 

The pre sence of epi phytes throughout the season tended to confi rm 
the hypothe s i s that there wa s surpl u s  avai l ab l e N ( F i tzgera l d ,  1 968 , 
1 97 1 ) . However , duri ng the wi nter of 1 982 newl y publ i s hed work  
a ppeared to refu te the i nfal l i bi l i ty of thi s re l at i ons h i p .  
( Steven son & Stoermer , 1982 ) . 

I t  was fe l t that the P NAT s needed some test  that wa s comp l i mentary , 
yet i ndependent of the two ti ssue P components . The Al ka l i ne 
Pho sphatase  Acti v i ty ( APA ) wa s chosen as  a thi rd P NAT for the 
ensu i ng season . ( See s ecti on 6 . 6  and secti on 2 . 6 . 1  for rat i onal e ) . 

A survey wa s carri ed out  on 9 Apri l 198 1  to sampl e  some tri bu tari e s  
o f  the Manawatu Ri ver for TP and to test any res i dent peri p hyton 
wi th the P NATs . The res u l ts are presented i n  tabl e 5 . 5 .  Genera l l y ,  
l ow T P  concentrati ons  were found . The Pohangi na Ri ver i s  noteworthy 
because of i t s h i gh TP concentrati on , re l a ti ve l y  l arge fl ow and 
because i t  j o i n s  the Manawatu Ri ver near Ashhurst ( Fi gure 1 . 2 ) . 
The re su l ts from the Tota l T i s sue Phosphorus ( TTP )  and 
Extract i ve Phosphoru s ( EP )  often appear to be contrad i ctory . The  
TP often i nd i cati ng l i ttl e avai l ab l e P wh i l e  the  TTP  i nvari ab ly  
i nd i cated a surpl u s . 

These resu l ts served to h i g h l i ght the fact that the NATs do not 
necessari l y  refl ect the nutri ent statu s of the water at  the t i me 
of sampl i ng ,  and u nderl i nw the need for a better u nderstand i ng 
of the P NATs and a t  l east  on add i t i onal  P NAT i n  the sampl i ng 
programme . ( Secti on 4 . 1 )  

The range of TP i nd i cated that the u l ti mate T P  content of the 
Manawatu R i ver ( bel ow i ts confl uence wi th the Pohang i na ( Fi gure 
1 .2 ) )i s a compos i te of many tri butar ie s  conta i n i ng vari ou s  amou nts  
of TP . 



TABLE 5 . 5 :  Periphyton su rvey, Phosphoru s Nutr ient  Ava i l a b i l i ty Tests 
and Tota l R i ver Phosphoru s from the Manawatu R i ver and 
some of i ts tri bu tar i es, 9 May 1981 

Maj or Peri phyton Total Extrac t i ve p Tota l 
Ri ver R i ver P ( % } T i ssue  

genera ( mg . m-3 ) ( % ) 

Mangahao Spirogyra* < 5 . 0  0 . 03 1 . 3 
Stigeoc loniwn* 

Maka kah i  Cladophora* , 9 . 6  0 . 13 2 . 1  
Ulothrix� Anacystis 

Mangata i noka Ulo thrix* < 5 . 0  0 . 04 2 . 3  

Mangata i noka  Ulothrix* <5 . 0  0 . 1 1 3 . 6  

Maku ri  Cladophor>a* < 5 . 0  0 . 22 5 . 0  

T i ramea Cladophor>a* < 5 .  0 0 . 06 2 . 4  
0 . 04 3 . 1  

Upper Manawatu Cladophora* <5 . 0  0 . 06 3 . 4  
0 . 06 3 . 3  

Upper Manawatu Cladophora* 8 . 9  NO NO 

Mangatanu i Spirogyra* 43 . 4  0 . 04 3 . 5  
Ulothrix* 

Upper Manawatu Cladophora* <5 . 0  0 . 04 2 . 5  
Anacys tis 0 . 03 2 . 2  

Pohang i na Cladophora* 25 . 7  0 . 06 4 . 4  

* S pec i es tes ted 

NO - No  Data 
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5 . 5  Pri mary producti vi ty a nd Di s so l ved Oxygen fl uctuati ons 

I n i t i a l s tud i e s showed that the u ps tream reaches ( from Ashhurst  
to  s i te M ( F i gure 1 . 2 ) ) experi enced a l most  i dent i ca l  d i urna l  DO 
f l u ctuat i ons . Thu s , s i ng l e  s ta t i on d i u rnal  DO ana l ys i s wa s u sed 
to e st ima te the commu n i ty pri mary product i v i ty ( See secti on 2 . 4  and 
3 . 8 . 2 ) . Duri n g  thi s sea son a l i mi ted number of conti nuou s DO 
mon i tori ng per i od s  were pos s i b l e .  However ,  they were carr i ed out 
u nder a vari ety of  cond i ti ons and gave a good i nd i cat i on of  the 
expected magn i tude and range of the var i ou s  pri ma ry producti vi ty components 
The data obta i ned are summari sed i n  ta b l e 5 . 6 .  

TABLE  5 . 6 :  

Date 

Pr ima ry 

Gross  

producti v i ty data 

Tota l 
Photosynthes i s Re sp i rati on 

-3 - 1 ( g o2m d ) ( g02m-3d - 1 ) 

23 . 1 . 81 4 . 90 -4 . 1 4 
3 . 2 . 81 7 . 92 -7 . 56 
2 . 3 . 81 1 .  2 1  - 1 . 3 1  
2 . 4 . 81 4 . 03 -3 . 93 
7 . 4 . 81  3 . 96 -4 . 70 
8 . 4 . 81 3 . 70 -4 . 68 

at s i te T duri ng early 198 1  

Net pr i mary P/R Net Area 1 
pri ma ry producti v i ty producti v i ty1 -3  - 1 ) ( g  02 m d { g  o2 m-2 d- ) 

0 . 76 1 . 18 0 . 38 
0 . 36 1 . 05 0 . 40 

-0 . 10 0 . 92 -0 . 09 
0 . 10 1 .  02 0 . 08 

-0 . 74 0 . 84 -0 . 65 
-0 . 98 0 . 79 -0 . 88 

The data were not extens i ve enough to warrant v i gorou s scrut i ny of a l l 
the DO defi c i ts ( DODs ) or mi n i mum DO concentrat ion s . Duri ng  the one 
maj or growth peri od (m id -March to ear l y  Apri l )  a DO mi n i mum and max i mum 

-3 -3 of 8 . 1  g m  and 1 1 . 2  g m  res pecti vel y ,  were fou nd on 8 Apr i l 1 98 1 . 
The water temperatu re at the m i n i mum DO wa s 1 5 . 5°C g i v i ng a DOD of 

-3  1 . 9  g m The re l at i ve l y  l arge nega t i ve pri mary producti v i ty du r i ng  
thi s two-day mon i tor i ng  peri od was apparentl y  due to  overcast  con­
d i t i on s  restr i ct i ng the gross  photosynthe s i s of the re l at i ve l y  h i gh 
Cladophora a s sembl age b i oma s s  den s i ty .  The effects of other factors 
on product i v i ty and DOD cou l d  obv i ou s l y  not be thorough l y  i nvesti gated . 
Thi s was to be one of the ma i n  a i ms of i nvest i gati ons i n  the 1 981/82 
and 1 982/83 seasons ( see Secti on 6 . 7 ) . 



5 . 6  Ammon i a  and pH 

The total ammo n i a concentrati on s  found at vari ou s  s i tes a l ong the 

Manawatu R i ver revea l ed peak s  at  s i te K ( Tabl e 5 . 7 ) . Th i s agreed 

wi th  prev i ou s  f i nd i ngs  that effl uent d i scharges , i n  part i cu l ar the 

freez i ng work s , were res pon s i b l e  for h i gh  ammon i a  concentrat i ons  
at  s i te K ( F i gure 1 . 2  and Sect i on 5 . 4 )  ( Curr i e ,  1977 ) . Samp l i ng 
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was carri ed out to e s t i mate spat i a l  and tempora l vari at i ons  rather than 

to i dent i fy max i mum concentrat i ons . ( Tab l e  5 . 7 ) 

The tempora l vari at i on a t  s i te T ( Tabl e 5 . 8 )  wa s mi n i ma l  i n  
compari son to observed down s tream fl uctuat i ons . Downstream tempora l 

vari a t i ons  were i nve st i gated i n  the 1 981 /82 season ( Sec t i on 6 . 8 ) . 

A l i mi ted number of s tud i e s  on pH fl uctuati on s were performed . Duri ng 
h i g her f l ows and per i od s  when a l ga l  b i oma ss  wa s mi n i ma l , pH was 

re l at i ve l y  s ta b l e  at approx i mate l y  7 . 5  � 0 . 4 .  However ,  dur i ng peri od s 

of h i gh  i n sol at i on when a l ga l  prol i ferati ons were es tab l i s hed , pH 

f l uctuat i ons were more d ramat i c  ( Tab l e  5 . 9 ) . At these e l eva ted pH 

l evel s ,  concern about tox i c  l eve l s of ammoni a i ncrea ses ( Sec t i o n  
2 . 3 . 2 )  and t o  thi s end , more i n ten s i ve mon i tori ng of t h e  p H  wa s 
performed dur i ng the fo l l owi ng sea son s ( Sect i on 6 . 8 ) . 



TABLE 5 . 7 :  Ammon i a  concentra t i on at  Vari ou s  S i tes  i n  Ear l y  1 98 1  

( Refer t o  fi gu re 1 . 2  for s i te l ocati on s )  

Ammon i a -N ( mg m-3
) 
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� e 7 . 1 .  8 1  13 . 1 . 81 20 . 1 . 8 1  27 . 1 . 81 3 . 2 . 81 10 . 2 . 81 1 7 . 2 . 81 25 . 2 . 81 

D 2 5  4 2  23 14 56 86 76 84 
M 48 22  27 75  36 99 4 1  25  
s 1 27  60  94  1 16 1 50 1 14 2 7 1  1 13 
K 380 1 02 137  183 1 5 1  130  1 98 2 1 2  

J 1 23 30 27  1 2 1  140 1 26 84 140  

0 8 1  1 1 4  83 98 187 50 60 275  

*Samp l i ng t i me wa s approxi mate l y  10 . 00 - 1 1 . 00 on each  date . 

TABLE  5 . 8 :  Total ammon i a  concentrati ons  at  s i te T 22 -23 Ma rc h 1981  

T ime 1300 1 5 1 5  1800 2 130 0730 1 1 1 5  1 3 1 5  

Ammon i a  -N ( mg m-3 ) 44 5 2  6 1  8 0  3 6  1 6  2 5  

TABLE  5 . 9 :  pH fl uctu at i on s  at  s i te M ,  1 1  Apri l 1981  

T i me 0930 1 1 30 1330 1 530 1 7 30 1 930 2 1 30 

pH 8 . 1  8 . 2  8 . 4  8 . 5  8 . 5  8 . 3  7 . 8  



CHAPTER 6 

RESULTS FROM THE 198 1/82 AND 1982/83 SEASONS 



107 

6 .  RESULTS FROM THE 1 98 1/82 AND 1 982/83 SEASONS 

6 . 1  I ntroducti on 

Th i s chapter repre sents a conti nuum of both sea sons i n  order to pre sent 

an i ntel l i g i b l e  sequence of events  from one year to the next . 

Patterns  and hypotheses i denti f i ed i n  one season can be tes ted 

aga i n s t  data from both . I deal l y ,  cont i nua l  yearl y mon i tor i ng wou l d  

be neces sary to d i scern s hort and l ong term changes i n  water qual i ty 
pa rameters . 

6 . 2  Phys i ca l  si te characteri s t i c s  

The three maj or samp l i ng s i tes , T , O and M ( See fi gure 1 . 2 )  were 

i nvesti gated i n  re l a t i on to the i r  average current vel oc i t i es and 

subs trate characteri st i c s .  The ranges of cu rren t vel oc i t i e s  
recorded du ri ng l ow fl ow peri od s  ( 1 2 -30 m3 s - 1 ) are presented i n  
ta b l e 6 . 1 .  Th i s  i l l u s tra tes the nature of each s i te's s l ope and 

exposure to the ma i n  ri ver fl ow .  S i te T wa s set apart from a deep 

TABLE  6 . 1 :  The range of average s i te ve l oci t i es recorded dur i ng 

l ow fl ow peri od s  ( 1 2 -30 m s- ) 
( Refer to fi gure 1 . 2  for s i te l oca t i ons ) 

S i te Cu rrent Ve l oc i t i e s 

T 0 . 6  - 0 . 9  
D 0 . 6  - 1 . 0 
M 0 . 4  - 0 . 7  

( m  S - 1 ) 

ri ver channel  area and con sequent l y  had a rel at i vel y s tab l e fl ow 
reg i me , be i ng somewhat protected from mi nor f l u s h  events , the bu l k  of 
i ncrea sed fl ows be i ng d i rected down the deep channel  area . 

S i te D experi enced a s i mi l ar range of current  ve l oc i t i e s  duri ng l ow 
fl ow peri ods . However , i t  wa s i n  the ma i n  r i ver channel  and con­
sequent l y  more exposed to the fu l l  force of the r i ver dur i ng fl u s h  
events . 

S i te M had genera l l y  l ower current ve l oc i ti es compared to the other 

maj or s i te s . T h i s was a ttri bu ted to the decrea sed r i ver s l ope . 
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Fi gure 6.2 A compari son of the areas taken up by d i fferent s tone s i zes , at  s i tes T , D , an d  M .  

( Tota l area of ri ver bed samol ed  = 4800 cm2 ) 
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( F i gu re 6 . 1 ) . Another feature of th i s s i te wa s the proport i on  of  

l arge s tab l e stones that  are rel a t i v e l y  i mmobi l e  i n  compari son to  

the su bs trate at  the other  s i tes . ( See fi gure 6 . 2 ) . 
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The d i s tr i bu t i on of s tone s i ze at each s i te ha s an  i mportan t  bear i ng 

on the s ta b i l i ty of the su bs trate and thu s i ts su i tab i l i ty as  an  

area for  Cladophora prol i ferat i on . The d i s tri bu t i on of s tone s i ze 

at  the var i ou s  s i tes i s  i l l u stra ted i n  fi gure 6 . 2  ( See sect i on 

3 3 . 2 ) At s i te T there wa s a not i ceabl e domi nance of re l at i vel y 
sma l l s tones between 1 -6 cm average d i ameter . I n  contrast , a t  s i te 0 

there was a more equ a l  s hari ng of the tota l  ' fl a t '  presented area 

( i . e .  each s tone i s  trea ted as  a fl at  d i sc )  between s tones i n  the 

2 - 1 2  cm d i ameter s i ze range . There were a l so more representat i ves  
from the l arger ( 6 - 1 2  cm d i ameter)  s tone s i zes . The d i stri bu t i on 
fou nd at s i te M i l l ustra ted a maj or rea son for genera l l y  h i gher 

Cladophora bi oma ss  den s i t i es be i ng found there . S i te M wa s 
u sua l l y  l eft wi th a remnant post- spate popu l a t i on ,  i n  contrast  

to  s i te 0 ,  and somet i me s  s i te T wh i c h  were often tota l ly dec imated . 
( See sect i on 6 . 4 ) . 

6 . 3  L i ght  and temperature cond i t i ons  

L i ght  and  temperature cond i t i ons  were genera l l y  s i mi l ar over the 
study per i od s  ( F i gure s  6 . 3  and 6 . 4 ) . One noti ceabl e d i fference 

can be seen between the November l i g ht  data , wi th the mon t h l y  

average be i ng con s i derabl y hi g her i n  t h e  1 981/82 season . Th i s ,  
comb i ned wi th the re l at i vel y s tabl e ri ver f l ow condi t i ons , ( S ee 
f i gures 6 . 5  - 6 . 8 )  appears to have produced cond i t i on s  more s u i t­

ab l e for  the e stabl i shment of  Cladophora i n  the 1 981 /82 season  

than i n  the 1982/83 season . The ava i l ab i l i ty of l i g ht  dur i ng the 
onset of the 1 982/83 season wa s muc h  reduced because of frequent  
fl u s h  events . ( F i gure 6 . 8 )  

The r i ver  temperature data are on l y  i ntended a s  a gu i de to the 
sea sona l vari ati on . Da i l y changes can be l arge and often rap i d ,  

dependant  not on l y  on tota l i n sol at i on but a l so on factors such  
a s  the  du rat i on of peak  i n sol ati on a nd the n i ghtt ime c l oud cover . 

( S ee append i ces  7&8)  These da i l y  f l uctuati ons , super i mposed on 
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F igure 6 . 3 Max i mum ll'i ver temperature s  and su rface l igh t i n ten s i ty, 
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1 982/83_ ( l i g ht mea su red 50  km from Pal mers ton North ) 
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a sea sona l trend , cou l d  i nf l uence the devel opment  of the peri phyton 

commun i ty s tructure . ( Wong et a Z� 1978 ) . However ,  some quant i tati ve  

measure wou l d  be  needed to account for t he magn i tude , dura t i on and 

frequency of the f l uctuat i ons  before any causa l  re l at i on s h i ps 
cou l d  be i denti fi ed . 

6 . 4  CZadophora b i oma s s  den s i ty and oeri phyton d i stri but i on 

The domi nant i nf l uence of f l u sh events on both CZadophora e sta b l i sh ­

ment  and prol i ferati on i s  i l l u s trated i n  fi gures  6 . 5  - 6 . 8 .  The 

b i oma s s  of the CZadophora a s sembl age frequen t l y  i ncrea sed from j u st 

v i s i b l e  tufts of approx imate l y 1 g DW m-2 to qu i te dense prol i -
f . -2 1 erat 1 ons  of 80 - 1 00 g DW m . One pea k va l ue i n  ear y J anuary 

1 982 of 300 g DW m-2 wa s a l i tt l e  suspect a s  the dryi ng  peri od 
was unavo i da b l y  cut s hort due to a breakdown of the 64°C dri er . 
The importance of spates i n  redu c i ng the stand i ng a l ga l  crop i s  
apparent i n  both seasons . I t  can a l so be deduced from the data 

that there wa s a need for a rel ati vel y steady ri ver f l ow before 

CZadophora cou l d  fi rst es tabl i s h and then prol i ferate . Duri ng 
the 1 982/83 season there were cons i derab l y mo re f l u s h  events i n  

November/December than i n  the prev i ou s  season . ( cf fi gures 6 . 6  

and 6 . 8 ) . These had three maj or effects : 

( i )  Any e stabl i s hed growt� were reduced or dec i mated , 

depend i ng on the s i ze of the fl u s h . 

( i i )  Du ri ng  the l arger spates the r i ve rbed substrate wa s 
thrown abou t ,  ri pp i ng off any ex i sti ng  vegetati ve  

f i l aments , and some overwi nteri ng ba sa l f i l aments . 

Spates cou l d  a l so sh i ft the who l e bed subs trate , 
bu ryi ng ex i st i ng stones wi th  newl y excavated one s . 

( i i i )  The l a rge f l u s h  events  can seri ou s l y  i nterfere wi t h  
t h e  l i fe cyc l e  pattern ( See sect i on 2 . 5 . 4 ) . D i sru p­
t i on s  to the sequence of zoospore produ cti on and 

e s tab l i s hment can mean that a l arge part of the 
i nocu l um potenti a l  i s  l ost  a s  the h i g h  curren t 
ve l oc i ty reduces the  number of zoo spores avai l ab l e 
and abl e to settl e on s tab l e ,  and mobi l e  substrate s . 



F igure 6.5 Cladophora b i  amas s fl uctuati ons  at  s i tes T , D and M . 1981/82 
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F igure 6 .1 Cladophora b i omass fl uctuati ons a t  s i tes T , D and  M .  1982/ 83 
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I n  the earl y staqes of the 1 98 1 /82 season there were few fl u s h  events 

of any magn i tude , and Cladophora prol i ferat i on s became e stabl i s hed 
throu ghout the u pper ri ver . The ba s i c  pattern of Cladophora deve­

l opment wa s seen to be one of exponent i a l  growth , i nterru pted by 

fl u s h  events . 

A styl i zed representa t i on of the exponent i a l  devel opment  and f l u s h­

i nduced dec i ma t i on of a Cladophora prol i ferat i on i s  presented i n  
f i gu re 6 . 9 .  The proport i on of each component i n  the Cladophora 

a s semb l age vari es  from s i te to s i te .  The s i te ve l oc i ty a nd h i story 

appear to be i mportant factors i nvo l ved i n  the qua l i tati ve descri p­
ti on . Du r i ng one Cladophora growth peri od the amount of dry we i ght 
debri s separated from the acti ve Cladophora fi l aments  wa s fou nd to 
be 41%  at  s i tes T and 0 and 47% at S i te M .  T h i s wou l d  appear to 
su bstan ti ate the observat i on that there wa s i nvari a b l y  more debri s 

a s soc i ated wi th the growth at S i te M .  ( S ee sect i on 6 . 2  and fi gure 
6 . 1 ) . The change i n  ri ver s l ope be tween s i tes  D and M ( F i gure 
6 . 1 )  together wi th a broader ri ver w idth  ( e . g .  50m at  S i te M ,  
42m a t  S i te 0 ,  fl ow = 1 5  m3 s - 1 wi th an  average depth at  both 
s i tes of 0 . 8m )  wa s re spons i bl e for a genera l l y  reduced current  

ve l oc i ty at s i te M .  S i te M wa s thu s more su scepti b l e to  the 
settl i ng out of part i c l es that wou l d  have rema i ned i n  su s pen s i on 

at  h i gher ve l oc i t i e s . The bi oma s s  wa s a l so  con s i stent l y greate st  
at  s i te M and u sua l l y  l east  at  si te D .  ( F i gures  6 . 5  and 6 . 7 ) . 
These i n ters i te d i fferences a re throught to be a consequence of 

s i te characteri sti c s  and the i r exposure to the force of fl u shes . 

( See sect i on 6 . 2 ) . The i n ters i te nutr i ent d i fferences are d i scu s sed 

i n  sect i on 6 . 5 .  However ,  these i nd i cated a l e s s  favourab l e nutri ent  
env i ronment  at S i te M ,  wh i c h was apparent l y  l e s s  i mportant  than 

the p hys i ca l /hydro l o g i c a l  i nters i te d i fferences that cau sed s i te 
M to be the most  favou rab l e for Cladophora as sembl age prol i ferat i on s . 

Macro and m i cro observat i ons duri ng Cladophora a s semb l age devel op­

ments and f l u s h - i nduced reducti on revea l ed that the post fl u s h  com­

po s i t i on vari ed between s i tes  and wa s a l so dependant on the 
magn i tude of the fl u s h . There were four maj or types of  response to 

f l u sh events , dependant on the a s semb l age compos i t i on ,  f l u s h  

magn i tude and a s sembl age pos i t i on i n  re l at i on t o  r i ver topography . 
Extreme a s sembl age c haracteri st i cs have been u sed to i l l u strate 
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these poi nts . 

C l ean Cladophora As semb l ages ( CCA ) are i dent i f i ed as  those l a rge l y  

devo i d  of epi phytes and mor i bu nd Cladophora , and D i rty Cladophora 

Assembl age s ( DCA ) as  those wi th  few heal thy Cladophora . Thu s , the 
effects  of  ' mi nor ' and ' major ' fl u s he s  on these two a s semb l age types 
are a s  fo l l ows : 

( a )  ' C l ea n  Cladophora As semb l age ' ( CCA ) 

( i )  Mi nor Fl u s h : Th i s wou l d  tear off a ny ea s i l y  removed 
and o l der , f i l aments and rol l some of the sma l l 

s tones .  The remnant commu n i ty wi l l  be very s i mi l ar 
i n  compos i t i on to the i n i t i a l one . 

( i i )  Major  Fl u s h : Becau se the CCA wou l d  be i n i t i a l l y  i n  a 

re l at i ve l y  swi ftl y fl owi ng regi on of the ri ver a 

maj or f l u s h  wi l l  have a l arge i mpact on the growth s ,  
often tota l l y  dec i mat i ng the CCA l eav i ng a bare stone 

substrate . 

( b ) ' D i rty Cladophora As semb l age ' ( DCA ) 

( i )  Mi nor Fl u s h : S i mi l arl y to the above s i tuat i on , a mi nor 
fl u s h  event wi l l  remove the o l der and eas i l y d i s l odged 
fi l aments . 

( i i )  Maj or Fl u s h : Because the DCA wou l d  be i n  a re l at i ve l y  

' protected ' r i ver stretch the effect o f  a maj or  fl u s h 
can often j u s t  remove a l a rge proport i on of the 
fi l amentou s materi a l  extend i ng out i n to the  r i ver , 
l eav i ng a c l ose l y  adheri ng mat of basal  f i l aments  

and a s soci ated debri s .  If  the f l u s h  i s  ma s s i ve enough , 
of course , i t  wi l l  tota l l y  dec i mate the DCA i n  a 

s i m i l ar fa s h i on to the CCA . 

As  the b i oma s s  bu i l d s  up , the fa s ter s l ou gh i ng -off rate i ncreases  
the  amou nt  of free f l oati ng f i l aments . These were mon i tored 
i nfrequent l y  at s i te T and fou nd to range from abou t 2-4 mg m-3 

dur i ng s teady f l ow per i od s  i n  the 1 981/82 season , at  b i omass  

l eve l s of a pprox i ma te l y 30-70  g DW  m-2 . ( See s ec t i o n  3 . 2 . 3 ) . 
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Duri ng the fol l owi ng  1 982/83 season the  frequent  s pate s  ear l y  i n  

the ' season ' ( Fi gure 6 . 8 )  apparen t l y  res tri c ted the e s ta b l i s hmen t  

o f  CZadophora, and s pec i e s  o f  Gomphonema and Stigeoc Zonium rap i d l y  
became abundant i n  the cool  water fol l owi ng f l u s h  events .  Quant i ­
tat i ve mea sures  of these spec i es were not made , a s  the i r morphol ogy 

and growth c haracteri s t i c s  were rad i ca l l y  d i fferent from those of 

CZadophora . Stigeoc Zonium tenue grows faster ( max imum s pec i fi c 

growth rate 2 . 5  t imes  greater ) than CZadophora g Zomerata u nder 

equ i va l ent  cond i t i ons ( Rosemari n ,  1 982 ) . However , i t  does not 

u sua l l y  pro l i fera te i n  fl owi ng r i vers ( average s i te ve l oc i ty 
> 0 . 4  ms - 1 ) such a s  the Manawatu Ri ver , a s  the substrate on l y  
su pports  a l i mi ted tu ft s i ze/l ength before s l ough i ng off occu rs  

( Ro semari n ,  1 982 ) . The vacated space  u sua l l y  had  a bac kground of  
Gomphonema and/or CZadophora, whi ch  t hen domi nated the n i che . 

Gomphonema wa s domi nant for most  of January ,  a pparentl y preferri ng 
the coo l ( < 1 7°C )  water that pers i sted after the maj or spate of 

December 26 1982 . ( F i gure 6 . 8 ) . There were i so l ated CZadophora 

growths  duri ng thi s peri od , however , the maj ori ty were th i c k l y  
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coated wi th  Gomphonema . As the r i ver tempera tu re i ncrea sed , toward s 

the end of January ,  the Gomphonema mat s  began to degrade and s l ough­
off . Th i s was pos s i b l y  due to i ncreased re sp i rati on domi nati ng 

photosyn thes i s caused by the d i fferenti a l  res pon se of the two 
proces se s  to temperature . A conti nua l  domi nance of metabo l i c  

acti v i t i es  by respi ra ti on l eads  to a l oss  o f  pho totroph v i ab i l i ty ( Lorenz & 
Herdendorf , 1 982 ) . Th i s prog ress i on l eft patches of roc k exposed 

from wh i c h  o l d  ba sa l  CZadophora fi l aments  began to devel o p , together 
wi th some Stigeoclonium col on i zati on . Cladophora eventua l l y  

domi nated the avai l a b l e su bs trate , and wa s mon i tored u n t i l a l arge 

f l u s h  at  the end of March ( Fi gure 6 . 8 ) , after whi ch , fi e l d work was 

curtai l ed .  ( Append i x  1 ,  photographs  3 & 4 )  
6 . 5  Nu tr ients  

6 . 5 . 1  Phosphoru s 

As  ment i oned i n  Sec t i on 5 .  3 ,  the average T P  concentrati on wa s l ow 
i n  compari son to mos t  overseas fi gures c i ted a s  neces sary for l ot i c  
CZadophora prol i ferati ons  ( Secti on 2 . 5 . 3 . 4 ) . The data presented 
i n  f i gure 6 . 10 i l l u strate the effect f l u s h  events  had on the TP 

concentrati on . Moni tori ng  of the DRP and n i trate duri ng t he 



1 981/82 season was aga i n  to have been undertaken by the MRWB , 

however , u nforseen d i ffi cu l t i es prevented th i s ,  l ead i ng to the 

need to p l ace i ncrea s i ng rel i a nce on the Nutr i en t  Ava i l a b i l i ty 

Tests ( Secti on 6 . 6 ) .  
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The fl uctuat i ons i n  T P  concentrat i ons  can be seen to be l i nked pr im­
ari l y  to the vari at i on s  i n  r i ver fl ow . ( F i gure 6 . 1 0 )  The peri od i c  

fl u shes cau sed by heavy ra i nfa l l can be seen to dramat i cal l y  i ncrease 

the P l oad of the r i ver . The extent  of t h i s  add i t i on wi l l  depend 

on many factors , i nc l ud i ng  ra i nfa l l i nten s i ty and durat i on , and 
the state of the catchment area i n  rel a t i o n  to i ts ab i l i ty to 

reta i n  P .  Thu s , wh i l e  a re l at i ve ly  mi nor fl u s h  toward s the end of 
December 1 98 1  cau sed a l a rge i ncrea se i n  TP , a much  l arger fl u s h  
towards the end o f  January 1 982 re su l ted i n  a very s i mi l ar T P  

concentrat i on . 

Du ri ng extended peri od s of l ow fl ow the TP concentra t i on decrea sed . 

Whether the reduct i on wa s so l e l y  attri butabl e to the fl ow decrea se 

i s  quest i onab l e .  The Cladophora pro l i ferat i ons , that occur 
exten s i v e l y  a l ong the who l e of the u pper Manawa tu Ri ver and some 
of the tri bu tari es , wi l l  through  the i r P u pta ke cau se some i mpact 
on the TP budget of the r i ver  system . Cladophora has  been shown 
to have h i gh spec i f i c  P u ptake ra tes i n  compar i son to ma ny other 

aquat i c  p l ants  ( Auer & Canal e ,  1 980 ; Howard -Wi l l i ams , 1 981 ) .  

I t  wou l d  be pos s i b l e to make an  est ima te of the P u ptake capac i ty 
of the Manawatu Ri ver  Cladophora and thu s the i mpact of th i s on the  
r i ver P concentrati on . However , such an  u nderta k i ng wou l d  have  to 

i nvo l ve some est ima te of the percentage ri ver bottom area covered 
by an average Cladophora b i omass . Th i s  wou l d  necess i tate some 
remote sen s i ng of the r i ver to get a rea l i st i c  e s t i mate of the 
average Cladophora percentage cover . Th i s i nforma t i on wou l d  then 
be comb i ned wi th b i oma s s  data and the resu l ts of P NATs . The 

l i mi ted resources of t h i s  s tudy meant that a more synopt i c  
approach  wa s adopted to o bserve P dynami cs . 

A d i u rna l  s tudy of TP , together wi th TN , TTP and E P  was carri ed ou t 

dur i n g  February 1 982 . The resu l ts are presented i n  fi gure 6 . 1 1 .  



F i gure 6 . 10 The average (3 s i tes) Total  ri ver Phosphorus and  ri ver f l ow , 1981/82 . 
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The i n i t i a l  T P  concentrati on wa s h i gh proba b l y  due t o  the after ­
effects of a recent  fl u sh ( Fi gure 6 . 8 ) , and whi l e  a l arge f l u ctua ­

ti on  of TP wa s observed , i t  wa s proba b l e that thi s wa s t h e  resu l t  
of stocha s t i c  proce sses  rather than a ma s s i ve p hotosyntheti ca l l y  

i nduced a l ga l  upta ke of P ( Round , 1 973 ) . There wa s a s l i ght 

i ncrease i n  TTP and EP . However , to make any u sefu l  i nference 
about the effect of C�adophora pro l i ferati ons  on the r i ver P a 

more i n ten s i ve tempora l , and spat i a l  study wou l d  be needed , mon i ­
tor i ng both the P NATs and the read i l y  avai l a b l e P ,  a s  opposed to 

the TP . Th i s wa s i nvesti ga ted i n  the fo l l owi ng 1 982/83 season ( See 
sec t ion  6 . 6 . 1 )  

I n  the 1 982/83 season i t  wa s dec i ded to persona l l y  mon i tor the 
DRP ( F i gure 6 . 1 2 )  . . Whi l e  th i s fracti on of the TP i s  not nece ssa­
ri l y  synonymou s wi th the  b i o l og i ca l l y  avai l a bl e P i t  i s  consi dered 

the next best thi ng for rou ti ne mon i tori ng .  ( Secti on 2 . 7 ) . 

Re l a t i v e l y  h i g h  DRP concentrati ons  were observed duri ng the i n i t i a l  
frequent f l u s h  peri od , however , from January 1983 the average DRP 

-3 concentrati on wa s never o bserved to fa l l  bel ow about 14  mg P m  

( See fi gure 6 . 1 2 ) . The prec i s i on duri ng th i s sea son wa s u sua l l y  
muc h  better than that fou nd for T P  i n  the preced i ng season . ( F i gure 
6 . 1 0 ) . The DRP appears to be l e s s  i nfl uenced by fl u s h  events 

a l though thi s observat ion  may we l l  be a resu l t of the sampl i ng 
reg i me u sed . The r i ver wa s not u sua l l y  samp l ed duri ng fl u sh  even ts 

and evi dence from the P NAT s  i nd i cated that there wa s an  i n i t i a l 

surge of avai l ab l e P wh i c h  does not l i nger as l ong as  

TP . Duri ng the i n i t i a l  stages of a fl u s h  event the r i ver apparentl y 
contai ned a l arge amoun t  of read i l y  ava i l ab l e P ,  after th i s  event 
the e l evated fl ow contai ned ma i n l y  pa rti cu l a te P and thu s sampl i ng 
at  th i s stage wou l d  not i nd i cate the pa st affl uence of  avai l ab l e P .  
The f l u s h  on 9 February 1 983 s i gn i fi cantl y ra i sed the DRP concen­
trat ion  from 3 to 9 mg P m-3 wh i ch was then s l ow ly  reduced over a 

peri od of  a bout  one month . Whether th i s reducti on wa s attri butab l e 

to a l gal  uptake or some other removal  mec han i sm cou l d  not be 

determi ned from the ava i l ab l e data . ( 32P l abel l ed DRP wou l d  be 

needed to a s se s s  the re l at i ve  i mportance of other P s i n ks ) . The 

DRP concentrati on s  recorded at  eac h s i te have been exami ned to see 
i f  there was s i gn i f i cant  DRP remova l a l ong the study reach  duri ng 
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steady fl ow , Cladophora pro l i fera t i on , cond i ti on s . ( F i gure 6 . 13 ) . 

I t  wa s not poss i b l e  to i denti fy a con s i stent reduct i on  of  DRP over 

the l ength  of the reac h u nder study ( 13 r i ver k i l ometre s from S i te 

T to S i te M ) . M i nor f l ow vari ati on s from the 26 to 2 9  January 

may have d i sturbed a down stream trend that wa s ev i dent  on 
26 January and 7 February . 

The i mpact of these very l ow DRP concentrati ons  ( 3 . 3  - 4 . 7  mg P m-3 ) 

are d i scu s sed fu rther i n  sect i on 6 . 6 i n  rel at i on to the P NAT 
re su l ts obta i ned duri ng the same peri od . 

The s i g n i f i cance of the D I N  to DRP ra ti o i s  d i scu s sed i n  s ect i on 
6 . 5 . 2 .  

6 . 5 . 2  N i trogen 

The Total  ri ver N i trogen ( TN )  observed duri ng the 1 981 /82 season 

genera l l y  fl uctua ted between 200 and 600 mg N m-3 ( F i gure 6 . 1 4 )  
One very l arge va l ue wa s obta i ned after a l arge fl u s h  i n  ear l y  

December 1 981 . Stud i es  o f  T N  and TP  duri ng ' off-season ' fl u s h  
events support the v i ew that ex treme l y  h i gh T N  concentra ti on s are 

u sual l y  fou nd after s pate s . The fl uctuati ons  of TN were not a s  
c l o se l y  l i n ked to the ra i nfa l l and con sequentl y i ncrea sed fl ows , 

as  TP wa s ( cf fi gures 6 . 1 0 and 6 . 14 ) . I n  abso l u te terms there 

wa s u sua l l y  a surp l u s  i n  re l at i on to the concen trati on d i ctated by 
the a l ga l  nutri ent  demand ( See sec t i o n  6 . 6 )  and the TP  

concentrati on . 

I n  the 1 982/83 season the amou nt  of read i l y  ava i l ab l e n i trogen ( n i trate -N 

and a�moni a -N )  wa s much  l e s s  than had been env i saged on the 

ba s i s  of TN concentrati ons  observed i n  the prev i ou s  sea son . ( Fi gure 
6 . 1 2 ) . The D I N : DRP rat i o ,  wh i c h  a s se s sed the avai l ab l e  r i ver 
nu tri ents  can be u sed , together wi th a knowl edge of, the a bsol u te 
concentrat i ons , Cladophora b i oma s s , and fl ow to get a n  a pprox i mate 
est imate of the comparat i ve nu tri t i ona l  capabi l i ty of the r i ver . 
Duri ng the re l at i ve l y  steady fl ow peri od that occu rred throug h  

January a n d  the fi rst  wee k  o f  February 1983 , the rat i o  wa s con s i s ­

tent l y  h i g h ,  a l though when cons i dered i n  the l i ght o f  re l at i vel y 

h i gh DRP l evel s ,  i t  shou l d  not be taken a s  ev i dence for P l i mi tati on 

of the Cladophora growth rate . After the f l u s h  event on  9 February 
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the  rat i o  began to  i ncrea se a l though  th i s was apparent l y  due to  a n  

i ncrease  i n  t h e  avai l ab l e n i trogen rather than a d i fferent i a l  

decrease of DRP over D I N . Another i n terest i ng  feature apparent  

from fi gure 6 . 1 2 wa s the  frequent s i mu l taneou s reducti on  i n  a l l 
the vari ab l e s  i l l u s trated . Th i s wa s e s pec i a l l y  consp i cuous  at  
the  beg i nn i ng of Marc h . T h i s effect i nd i ca ted that the ava i l a b l e 

N was pos s i b l y  becomi ng l i mi ted i n  rel at i on to the ava i l a b l e P .  

Th i s hypothe s i s i s  furthe r expl ored u s i ng the more d i rect N NATs 
i n  sect i on 6 . 6 . 2 .  

6 . 6  Nutr i ent  Ava i l ab i l i ty Te sts  

6 . 6 . 1  Phosphorus 

Du ri ng 1 981 /82 , fl uctu ati ons  of TP , TTP and EP  fo l l owed s i mi l a r 

trend s and an i nverse re l a ti onsh i p wa s observed between these 
vari ab l es  and the Al kal i ne Phosphatase Ac ti v i ty ( APA ) ( F i gures 

6 . 1 5 - 6 . 18 ) . The u sefu l ne s s  of compari ng the resu l ts of Phos phorus 
Nu tri ent Avai l a b i l i ty Te sts ( P  NATs ) wi th corre l ati on coeffi c i ents 
i s  reduced because of the fo l l owi ng :  

( a )  The vari ab l e re sponse t imes  ( See sec t i on 4 . 3 )  of the 
P NAT s  wi l l  mean  that TTP and EP  wi l l  s how recovery from 

l i mi ta t i o n  fa ster than APA . 

( b ) The natura l bi o l og i ca l  vari at ion  and changes cau sed 
by other factors ( e . g .  c ee secti on 2 . 6 )  duri ng t ime s  
o f  surp l u s  P wi l l  tend t o  h i nder the i denti f i ca ti on o f  
s pec i fi c  re l at i onsh i ps . 

Bear i ng these i nterpret i ve d i ff i cu l t i es i n  mi nd i t  i s  pos s i b l e to 
fo l l ow the three P NATs through the 1 981 /82 sea son . On f i gures 

6 . 16-6 . 18 the cri t i ca l  concentrati ons  or reg i on s  have been 

i nd i cated . Where a s i gn i fi cant d i fference occurred between the 
l i teratu re va l ue s  ( Sect i on 2 . 6 . 2 ) and the l aboratory cu l tu r i ng  
resu l ts ( Secti on  4 . 3 )  the  l atter were c hosen . The P NAT s  resu l ts 
for s i te s  T and D s how s i mi l ar ,  bu t not a s  pronounced , f l uctu ­

at i ons  to s i te M ,  these are i l l u s trated i n  f i gures 6 . 19 and 6 . 20 .  
The responses i l l u strate a tempora l con s i stence and a downstream 

trend of i ncrea s i ng P l i mi tat i on .  



Figure 6 . 1 5 T h e  ave rage (3 s i tes) Total R i ve r  Phosphorus ( T P )  
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Figu re 6 . 1 7 C�dophora Al kal i ne Phosphatase Ac t i v i ty ( APA ) a t  s i te M ,  1 981/82 . 
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The i denti fi cat i on of per i od s  of P l i mi tat i on by two d i fferent  

types of P NATs su bstanti ates the  hypothe s i s that the  g rowth 

rate of CZadophora prol i ferati ons  were at t i mes  l i mi ted by l ow 

concentra t i on s  of avai l abl e P du ri ng  the 1 981/82 season . 

132 

The P NATs  for Cladophora col l ected from s i te M duri ng  the 1 982/83 

season are presented i n  fi gures 6 . 2 1 and 6 . 22 .  These data 

i nd i cate that surpl u s  P wa s avai l a bl e to the mi n i ma l  CZadophora 

growth present before the peri od of errati c s pa te s  du ri ng December 
and January ( See s ect i on 6 . 4 ) . One sustai ned depre s s i on of TTP 

and EP concentrat i ons  occu rred du r i ng the beg i nn i ng of February 
1 983 . Th i s wa s mi rrored by an e l evated Phosphoru s Uptake Rate 

( PUR )  and APA , i nd i cat i ng that the l ow DRP concentra t i on of  a bou t 

4 mg P m-3 ( Secti on 6 . 5 . 1 )  wa s l i mi t i ng the CZadophora growth 
ra te . 

After the l a rge f l u s h  of 9 Februa ry had pas sed the DRP concentrat i on 

had i ncrea sed to 1 0  mg P m-3 ( F i gure 6 . 1 2 )  and a l l t he P NATs 
i nd i cated surpl u s  P wa s ava i l ab l e .  Toward s the end of February a 
per i od of reduced P avai l a b i l i ty wa s i nd i cated by a drop i n  the E P  concen tra ­

t i on . However , the TTP rema i ned h i g h ,  the APA very l ow , wh i l e  the  
PUR res ponse was not dec i s i ve .  

Duri ng March the data from the fou r NATs were often con trad i c tory , 

APA and PUR frequen t l y  i nd i cated P l i mi tati on wherea s TTP rema i ned 

cons i stent l y  h i gh and EP , whi l e  l ow ,  d i dn • t  drop to a cr i t i ca l  
-3 l eve l . The DRP dropped from approxi ma te l y  1 0  to 4 mg P m  a t  the  

beg i nn i ng of th i s  peri od and subsequen t l y  rema i ned. between  4 and 

7 mg P m-3 
( F i gure 6 . 12 ) . Thu s ,  fl uctuati on s around the hypothes i sed 

cri t i ca l  DRP concentra t i o n  of 4 mg P m-3 cou l d  have ena b l ed the 
rap i d l y  res pond i ng PUR to frequentl y i nd i cate P surpl u s . The h i g h  
APA was probabl y a remnant  of a bri ef P l i mi tati on peri od whi c h  
wa sn • t  prol onged enough t o  reg i ster on t h e  TTP a n d  E P  tes t s  ( Tab l e s  
4 . 1  a n d  4 . 2 ) . 

The i nter s i te var i at i on of  the four P NATs are presented i n  f i gures 
6 . 23 - 6 . 26 .  ( Prec i s i on i s  s i mi l ar to that presented i n  f i gure s  

6 . 21 -6 . 22 ) . These data i nd i cated a genera l i ncrease i n  P 

l i mi ta t i o n  mov i ng downstream a l ong the 13km study reach . Thi s was 



more pronounced between the resu l ts of  P NATs at  s i te T and those 

recorded for s i te s  D and M .  The i n ters i te d i fferences were com­
pared u s i ng s i mpl e t -tests  performed on the data from each s i te 

on every sampl i ng date . ( Append i x  6 ) .  The down s tream trend 
was mos t  apparent for TTP between s i te T and s i tes D and M .  

There wa s a l so a s i gn i fi cant ( P<0 . 05 )  d i fference between  s i te T 

and s i te s  D and M for EP  and APA . However , the PUR tes t  d i d  not 
s how any s i g n i f i cant  trend . Th i s wa s proba bl y due to i ts 

re l at i ve i n sen s i t i v i ty to sma l l d i fferences i n  ri ver ava i l abl e P 
concentrat i ons . 

6 . 6 . 2  N i trogen 
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Du ri ng  the 1981 /82 season no quant i tat i ve N i trogen NAT s were 
u nderta ken , becau se the cont i nua l  presence of ep i phytes and con s i s ­

tent l y  h i gh  TN concentrat i on i nd i cated surp l u s  avai l a b l e N ( Sect i on 
2 . 6 . 3 ) . However , the i n i t i at i on of mon i tor i ng the more avai l a b l e 
D I N  together wi th the recent l y  pu b l i shed cr i t i c i sms of the i nfa l ­

l ab l e nature of epi phytes a s  i nd i ca tors of surpl u s  ava i l ab l e N 
( Sect i on 2 . 6 . 3 )  l ead to the re-e s tab l i s hmen t  of mon i tor i ng N NATs . 

The TTN tes t  can be u sed i n  conjunct i on wi th  the TTP te s t  to g i ve 
the TTN : TT P  ra t i o whi ch ha s often been u sed to a s s i gn a l i mi t i ng 
rol e to e i ther N  or P .  Ra t i os range from 5 : 1  to 1 5 : 1  for ' norma l ' 
a l gae ( Rhyther & Dun s tan , 1 97 1 ) . A rati o greater than 30 : 1  i s  

u sua l l y  ta ken as  ev i dence of P l i mi tat i on and one l e s s  than 1 0 : 1  
i nd i cat i ve of N l i m i ta t i on ( Atk i nson  & Smi t h , 1 983 ) . However , due 

to the d i fferent i a l  cyc l i ng rates of N and P the rati o  s hou l d  
on l y  be u sed a s  a rough gu i d e  and s hou l d  on l y  be i nterpreted wi th  

a knowl edge of the abso l u te TTN and  TTP  concentrat i ons . 

The N NAT data for the 1 982/83 season are presented i n  f i gure 6 . 27 
together wi th  the TTN : TT P  rati o .  The TTN exh i b i ted one pronounced 

depre s s i on at  the beg i nn i ng of February 1983 , approac h i ng  the 

cri t i ca l  reg i on of approx ima te l y  2% i dent i f i ed i n  sect i on 4 . 3  but  
s t i l l  a bove the  1 . 1% c i ted i n  the  l i terature ( Secti on 2 . 6 . 3 ) . 

However , t h i s depre s s i on does not produce man i fe s ta t i ons  of N 

l i m i ta t i on i n  the AAR tes t , wh i ch never rose above 5 �g N ( 10 mg ) - 1 . 

hr- 1 i nd i cat i ng  surpl u s  N was present throughout  the season 

( Sect i on 4 . 3 ) . The TTN : TTP  rati o  usua l l y  rema i ned between the 
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F i gu re 6 . 23 Tota l T i s su e  Pho spho r u s  i n  Cladophora a t  s i te s  T , D a n d  M , 1 982/83  
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F i gu re 6 . 26 A l ka l i n e Phosph a ta s e Act i v i ty i n  Cladophora a t  s i te s  T I D a nd M I 1 982/53 . 
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l i m i ts  i nd i cat i ng N or  P l i mi tati on . Once dur i ng m i d -February the 

rat i o  dropped bel ow 10 bu t as  the TTN concentrat i on was 3 . 1% 

th i s re su l t  was not i nd i ca t i ve of N l i m i tat i on . 

These N NATs  resu l ts agree wi th the genera l l y  h i gh  D I N  concentra­

ti ons  and h i g h  D I N : DRP rat i os found dur i ng  the sea son ( Sect i on 

6 . 5  and fi gure 6 . 1 2 ) . The d i fferenti a l  reduct i on of D I N  over 

DRP that occurred duri ng earl y March , referred to i n  secti on 
6 . 5 . 2 ,  does not appear to be due to any N l i m i ta t i on , as i nd i cated 

by the TTN and AAR . Thu s i t  can be conc l uded that the CZadophora 

growth rate was never l i m i ted by N ava i l ab i l i ty duri ng the 1982/83 

sea son . 



6 . 7  Pri mary Product i v i ty and Di s so l ved Oxygen fl uctuat i on s  

6 . 7 . 1  I ntroduct i on 

T h i s sect i on has  been d i v i ded i nto two major  parts : 

( 6 . 7 . 2 ) 

( 6 . 7 . 3 )  

Pr imary product i v i ty {and r i ver commun i ty descri pt i on . )  

D i s so l ved Oxygen Defi c i ts ( DODs ) . 

1 4 1  

Wh i l e  the  two sect i ons  are i nt imate l y  a s soc i ated , they have i mpor­

tant  conceptua l  d i fferences .  Net commun i ty pri mary producti v i ty i s  a 

measure of the ri ver ' s  ab i l i ty to produce new organ i c mater i a l , 

however, i nterpretati on of producti v i ty data i s  very dependant on 

the measurement techn i que u sed . In  th i s study , product i v i ty was 

est imated by mon i tori ng the r i ver' s DO f l uctuati ons . Such an  approach 

i nvo l ves a number of a s sumpti ons  ( See sect i on 2 . 4 ) . 

Very d i fferent DO profi l e s may re su l t  from the net product ion  of 

equ i va l ent dry we i ght  b i omas s  peri phyton as semb l ages . ( Secti on 

6 . 4 ) . The DODs are a con sequence of the net commun i ty pri mary producti vi ty 

and as  they measure the depres s i on of DO bel ow saturat i on , they 

are parameters of pr ime i mportance for a r i ver such as  the 

Manawatu that has to wi thstand the effects of both organ i c d i s -
charges and CZadophora pro l i ferati ons  ( See sect i on 2 . 3 ) . 

6 . 7 . 2 Pri mary producti vi ty 

6 . 7 . 2 . 1 Pri mary producti v i ty duri ng the 1981/82 season 

Mon i tori ng of pri mary product i on began i n  earl y November 1 981  duri ng  

re l at i ve l y  modest f l ows of about 50 m3 s - 1 . At th i s  t i me there 

were no s i gn i f i cant amounts  of peri phyton v i s i b l e  i n  the r i ver . 

Duri ng December , CZadophora became estab l i s hed , a l be i t at  a l ow 

b i omas s  den s i ty ( approx i mate l y  3 g DW m-2 ) .  The metabo l i c  acti v i ty 

of  the CZadophora a ssemb l age caused gradua l  i ncreases i n  both 

Gros s  Photosynthes i s ( GP )  and Tota l Re sp i rati on ( TR )  ( Fi gure 6 . 28 ) . 
The m i d -January acce l erati on i n  Cladophora growth rate ( F i gure 

6 . 5 )  was mi rrored by the s harp i ncreases  i n  both GP and TR . After 

i nterrupt i on  by a maj or f l u s h  event ( F i gu re 6 . 6 )  th i s  pattern of 

rap i d  i ncreases i n  GP and TR was repeated . However , dur i ng  m i d­

February a sudden ha l t  was observed i n  the i ncrease of GP . There 



F igure 6.2 8 Gros s  Photosyn thes i s  ( GP) and Tota l Respi rati on ( TR) 
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was no f l ow var i at i on or major reducti on of da i l y  i nso l a t i on dur i ng 

thi s per i od . ( See append i x  7 ) .  The reason for the marked decrease 

in  GP was mos t  l i ke l y  attri bu tabl e  to two cau ses : -

( a )  The average r i ver temperature dropped from 2 1°C to 16°C over 

a four day per i od , mos t  l i ke l y  due to heat l osses  duri ng a 

spe l l of very c l ear  n i ghts . 

( b )  P NATs duri ng the per i od i nd i cated that metabo l i c  acti v i t i es , 

and hence the growth rate , were bei ng l i mi ted by the ava i l a­

b i l i ty of P ( F i gures 6 . 1 5 - 6 . 18 ) . 

After a ser i es of maj or f l u shes  ( Fi gure 6 . 6 )  the CZadophora became 

re -e stab l i s hed and h i gh  va l ue s  of both GP and TR were observed . 

The prol i ferati ons were then affected by a number of sma l l f l u shes  

wh i c h eventua l l y reduced bi oma s s  l evel s and ma i n ta i ned a h i gh l eve l 

of turb i d i ty i n  the r i ver re su l ti ng i n  the • ta i l i ng off • of both 

parameters observed towards  the end of Apri l .  

The data i n  fi gure 6 . 28 were u sed to construct  fi gure 6 . 29 .  The 

l i near nature of the re l a t i on s h i p ( r2 
= 0 . 826 ) wi th a regre s s i on  

s l ope of 0 . 992 i l l u s trated that  over the who l e season the  r i ver 

• average • i nd i cated that the peri phyton commun i ty was phototroph i c .  

The scatter of the data i n  f i gure 6 . 29 around the P/R= 1 . 0  l i ne ,  

reveals many examp l es  of domi nance by both photosynthet i c and 

re sp i ratory act i v i ty .  The regres s i on i ntercept at  zero Gross  

Photosynthes i s i nd i cates  an  average background re sp i rat i on of  
-3 - 1 0 . 42 g 02 m d i n  the absence of any photosynthes i s .  A c l earer 

p i ctu re of the chang i ng troph i c  statu s of the r i ver can be seen i n  

fi gure 6 . 30 . The drama t i c  c hanges observed duri ng  November and 

December are a re su l t of sma l l changes i n  GP and especi a l l y  TR 

wh i ch are man i fest  as l a rge var i ati ons  i n  the P/R  rat i o  but i n  

abso l ute terms , the net resu l t  ( F i gure 6 . 3 1 )  i s  much l es s  dramat i c .  

After th i s peri od there were three notab l e i nterva l s that had P/R  

greater than  one , i nd i cat i ng the  autotroph i c natu re of the a ssemb­

l age . The envi ronmental  features common dur i ng  these per i od s  

were e i ther i ncrea sed i nso l at i on  or a drop i n  r i ver f l ow ,  both 
hav i ng the same net effect of i ncreas i ng the avai l ab l e l i gh t .  

( F i gure 6 . 6  and append i x  7 ) .  I t  shou l d  be noted however ,  that 
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F igure 6.2 9  The rel ati onsh ip between Gross  Photosyn thes i s  and 

Tota l Respi ra ti on duri ng 1981/82 . *  
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dur i ng the course of the day there can be rapi d  ( i n  terms of mi nutes ) 

c hanges i n  the GP profi l e  cau sed by vari at i ons  i n  the l i ght  c l i ma te .  

( Ga l l egos ,  1 977 ; Ke l l y  et al,  1983 ) . 

The l ow P/R rat i o s  recorded dur i ng Apri l were i nd i cat i ve of some of 

the po i nts made earl i er ( Secti on 6 . 4 )  i n  reference to the ' c l ean ' 

and ' d i rty ' Cladophora a s sembl ages . ( CCA and DCA ) . The seri e s  of 

sma l l f l u s h  events  ( Fi gu re 6 . 6 and append i x  7 ) l eft a DCA and 

very turb i d  waters often pers i sted . The net resu l t wa s that wh i l e  

the amount  of potent i a l  phototrophs  wa s h i gh ,  GP wa s mi n i ma l  com­

pared to the DCA TR . 

The data i n  fi gure 6 . 28 can a l so be u sed ( together wi th  the 

average r i ver depth ) to determi ne the Net A rea l  da i l y  Pr i mary 
Producti v i ty ( NAP )  wh i c h  i s  the ba s i c  term for descri b i ng the 

bu i l d up of organ i c  materi a l  i n  an  aquat i c  system ( Sect i on 2 . 4 )  

( F i gure 6 . 3 1 ) . The majori ty o f  the data i nd i cate a ri ver o f  re l at­

i ve l y  modest producti v i ty ( Secti on 2 . 4 ) . However , there are two 

i n stances of l arge negat i ve NAP va l ues  wh i c h  i l l u s trate the drama­

ti ca l l y  d i fferent effects that can resu l t  from j u s t  one Cladophora 

a s semb l age . T he f i rst rad i ca l  departure happened i n  m i d -February 

and was the resu l t  of a sudden per i od of extreme l y  overcast  cond i ­
ti ons  occurr i ng after a l ong spe l l of fi ne weather when Cladophora 

prol i ferati ons were exten s i ve ( the average s i te b i omas s  den s i ty 

had reached 65 g DW m-2 ) ( See a ppend i x  7 ) .  The second major  

depres s i on occurred i n  ear l y  Apr i l and  wa s the resu l t  of  i ncreased 

turb i d i ty and reduced b i omas s  cau sed by sma l l f l u s h  events . ( F i gu re 

6 . 6 ) . The mi nor vari at i ons  i n  NAP do not a ppear to be eas i l y  

expl a i ned by changes i n  ava i l ab l e l i ght , temperature ava i l ab l e 
P ,  or f l ow .  Note , however , the approx i ma te e st imati on o f  the avai l ­

a b l e l i ght  ( Secti on 3 . 4 ) . Dur i ng the three peri od s  of exten s i ve 
Cladophora prol i ferat i ons  the P NATs i nd i cated that there was some 

l i m i tat i on of the growth rate . The subj ect of factors that affect 

the Cladophora a s semb l ages metabo l i c  acti v i ti es wi l l  be d i scu s sed 

i n  deta i l i n  Sect i on 6 . 7 .  3 .  

One a spect o f  NAP data that deserves greater attent i on i s  the da i l y  

Net Pr imary Producti v i ty (PR)  profi l e  wh i ch can i l l u strate a number of  
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i mportant poi nts . The data i n  f i gure 6 . 32 represent PR  profi l es 

obta i ned duri ng var i ou s  env i ronmenta l  cond i t i ons  and Cladophora 

bi oma s s  den s i t i es . The prof i l e  obtai ned duri ng the absence of 
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any exten s i ve Cladophora growths  had a modest  regu l ar fl uctuati on 

wh i l e  that recorded j u s t  pri or to the February f l u s h  ( F i gure 6 . 6 )  

i l l u strated the s i tuat i on that can occur at  h i gh b i omas s  dens i t i e s  

when the ava � ab l e l i ght  i s  abrupt l y reduced . The photosynthe t i c  

e l ectron transport system reacts rap i d l y  t o  changes i n  avai l ab l e 

l i ght and thu s the metabo l i c  react i ons  i nvo l ved i n  the producti on 

of DO are a l so fa i r l y  rap i d l y  affected ( Ga l l egos , 1 977 ; Ke l l y et  

al , 1983 ; Round , 1973 ) . However , the  a s semb l age resp i rat i on  does 

not appear to be reduced to the same extent , resu l ti ng i n  a l a rge 
negat i ve NAP ( F i gure 6 . 3 1 ) . The profi l e  obta i ned duri ng 27 -28 

March 1 982 i nd i cated the re l at i ve ly  h i gh l evel s of both po s i t i ve 

and negat i ve PR that can resu l t  from a modest Cladophora b i oma s s  

when exposed to moderate i n so l a t i on . No apporti oni ng of the 

re sp i rat i on between commu n i ty components wa s made becau se the who l e 
as sembl age pri mary producti v i ty wa s be i ng mon i tored . 

The l ow pre -dawn and h i g h  post-sunset hour ly  NAP va l ue s  observed 

duri ng prol i fera t i on peri od s  are i nd i cat i ve of photoresp i rati on 

( l i g ht dependant DO uptake and d i s so l ved co2 re l ea se )  occurri ng 
i n  the Cladophora as semb l age .  ( Secti ons  2 . 4  and 3 . 8 . 2 ) . 

The components of net commu n i ty pr imary producti v i ty can be used to descri be 

the eutroph i cat i on  potenti a l  and degree of organ i c pol l u t i on of a 

r i ver . ( Hornberger e t  al ,  1 977 ) . Such a descri pti on i s  presented 
i n  fi gure 6 . 33 u s i ng the data from the 1981 /82 season . The absc i s sa  

may be  con s i dered a s  a re sp i rati on i ndex and the  ord i nate a s  a 

eutroph i cat i on i ndex . 

The areas marked on  the graph have been emp i r i ca l l y  deri ved and are 

s im i l ar to those descri bed by Hornberger et al,  ( 1977 ) . They shou l d ,  

however , on l y  be taken a s  gu i de l i ne s . Over the who l e season , most  
of the  pos s i b l e comb i nat i ons  were observed . The data can be 

d i v i ded u p  i nto three sec t i on s  ba sed on the peri p hyton devel opment .  

( a )  The three data po i nts  i n  the u pper l eft-hand secti on , were 

a l l deri ved from the November pre-pro l i fera t i on peri od when 



150  

t here was l i tt l e peri phyton present i n  the r i ver . ( See f i gure 

6 . 5 ) . 

( b ) The data poi nts  observed be l ow the / ( P/ R) = 0 . 7  l i ne were a l l 

from the Apr i l peri od duri ng wh i c h  there was a l ow b i omas s  

DCA and a number o f  sma l l f l u s hes . The data po i nt i n  the 

l ower r i ght-hand s i de wa s obtai ned on 6 Apr i l .  Th i s wa s 

the f i rst  mon i tor i ng day after the maj or f l u shes . ( See 

fi gure 6 . 6 ) . The water was marked l y  turbi d  and apparen t l y  

man i fe st  as  a cond i t i on move u sua l l y  a s soci a ted wi t h  a n  

organ i ca l l y  pol l u ted r i ver , i . e .  one that wou l d  have a fa i r l y  

h i g h  T R  but comparati ve l y  l i tt l e  GP . T he turb i d water 

restr i cts the photosyntheti c act i v i ty of the peri phyton , and 

wi l l  u sua l l y  conta i n l arge numbers of heterotroph i c bacteri a 

that have been swept i nto the ri ver a l ong wi th a surp l u s  of 

read i l y  avai l ab l e nutr i ents . 

( c )  The th i rd i denti fi ab l e sect i on of the d i agram i s  the broad 

sweep runn i ng d i agona l l y  acros s  of the graph from l eft to 

ri ght . Th i s  i l l u s trates the trend of i ncrea s i ng eutroph i c­
ati on that  occurs  as  the  Cladopho�a became estab l i s hed 

throughout the r i ver . Examp l es  on the graph show the 
grada t i on that can occu r ,  from a very l ow den s i ty of 

Cladopho�a ( < lg  D W  m-2 ) ( square s )  to resu l ts obta i ned on one 

6 -day mon i tori ng per i od when there was a modest  b i oma s s  den s i ty 

( 1 2 -24 g DW m-2 ) ( fu l l  c i rc l e s ) . 

The magn i tude of the d i urna l DO fl uctuat i ons  ( 6DO ) that resu l t from 

the metabo l i c  act i v i t i e s  of the Cladopho�a a s semb l ages can be u sed 
as an i nd i cati on of the r i ver product i v i ty ( Fi gure 6 . 34 ) . The 

6DO does not , take any account  of temperature and reaerat i on but 

neverthe l e s s  i s  a s i mp l e ,  ea s i l y  i nterpretab l e presentat i on of data 

from many DO profi l es .  The trends observed i n  f i gure 6 . 34 c l ose l y 

fo l l ow those observed earl i er i n  f i gure 6 . 28 .  

Another u sefu l  peri phyton commun i ty descri pti on can be found by com­

pari ng  dai l y  GP and the 600 ( Fi gure 6 . 35 ) . 
If  the 6DO was cau sed by a heterotroph i c  commun i ty the rati o 

{ GP/6DO ) wou l d  be marked l y  l es s  than 2 .  The data i l l u strated i n  
f i gure 6 . 35 are c l u s tered around the regre s s i on s l ope of  1 . 98 
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F i gure 6 . 34 The da i ly d i sso l ved oxygen fl uctuat i ons (�00 ) , 1981/82 . 
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( r2 = 0 . 7 93 ) i nd i cat i ve of a p hototroph -domi nated peri p hyton 

commu n i ty .  The dev i at i ons  away from the re l at i on s h i p do not 
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appear to be ea s i l y  exp l a i ned i n  terms of env i ronmenta l c hanges . 

However , th i s may be more i nd i cat i ve of  the env i ronmenta l  vari ab l e s  

be i ng measured rather than the i r i nvo l vement i n  a l ga l  metabo l i sm .  

Al so these va l ue s  are da i l y  compar i sons  and are thu s i ntegra l s 

of often rap i d l y  c hang i ng metabol i c  acti v i ty .  

6 . 7 . 2 . 2  Pri mary producti vi ty duri ng the 1982/83 sea son 

Cladophora d i d  not pro l i ferate duri ng the f i rst  few summer months  

( Secti on 6 . 4 ) . Gomphonema i n i t i a l l y  domi nated the  ava i l ab l e 

substrate and was gradua l l y  rep l aced by Cladophora duri ng  l ate 

January .  

The data pre sented i n  fi gure 6 . 36 i l l u s trate a number o f  d i fferences 

between th i s season and the prev i ou s  one . Du r i ng ear l y  December 

the h i g h  TR compared to the GP i nd i cated the effects of the 

Gomphonema-domi nated peri phyton . The sudden l y  i ncrea sed TR 

at  th i s t i me appears to be a resu l t  of s l i ght f l ow i ncrea ses  

�esu l t i ng i n  turb i d i ty i ncrea ses and reduced i nso l at i on ) and over­
cast cond i t i on s . ( Append i x  8 ) .  The general pattern of  fi gure 

6 . 36 was s i mi l ar to that observed i n  the prev i ou s  season . That 

i s ,  i ncreases i n  both GP and TR , wi th mi nor fl uctuati ons , were 

observed as peri phyton ( Gomphonema and Cladophora ) b i omas s  
i ncreased . ( See f i gures 6 . 7  and 6 . 8 and append i x  1 ) .  Other 

mon i tored parameters appeared to have l i tt l e affect on  the GP and 

TR ( See append i ce s  7 & 8 ) . Th i s  cou l d  be attri buted to the 

h i gh l y  var i ab l e compo s i t i on of the peri phyton commun i ty dur i ng  the 

1 982/83 season i n  contrast to the 1 981 /82 s i tuat i on ( See s ect i on 

6 . 4 ) . The abso l ute GP and TR va l ue s  are genera l l y  a l i tt l e h i gher , 

and may have been due to the prol i ferat i ons bei ng more exten s i ve 

throughout the r i ver . 

The P/R  data pre sented i n  f i gure 6 . 37 i l l u s trate a wi de  range of  
va l ues . There are many examp l es  of cond i t i ons  away from , e s pec i a l l y  

bel ow , the P/R = 1 l i ne .  However ,  the range of P/R va l ue s  observed 

dur i ng  both  season s were very s im i l ar ( 1 981 /82 : 0 . 32-2 . 64 ;  1 982/83 : 

0 . 35-2 . 28 ) . The scattered nature of the data i l l u strated a 
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F igure 6.39 The rel a t i on s h i p  between Gro s s  Photosyn thes i s  and 

Tota l Respi rat i on , 1982/83 .* 
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con sequence of the  d i fferent  peri phyton commu n i t i es that  devel oped 

dur i ng the season . There are few examp l es of  TR l es s  than 4 g 02 
-3 - 1 m d compared to the prev i ou s  season . Th i s  wa s proba b l y  due  

to background growths  of e i ther Gomphonema or C'ladophora bei ng 

present at the start of mon i tor i ng per i od s . 

The tempora l changes of P/R presented i n  fi gure 6 . 38 demonstrated the 

nature of the var i ou s  per i phyton as semb l ages . Most  of the 

mon i tor i ng per i od s  i nd i cated that resp i ratory act i v i t i ed domi nated 

photosynthe s i s .  The fi rst  peak i n  January was attri buted to i ncre­

a s i ng avai l ab l e l i ght  due to a decrea s i ng f l ow ( and hence decrea­

s i ng turbi d i ty )  and i ncreased i nso l at i on . ( See append i x  8 ) .  

The fo l l owi ng trough  wa s due to a sudden sma l l f l ow i ncrease 
( F i gu re 6 . 8 )  whi ch , as i t  rap i d l y  su b s i ded , a l l owed a new peak to 

occur .  Fu rther mi nor fl u s hes  i ncrea sed water turbi d i ty and reduced 

P/R be l ow one . A part of the P/R reduct i on may be attri butab l e to 

P l i m i ta t i on wh i c h  wa s apparent duri ng th i s  peri od . ( Secti on 

6 .  6 ) . 

The data dur i ng  ear l y February \\e re  a refl ecti on of the re l at i ve l y  

l ow C'ladophora b i omas s  den s i ty and the conti nued presence o f  some 

Gomphonema ( see Sect i on 6 . 4 ) . The Gomphonema growths  were reduced 

to trace amounts  by ear ly  March . The promi nent P/R peak on 

2 March may be attri buted to a sudden i ncrease i n  l i ght  avai l a b l e 

to a rel at i ve l y h i gh CCA b i omas s  after a per i od of overcast  con­

d i t i on s . ( See append i x  8 ) .  The ava i l ab i l i ty of P wa s vari ab l e 

duri ng  th i s  per i od and the peak P/R may have been , i n  part , due  to 

a re l ease  from P l i mi tat i on .  ( F i gures 6 . 1 5 - 6 . 18 ) . 

The P/R  data obtai ned duri ng  March were pr imar i l y  affected by f l u s h  

event s  ( Fi gure 6 . 8 )  wh i ch can l eave a l gal  commu n i t i es , both 

quant i tati ve l y  and qual i tat i ve l y  d i fferent  from the  i n i ta l  

a ssemb l age .  ( Sect i on 6 . 4 ) . These commu n i t i es wi l l  i n  turn exh i b i t 

very d i fferent photo- or heterotroph i c  characteri  s t i es .  

The Net Areal  Pri mary Product i vi ty ( NAP )  data i l l ustrated i n  fi gure 6 . 39 

demonstrated both per i ods  of Gomphonema and C Zadophora domi nance . 

The major feature of the data i n  f i gure 6 . 39  was the range of the 
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NAP i n  compar i son to the va l ues  recorded i n  the prev i ou s  season , 

( Fi gure 6 . 3 1 ) . Comparati ve l y  h i gh l evel s of both negat i ve and 

pos i t i ve NAP were observed . The NAP was predomi nant l y  negati ve , 

unt i l the l arge f l u s h  i n  February 1 983 , presuma b l y  due to the 

Gomphonema mats act i ng as  l arge l y  heterotroph i c commun i ti e s .  The 

l arge max i mum 000 reported i n  Secti on 6 . 7 . 3 . 3  wa s a resu l t  of 

th i s act i v i ty .  As the CZadophora began to become establ i s hed , 

after the February f l u s h  the frequency and magn i tude of pos i ti ve 

NAP va l ue s  i ncreased . The negati ve NAP va l ues  recorded towards 

the end of March i nd i cate the resu l ts of f l u s h  events . ( See 

f i gures 6 . 7  and 6 . 8 ,  and above ) . The importance of the NAP 

as compared to the P/R rati o i s  that the magn i tude of the produ ­

ct i v i ty can be a ssessed . 

1 59  

The  Hornberger P l ot ( F i gure 6 . 40 )  prov i des  some very u sefu l i nfor­

mat ion  when compared to that obta i ned duri nq the prev i ou s  season . 

( F i gu re 6 . 3 3 ) . Genera l l y ,  the two graphs  are s i mi l ar ,  wi th 

the major i ty of po i nts i nd i cati ng substant i a l  eutroph i cati on and 

at  t i mes  organ i c  pol l u ti on . One d i fference between the two 

p l ots was the i ncreased number of examp l e s  of potenti a l  eutroph i ca­

ti on ( i . e .  h i gh I ( P/R ) ) .  Another important  d i fference wa s that 
were a l so more exampl es of data wi th h i gh l og 1 0  T R  val ues , demon ­

strat i ng aga i n  that a s i tuat i on of ' organ i c  pol l u t i on •  can ari se  

u sua l l y  a s  a con sequence of the  peri phyton commu n i ty compos i t i on , 

ri ver turb i d i ty ,  a s soci ated mi crob i a l  acti v i ty and env i ronmenta l 
condi t i ons . 

The datum poi nt i n  the top l eft-hand sect i on was from 2 February 

and the probab l e rea son s ,  for i ts very h i g h  P/R va l ue , were 

out l i ned earl i er .  

There was a not i ceabl e a bsence of data poi nts  i nd i cat i ng  ' C l ean • 

cond i ti on s . T h i s was due to the presence of Gomphonema growths  

duri ng  a l l the  mon i tor i ng per i od s  pri or to  February . Thu s , there 

was no mon i tori ng carri ed out when stone surfaces were free from 

peri phyton growth . The temporal changes i n  600 are presented i n  

f i gure 6 . 4 1 ,  these refl ect the changes seen a bove ( Fi gu re 6 . 36 ) . 

As i n  the prev i ou s  season the data i l l u s trate the man i fe s tat i ons  

of per i p hyton metabo l i c  acti v i ti es .  The ampl i tude of the 

- -----------------------
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fl uctuat i on bei ng an  i nd i cat i on of the combi ned effects of GP 

and TR.  The magn i tude of f l uctuati ons were s i mi l ar to those 

observed i n  the prev i ou s  season . ( F i gure 6 . 34 ) . The a b i l i ty of 

a l arge part of the TR  to rema i n  after the GP has  been reduced 

wi l l  be d i scu s sed i n  re l at i on to the max i mum DOD i n  Sec t i on 

6 . 7 . 3  

The re l at i ons h i p  between the GP and the 6DO can serve a s  another 

u sefu l commun i ty descri pt i on . The data i n  f i gure 6 . 42 i l l u s trate 

a number of d i fferences from the data of the prev i ou s  season 

( Fi gure 6 . 35 ) . The s l ope of the regres s i on l i ne i s  greater ( 2 . 14 

compared wi th  1 . 98 ) , the scatter of poi nts a bou t the l i ne i s  

greater ( r2 
= 0 . 568 ) and there are more examp l e s  of GP greater 

than 10  g o2 m-3 d - 1 .The most  probab l e cause of these h i gh  va l ues  

wa s the concurrent l y  h i gh TR va l ues . A h i gh GP produced from a 

br i ght l y l i t CCA wi th  a l ow TR wou l d  enabl e a l a rge 6DO to be 

ach i eved . However , i f  the peri phyton wa s a DCA wi th a consequen­

tl y h i gher TR the DO i npu t to the ri ver wou l d  be offset, to some 

degree , by the re l at i ve l y  h i gher dayt i me u ptake due to the 

commun i ty resp i rati on . 

The 6DO can be a very u sefu l parameter re l a t i ng  the pri mary pro­

ducti v i ty and the DO profi l e ,  however i n  terms of water qua l i ty 

effects , the DOD prov i de s  more i nformati on . The max i mum DOD 

( DODm ) descri bes the worst case s i tuati on and warrants  carefu l 
study i n  r i vers that have yet to a s s i mu l a te the oxygen demand s of 

orga n i c  d i scharges . ( Sect i on 6 . 7 . 3 ) . 

162  

6 . 7 . 2 . 3  S pat i a l  var i at i on and apport i on i ng pri mary pr o d u c t i v i ty 

Duri ng  the 1 981/82 season , spasmod i c  s h i ng l e extracti on t hrou ghout 

the Manawatu R i ver upstream of s i te M ( F i gure 1 . 2 )  produced 

marked c hanges i n  the r i ver water transparency . I n  an  effort to 

check the con sequences of th i s on the s pat i a l  DO vari a t i on and 
NAP , the pri mary producti v i ty between s i te T and s i te D was i nves t i gated 

over the peri od 1 2 - 1 3  February 1 982 . The
-
DO profi l es obtai ned 

are shown i n  f i gure 6 . 43 and the pri mary producti v i ty data are presented 

i n  tab l e  6 . 2 .  
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Figure 6.42 The rel at i onsh ip  between Gross  Photosynthes i s  and 

the Di s so l ved Oxygen fl uctua t i on (�DO ) 1982/83 . 
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TABLE  6 . 2 :  Compari son of �ri mary producti v i ty at  s i tes T and D 1 2 - 1 3/2/82 

Gros s  Photosynthes i s  Total Resp i rat i on Net Area l  Pri mary 

S i te -3 - 1 -3 - 1  Producti vi ty ( g o2 m d l ( g o2 m d l -2 - 1 ( g 02 m d ) 

T 

1 2 . 2 . 82 7 . 8  -6 . 5  +1 . 4  

1 3 . 2 . 82 6 . 7 -5 . 3  +1 . 5 

D 

1 2 . 2 . 82 8 . 8  -4 . 9  +2 . 7  
1 3 . 2 . 82 7 . 4 -6 . 8  +0 . 4  

Wh i l e  the profi l e s i n  fi gure 6 . 43 a ppear very s i mi l ar ,  sma l l 

d i fferences can be attri bu ted to l a rge vari at i ons i n  a l ga l  metabol i c  

acti v i ty .  T he d i fference between peak he i g hts  o n  1 3  February was 

the resu l t  of maj or d i fferences i n  metabo l i c  acti v i ty ( S ee 

tab l e 6 . 2 ) . There are a vari ety of factors that cou l d  contri bu te 

to these i n ters i te vari at i ons . Qua l i ta t i ve ob servat i ons  of 

Cladophora above s i te T and a l ong the ? km stretch between the s i tes , 

d i d  not revea l any gros s  d i fferences . The most  probab l e cu l pr i t 

was between  s i te ,  meta l extracti on acti v i t i e s  wh i ch can cau se 

vari at ions  i n  water transparency and nutri ents . There are no 
po i nt d i scharges , or s i gnfi cant tri bu tary i n fl ows a l ong  th i s ri ver s tretch . 

These re su l t s  a l so demonstrated the need to e stab l i sh an  upstream 

mon i tori ng  s i te nearer to the poi nt  of  the f i rst  d i scharge , i n  order 

to get a c l earer p i ctu re of a l ga l  water qua l i ty effects  i mmed i ate l y  

pr i or t o  the impact o f  d i sc harges . 

The apport i on i ng of p hotosyntheti c components  of  the r i ver 

commun i ty envi saged by the u s e  of chambers d i d  not proceed beyond 

pre l im i nary f i e l d  i nvesti gati ons , due to d i ff i cu l t i es encountered 

i n  est imat i ng the average Cladophora bi omas s  ( Secti on 3 . 2 } . 
Sporad i c  i nvesti gat i on s  carri ed out duri ng l ow/fl ow peri ods i n  

January and February 1982 , showed the free r i ver phytop l an kton 
-3 l evel s to vary between 1 -4 mg Ch l -a equ i va l ent  m , and chamber 

experi ments  duri ng  th i s peri od d i d  not revea l  any s i gn i f i cant 
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Fi gure 6 . 43 Compa ri son  of  di s so l ved oxygen profi l es a t  s i tes T and  D 

12 - 1 3/2/82 ( Temperature fl u ctuat i ons  eq ui val e n t ) . 
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producti on attri butab l e to phytopl ankton . Thu s ,  over the total 

r i ver, phytopl ankton were a s sumed to make a neg l i gi bl e contri but i on 

to the NAP . 

6 . 7 . 3  D i s s o l ved Oxygen defi c i t s 

167  

6 . 7 . 3 . 1 The i mpact of  d i scharges on the Di s so l ved Oxygen profi l e  

Before embark i ng on a deta i l ed exami nat i on of  the DO profi l e s observed 

above the  d i scharge area , i t  i s  i n structi ve to compare the DO 

profi l e s of the ri ver above and bel ow the di scharge s .  ( See fi gure 

6 . 44 ) . 

The upstream profi l es ( S i te T )  i l l u s trate the effects of  a fa i rl y  

modest Cladophora pro l i ferat i on .  The i n creased DO fl uctuati on on 

the l a st  two days ( 3  and 4 February 1982 ) was evi dence of the 

i ncreased Cladophora bi omas s  that occurred du ri ng  the mon i tori ng 

pe r i od ( 1 3 - 1 9  g DW m-2 , see fi gu re 6 . 5  and append i x  7 ) , and 

the decrea s i ng water turbi d i ty as the  ri ver recovered from a recent 

fl us h .  The DO profi l e s observed a t  s i te K be l ow the d i scharges were 

a l ways l ower tha n those at  s i te T ,  often con s i derab ly  so . Thi s wa s 

attri buted to the sum of the  effl uent BOO exerti on and upstream 

a l ga l respi rati on . The maxi mum DO at s i te K usua l l y  occurred at 

n i ght as a res u l t of the ri ver trave l  t i me s  for each of the d i s ­

charges and the d i urna l  fl uctuati on s of  t he upstream DO . I n  order 

to quanti fy the proporti on of  each proces s , i n ten s i ve tempora l and 

spati a l  i nvest i gat i ons wh ich  cou l d  fol l ow • s l u gs • of water from 

upstream stretches to the sa� area be l ow the di scharge s wou l d be 

requ i red . ( A  d i scu s s i on of  the downstream change s i n  peri phyton 
compos i ti on i s  presented i n  secti on 6 . 4 ) . 

The extent of the i mpact on the ri ver can be  determi ned by the DO 

defi ci ts  ( DODs ) at s i te 0 .  Duri ng  1 7  February ( Fi gure 6 . 45 )  a DO 

defi c i t of  8 . 4  g m-3 wa s gradua l l y  reduced to 1 . 1  g m-3 by l ate 

afternoon . The severi ty and durat i on o f  these depre s sed DO concen­

trati on s  cause concern about the a bi l i ty of  th i s sect i on o f  the 

Manawatu Ri ver to mai ntai n desi rab l e  aquati c l i fe i n  the l i ght  of the 
-3 general l y  accepted mi n i mum de si ra b l e  DO concentrat i on of 5 . 0  g m  ( Tra i n ,  

1 979) . The secti on of the Manawatu Ri ver be l ow the d i scharges i s  
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Figure 6.44 The Di ssol ved Oxygen(DO) f l uctuati ons at s i tes  T and K 
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F igure 6.44 Con t i n ue d .  
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Figure 6,45 Some Di s so l ved Oxygen profi l es at  s i tes T and 0 ,  1982 . 
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c l as s i fi ed • D • under t he  Water and Soi l Conservat i on 

has  a mi n i mum DO concentrati on s tandard set a t  5 . 0  g 
3 - 1 ) 

Act , 196 7 , and 
-3 m ( Curri e ,  

1977 ) . Th i s peri od of l ow f l ow ( 12 . 5  m s was i nterrupted 

by a maj or f l u s h  on  19  February ,  and thu s the • stres s • was re l i eved . 

However , depre s s i on s of a s i mi l ar magn i tude were recorded duri ng  

March 1982 . 

The data presented for s i te 0 may be a s l i ght  exaggerat i on of 

actua l  events a s  the  current  ve l oci ty at  the s i te was a pprox i mate l y  

0 . 3  m s - 1 . The i mportance of mai nta i n i n g  the DO probe i n  rap i d l y  

fl owi ng ( :> 0 . 4  m s - 1 ) water on l y  became apparent l ater i n  th i s 
-3 s tudy .  An error of up to 2 g m  DO cou l d  occur i f  the probe was 

i n correct l y  s i ted . 

Al ga l re sp i ratory acti v i t i es  detract from the a b i l i ty of downstream 

ri ver stretches to ma i nta i n  a des i rabl e DO concentrat i on . There may 

therefore be a case for varyi ng d i scharge sc hedu l es to co i nc i de wi th  

a l ga l  i nduced DO peak s . However , the occurence of these  peak s  

( F i gure 6 . 46 )  shou l d  not  be  rel i ed u pon to  occur cons i s tent l y .  

They may wel l be u t i l i sed a s  a n  i nter im  measure before extended 

treatment fac i l i t i e s for the d i scharges become operat iona l , and shou l d  

be borne i n  mi nd duri ng any summer l ow f l ow peri od i n  wh i ch l es s  

than des i rab l e  DO l evel s ex i s t for any l ength of  t i me .  
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The data presented a bove i nd i cate ,  that duri ng Cladophora prol i f­

erat i ons  the Manawatu Ri ver upstream of the d i scharges can  have 

DO� that severe l y  reduce the r i ver • s  ab i l i ty to a s s i mi l a te the 

oxygen -demand i ng d i scharges wh i l e  ma i nta i n i ng a mi n i mum de s i rab l e 

DO concentrat i on . The u pstream 6DO can vary dramat i ca l l y ,  from 

l e s s  than 0 . 5  g m-3 , occurri ng i n  the absence of any a l ga l  growth , 

to f l u ctuat i ons  of 5 . 0  g m-3 when Cladophora prol i ferat i ons  are 

bri ght l y i l l umi nated . Some of the DO f l u ctuat i ons that occurred 

dur i ng Cladophora devel opment i n  the Manawatu R i ver are i l l u s trated 

i n  f i gure 6 . 46 . The very l ow DO profi l e  observed duri ng 1 7 - 1 8  February 

was attri bu ted to the combi nat i on of a re l a t i ve l y  h i g h 

Cladophora b i oma ss  dens i ty and a pr i or per i od of h i gh i n so l a t i on . 

( Append i x  7 ) .  The h i gh l i ght l evel s ra i sed the ra te of 
metabo l i c  acti v i t i es  i n  the Cladophora prol i ferat i on ,  so  that on 

17 - 18 February when l i ght  l evel s were reduced , e l eva ted resp i rat i on 

rates together wi th the background commun i ty resp i rat i on were 

man i fe st  a s  genera l l y  l ow DO concentrat i ons . Con sequent l y DODms 

were h i gh ,  2 . 5  & 1 . 7 g m-3 respect i ve l y .  The decrea se over the two 

days wa s probabl y due to the photorespi rati on component be i ng 

reduced on the f i rst  day of reduced i n sol at i on .  The other DO profi l es , 

i l l u strated i n  f i gure 6 . 46 , dep i ct a l ow ,  and a br i g ht l y l i t h i gh 

Cladophora b i omas s  den s i ty s i tuati on 

The l i nk between Cladophora photosynthe s i s and the magn i tude of the 

6DO i s  i l l u s trated by the data presented i n  f i gures  6 . 35 and 6 . 42 . 

From the DO profi l es and the i r  respect i ve temperature f l u ctua t i on s  i t  

i s  pos s i b l e to i denti fy the mi n i mum DO and the max i mum da i l y  DOD 
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( DOOm ) ( u sua l l y  these  occur at  the same poi nt i n  t i me ) . The DOOm 
i s a refl ect i on  o f  the  re spi ratory acti v i ty of the  ri ver commun i ty 

i n  that i t  i s  the  departure from the  saturated DO concentrati on .  Many 

factors wi l l  comb i ne to produce a spec i fi c DOOm i nc l udi n g  physi ca l  

characteri st i cs  of the  r i ver, as  wel l a s  t ho se that  affect  the meta­

bo l i sm of  the  a l ga l  as semb l age .  The mai n fac tors are a s  fo l l ows : 

( a ) B i oma s s  and compo s i ti on of the CZadophora a s s emb l age .  

( b )  L i ght 

( c ) Tempe rature 

( d )  Nutri ents 

( e )  Ri ver F l ow 

{ f )  Oxygen -demand i n g  d i scharges . 

Before these factors are compa red to the DOOm the as sumpti on s and 

l i mi tat i on s  of each measurement techn i que wi l l  be d i scus sed bri efl y :  

( a )  B i omas s : The average of the t hree mai n s tudy s i tes was used . 

Th i s  s hou l d not be  con fused wi th a whol e river average , wh i ch 

� not easi l y  d i rect ly  mea sured . ( See s ect i ons 2 . 5 . 5 ,  3 . 2  

and Wong & C l ark ( 1 979 )  and Wong e t  a l , ( 1 979 ) ) .  

The theoret i ca l  d i sadvantage of th i s  parameter i s  that  i t  
i s  a pure l y  quanti tati ve term and doe s not take accoun t  of 
the assemb l age compos i t i on .  Equ i va l ent  b i omas s  va l ue s  have 

been obta i n ed from assemb l ages of vi s i b l y  d i fferent  compo­

s i t i on . ( Secti on 6 . 4 ) . D i s s i mi l ar aga l commun i ti es wi l l  
gi ve vari ous  responses to change s i n  envi ronmenta l parameters , 

such that resu l tant  DO profi l es can be very d i fferent .  

CZadOphora bi oma s s  wa s samp l ed once or twi ce wee kl y .  To obta i n a va l ue 

for the Cladophora bi omas s  den s i ty between samp l i n g date s  a s tra i ght  

l i ne i n terpol ati on wa s usua l l y  emp l oyed , prov i ded there was rel at i ve-
l y  l i tt l e  f l ow vari a t i o n .  

( ) -1 ( b L i ght : Th i s  was measured as tota l Lan g l eys day i n  Lev i n 50  km 

South-West  of Pa l mers ton North ) . Thu s , these data a re both quan -
ti tati ve l y  a nd qual i tati ve l y  di fferen t  from the photosynthet i ca l l y  

acti ve ra9 i at i on avai l ab l e to the a l gae ( Other l i gh t  parameters 

deta i l ed i n  sect i on 3 . 4  were not  con t i nuous l y  mon i tored duri ng  the  

who l e  1981/82 season ) . 
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( c )  Temperature : Th i s wa s measured at  t he  t i me of t he  DOOm . One 

val u e  i s  u sed to descr i be the dai l y  temperature c l i mate . 

Th i s does not take any account  of  d i urna l  f l uctuat i ons , 

wh i ch have been observed to range from 1°C to 4°C .  Such  

water temperature fl uctuati ons can a l ter the metabo l i sm of 

a l ga l  commun i t i e s  ( Wong et  a �, 1 978 ) . The proce sses  of re sp i ­

rat i on are more re spon s i ve to temperature changes than are 

those of photosynthes i s .  ( McDonne l l  & Weeter , 1 972 ; Mc l nt i re ,  

1966 ) . Thu s , temperature i ncreases , espec i a l l y  those occu­

rri ng  duri ng n i ght  t ime ,  i n  response to  dayt ime i n so l ati on , 

wi l l  favour the product i on of l arge ooom s .  

( d )  Nutri ents : Wh i l e  both nutri ents and NATs  were mon i tored duri ng 

the 1 98 1/82 sea son , there are a number of reasons  that reduce 

the u sefu l ness  of i ncorporati ng these mea surements i nto forma l 

s tat i s t i ca l  te sts , such as mu l t i p l e  regres s i on ana l ys i s .  These 

reason s are deta i l ed a s  fo l l ows : -

Nutri ents : The on l y  data avai l a b l e for the 1 981/82 season are 

TP and TN , and as d i scu s sed i n  secti on 2 . 7  these parameters do 
not necessar i l y  descri be the phys i o l og i ca l l y  most  read i l y  

avai l ab l e  N and P spec i e s . 

Samp l i ng Reg i me :  The s toch ast i c nature of r i ver nutri ent 

concentra t i ons  works  aga i nst  the fea s i b i l i ty of extrapo l at i ng 

data from one wee k l y  sampl e to the next , for use  on a da i l y 

ba s i s  for the i nterven i ng per i od .  

NAT re sponse t i mes : Wh i l e  data are ava i l a b l e , there are d i ffi ­

cu l t i es i nv�l ved wi th  tryi ng to combi ne both the l evel  and 

re sponse t imes  of NATs i n  a forma l s tati s t i ca l  ana l ys i s .  
( See secti on 4 . 3 ) . The drawbacks of extrapo l at i ng , noted above , 

a l so app l y  to NATs . 

( e )  Fl ow : Dai l y  mean va l ue s  were measured adjacent to s i te D .  

( See sect i on 3 . 3 )  

( f )  Oxygen-demand i ng d i scharges : Wh i l e  these wou l d  o bv i ou s l y  add 
to the TR , there are no s i gn i f i cant  oxygen-demand i ng d i scharges 

to the Manawatu R i ver above Pa l merston North . 
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Bear i ng  the above i nterpret i ve d i ffi cu l t i es i n  mi nd and the fact 

that any conc l u s i on s  from the study are va l i d  on l y  for the summer 

l ow f l ow (� <65 m3 s - 1 ) per i od from approx i mate l y  November to Apr i l , 
o corre l at i on coeff i c i ent  matr i x  ( Tab l e 6 . 3 )  was constructed wi th 

45 data sets . ( See a ppend i x  7 ) 

TABLE 6 . 3 :  Correl a t i on coeff i c i ent matr i x  of the max i mum dai l y  Di s so l ved 

Oxygen Defi c i ts and some r i ver  and envi ronmental  vari ab l e s , 

198 1/82 ( U s i ng post 28 November 1 981 data , when 

Cladophora b i omas s  den s i ty was above the detecti on  

l i mi t ,  see  append i x  7 )  

000 m BM LT F T GP TR Rm av . 

BM 0 . 591  

LT 0 . 262 -0 . 05 1  

F -0 . 174 -0 . 6 13  -0 . 083 

T 0 . 324 0 . 182 0 . 579  -0 . 2 13  (!V .  -

GP 0 . 42 3  0 . 468 0 . 267 -0 . 686 0 . 4 18  

TR 0 . 630 0 . 594 0 . 134  -0 . 554 0 . 337 0 . 903 

Rm 0 . 55 1  0 . 544 0 . 147 -0 . 570 0 . 285 0 . 898 0 . 909 
P/R -0 . 256 -0 . 008 0 . 2 1 6  -0 . 4 16  0 . 367 0 . 472  0 . 147 0 . 23 5  
NAP -0 . 208 -0 . 146 0 . 377 -0 . 389 0 . 272  0 . 497 0 . 085 0 . 258 

KEY : 

DOOm 
= Max imum D i sso l ved Oxygen Defi c i t  ( g  m-3 ) 

BM = Average Cladbphora s i te bi omas s  den s i ty ( g  DW m-2 ) 

LT 
= Da i l y terrestri a l  l i ght  ( Lang l eys d - 1 ) 

F = Average dai l y  r i ver fl ow ( m3 s- 1 ) 

T = Average da i l y  ri ver temperature ( °C )  av . 
= Da i l y Gros s  Photosynthes i s ( g  o2 m-3 d -1 ) GP 

TR = Dai l y  Tota l Re sp i rat i on (g o2 m-3 d - 1 ) 

� = Max i mum hou r l y  Resp i rati on rate ( g  o2 m3 hr- 1 ) 

P/R = GP : TR rat i o  

NAP = Dai l y  Net Areal  Pri mary Producti v i ty ( g  o2 m-2 d - 1 ) 

The vari ab l e s  wi th the h i ghest  corre l a t i on to the DOOm were Tota l 

Resp i rat i on ( TR )  ( r = 0 . 630 ) , Cladophora b i omas s  den s i ty ( r  = 

0 . 591 ) and the maxi mum hou r l y  Resp i rat i on  rate ( �) ( r = 0 . 572 ) .  

P/R  

0 .  7 1 9  
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A l l these  parameters were h i g h l y  s i gn i fi cant at p<0 . 00 1 .  The TR acted 

as a descri ptor of the who l e ri ver commun i ty ,  as opposed to the 

CZadophora b i omas s  whi ch on l y  accounted for one ( a l be i t maj or )  

component . A more deta i l ed study of the i nf l uence of TR on  the 

DOOm wi l l  be d i scu s sed l a ter when both sea sons  are con s i dered 

( Secti on  6 . 7 . 3 . 3 ) . 

The rel ati on sh i p between  t he CZadophora bi oma s s  den s i ty and the DOOm 
wa s exami ned more c l ose l y ,  wi th  the a i m  of i denti fyi ng po s s i b l e 

re l a t i on s h i ps  by p l otti ng these two vari ab l e s  ( F i gure 6 . 47 ) . The 

re l a ti onsh i p wa s an approx i mate hyperbo l i c  curve . The DOOm cou l d  

i ncrease rap i d l y  wi th  on l y  sma l l i ncreases i n  CZadophora b i oma s s . 

The l arge scatter at b i oma s s  dens i t i e s  l e ss  than 30  g DW m-2 was 

attri buted to the vari ab l e as sembl age compos i t i on . At h i gher 

b i omas s  den s i t i es the Cladophora commun i ty was usua l l y  domi nated 

by heal thy Cladophora fi l aments . ( Sect i ons  5 . 2  and 6 . 4 ) . 

-3 An upper DOOm l i mi t of approx imate l y  2 . 8  g m  was apparent i n  

fi gure 6 . 47 . Th i s  wa s due to there be i ng a maxi mum T R  for any 

spec i fi c  Cladophora as sembl age together wi th  the reaera t i on rate 

i ncrea s i ng a s  the 000 ro se . ( Secti on 6 . 7 . 3 . 3 ) . 

The ri ver f l ow was negati ve l y  corre l ated ( r=0 . 6 1 3 )  wi th  the  

CZadophora bi omas s  dens i ty ,  demon strati ng the s l ough i ng -off effect 

of h i gh f l ows . The l i n k  between the Cladophora bi oma s s  and the 

ba s i c  pri mary producti vi ty terms was evident by the pos i ti ve corre l ati on s  

wi th G P  ( r=0 . 468 ) , T R  ( r=0 . 594 )  and Rm ( r=0 . 544 ) . The u sefu l ness  

of scrut i n i z i ng a l l the s i gni fi cant corre l ati on coeffi c i ents  was 

reduced becau se of the mu l t i p l i c i ty of i nter-rel a t i on s h i p s  that 
occurred mak i ng i nterpretati on s  di ffi cu l t  and often mask i ng  or 

fa l se l y  creat i ng  re l at i onsh i p s . The i nf l uence of ' i ndependant ' 

pred i ctors on a dependant vari ab l e ,  such  as  the DOOm can be a s sessed 

more accuratel y  wi th  mu l t i p l e  l i near regres s i on ana l ys i s ( MLRA )  

( Mi n i tab , 1 982 ; Sokal  and Ro l f ,  1973 ) . Thi s techn i que a l so a l l ows 

the i denti f i cat i on of the rel ati ve i mportance or contri but i on 

of each var i ab l e to a pred i cted DOOm . Vari ab l e s  that have very 

l i tt l e affect on the DOOm can be d i scarded unt i l on l y  those that 

accoun t  for a l arge part of  the observed DOOm rema i n .  Two drawbacks  

i nvo l ved in  u s i ng MLRA are : -

- - - �� 
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( a )  On l y  l i near rel a t i onsh i ps  can  be i dent i f i ed , more comp l ex 

h i g her  order rel at i onsh i ps  can on l y  be i denti f i ed by i ntro­

duc i ng transformati on s ,  ba sed on ' scatter p l ot ' ana l ys i s  

and mec hani s t i c  rati ona l e ,  or by u s i ng more advanced non ­

l i near ana l yses . 

( b )  The resu l tant  regre s s i on equat i on i s  on l y  re l i a b l e when u s i ng 

data wi thi n the numer ica l  bounds of those data u sed i n  the 

i n i t i a l  construct i on . ( See append i ces  7 & 8 )  

Th i s procedure wa s fol l owed wi th  t he  1981/82 data u sed to  construct  

tab l e 6 . 3  ( Append i x  7 ) . The  resu l t i s  presented i n  tabl e 6 . 4  

bel ow : -

TABLE  6 . 4 :  The pars imon i ou s  regre s s i on equati on and a s soci ated 

stati sti cs  for pred i ct i ng the max imum dai l y  Di s so l ved Oxygen 

Defi c i t ,  1981 /82 

The pars i mon i ou s  equati on : 

DOOm = -0 . 757 + 0 . 02 1 9  BM + 8 . 29 x 10 -\T + 0 . 0424F + 0 . 109  TR 

The i mportance of pred i ctors : 

Standard dev i at i on t-rat i o  = Pred i ctor Coeffi c i ent of coeffi c i ent Coeff . /St . dev . 

BM 

LT 
F 

TR 

-0 . 757  

0 . 02 1 9 

8 . 29 X 1 0-3 

0 . 0424 

0 . 1 09 

0 . 334 

4 . 58 X 1 0-3 

2 . 93 X 1 0-4 

0 . 0 102 

0 . 0259  

r2 ( adju sted for 40  degrees of  freedom) = 63 . 1% 

Standard dev i a t i on of regre s s i on , s = 0 . 3 1 2  

App l i cat i on  range o f  the regress i on equati on : 

BM = Average CZadophora s i te b i oma s s  dens i ty ( 1 -6 5  g OW m-2 ) 

LT = Da i l y terrestri a l  l i ght  ( 36 - 723  Langl eys d -1 ) 

F = Average da i l y ri ver f l ow { 1 1 . 9  -3 3 . 8  m3 s - 1 ) .  

TR = Dai l y  Tota l Resp i rat i on ( 1 . 1 2 - 9 . 93 g o2 m-3 d - 1 ) 

-2 . 27 

4 . 77 

2 . 83 

4 . 14 

4 . 23 



The t -rat i os descri be 

total pred i cted DOOm . 

contr i bu t i on . Thu s of 

the contr i but i on each var i a bl e makes  to the 

H i gher numeri cal  va l ues i nd i cate a l arger 

the four pred i ctors , l i ght  was the l ea s t  
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i mportant . The regre s s i on equat i on accou nted for 63% of the 

observed da i l y  DOOm vari at i on . Th i s resu l t  wa s cons i dered to be 

of  pract i ca l  pred i c t i ve va l ue for water qua l i ty management .  Whi l e  

the par s i mon i ou s  regre s s i on equat ion  ha s been deri ved emp i r i ca l l y , 

the importance of the pred i ctors may be expl a i ned i n  mechan i s t i c  
terms . Th i s exerc i se ,  however , wi l l  be postponed u nt i l the two 

sea sons data are con s i dered together . ( Sect i on 6 . 7 . 3 . 3 )  

Advanced treatment of the ava i l a bl e data such as  further tran sfor­

mat i ons  i nvo l v i ng we i ghted data and the u se of h i gher order 

equati on s ,  wa s not warranted becau se of the l i m i tati ons  of the 

pred i ctors . 

Th i s  data ana l ys i s served to hi gh l i g ht  these areas that l acked 

a l l the rel evant i nforma t i on . These were a s  fo l l ows : 

( a )  L i ght : ( i )  The transparency of the r i ver wa ter was h i g h l y  

var i ab l e and the l i ght  ava i l ab l e t o  the a l gae 

shou l d  theoreti ca l l y  be more accurate l y  
measured i n  the ri ver , rather than u s i ng 

surface l i ght  i n ten s i ty data . 

( i i ) Equ i va l ent dai l y  i ntegra l s of ava i l ab l e l i ght  

can re su l t from very d i fferent profi l es .  The  

i dent i f i cat i on of the speed of DO response to  

l i ght  wou l d  enta i l further exam i nat ion  of DO 

profi l e s together wi th  cont i nuou s u nderwater 

PAR mon i tor i ng . ( A ssumi ng no other factors 

affected the DO profi l e ) . 

( b )  B i oma s s : A major  d i sadvantage of a l ga l  b i omas s  den s i ty 
e st imates wa s that they on l y  measured a port i on  of  the 
CZadophora a s semb l age . Th i s commu n i ty deve l ops , dur i ng 

s teady fl ow per i od s , to form a compl ex ,  i n  whi c h  the acti ve 

CZadophora proport i on i s  on l y  a part . ( See sec t i on 6 . 4 

and f i gure 6 . 9 ) . The i nf l uence of fl u s h  event s  on  the b i omass  

and compo s i t i on of the assemb l age wi l l  depend on the  severi ty 



of the f l u s h  and the po s i t i on of t he as sembl age i n  the r i ver 

in rel a t i on to the channel  topography . 

( c )  Other Factors : 
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( i )  F l u s h  events have a vari ety of effects on the b i omas s/ DO 

re l at i on s h i p .  As wel l a s  reduc i ng t he a s semb l age b i oma s s , 

the f l u s h  i ntroduces a l arge vo l ume of oxygen- saturated 

water wi th  a h i gh su spended sol i d s  l oad . As the r i ver 

fl ow recovers from the impact of the f l u sh , the rema i n i ng 

su spended l oad can become of i ncrea s i ng importance . The 

i ncrea sed turbi d i ty reduces l i ght  avai l a bl e to the a l gae , 

consequent l y re sp i ratory processes  wi l l  domi nate the DO 

profi l e  ( depend i ng on the water vo l ume ava i l ab l e to 

sati sfy the demand ) .  The suspended l oad , conta i n i ng 

l arge numbers of heterotroph i c  bacteri a and ava i l ab l e 

nu tr i ents , wi l l  a l so exert an  oxygen demand on the 

r i ver , wh i c h can become con s i derabl e i f  st i l l  exerted 

when the r i ver ha s returned to a l ow-f l ow s i tuat i on . 

The su spended l oad u sua l l y  a l so carr i e s  a l arge i n i t i a l 
suppl y of avai l ab l e nutr i ents . These can be rap i d l y  

a s s im i l ated by the a l gae t o  sat i sfy any shortages that 

may have ari sen duri ng prev i ou s  l ow-f l ow per i od s .  

Nutr i ents such a s  phosphoru s can be taken u p  and stored 

i n  gros s  exce s s  of pre sent needs , to be ava i l ab l e i n  

case of fu ture shortages . The a l gae rema i n i ng after 

a f l u s h  wou l d  u sua l l y  o n l y  be l i m i ted by the ava i l a b l e 
l i ght . 

( i i )  P l ankton i c  a l gae are pre sent i n  the r i ver ; however ,  

b i oma ss  concentrati ons ( 1 -4 mg m-3 C h l orophyl l -a )  
recorded duri ng l ow-fl ow peri od s i nd i catro that they 

wou l d  have l i tt l e affect on the DO profi l e s .  ( See 

sec t i on 6 . 7 . 2 . 3  and Vol l enwe i der , 1 969 ) . Dur i ng  these 

l ow f l ow per i od s  there wou l d  a l so be an i ncreased ten ­

dency for any phytop l ankton to  become entrapped i n  the 

CZadophora pro l i ferat i ons . { Hynes ,  1 970 )  . 

• 
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The cont i nuat i on of the s tud i es commenced i n  the 1 981/82 season 

were somewhat  l i mi ted by the i n i t i a l  absence of Cladophora 

prol i ferat i ons . ( See sect i on 6 . 4 ) . However the Gomphonema growths  
-3 mean t  that  l a rge DODm s were st i l l  observed , nota b l y  3 . 3 g m  

( -3 0 
) DO = 6 . 3  g m  at  1 7 . 5  C compared to the l argest DOOm of 

2 . 5  g m-3 ob served i n  the prev i ous  season . However , pred i ct i ve 

mode l l i ng such as that carri ed out i n  sect i on  6 . 7 . 3 . 2  wa s not 

attempted i n  the fi rst  part of the season a s  one of the poten­

t i a l l y  most  importan t  i ndependant var i a b l es, a l ga l  (Gomphonema ) 
b i oma s s , cou l d  not be mon i tored u s i ng the establ i s hed techn i ques . 

When Cladophora began to re -establ i s h i tsel f i n  the r i ver duri ng 

l ate January 1983 , i t  wa s pos s i b l e  to re start b i omas s  samp l i ng .  
Emp i r i ca l  model l i ng of the DOOm wa s carri ed ou t i n  a manner 

s im i l ar to that u sed for the 1 981 /82 data . A correl at i on 

coeffi c i ent  matri x ,  of re l evant parameters , i s  presented i n  tabl e 
6 . 5 .  The random nature of the DOOm - b i oma s s  ( BM )  re l ati onsh i p wa s 

apparent ( r= . 04 1 )  and i l l u strated i n  fi gure 6 . 48 .  The reason for 

the drar.1a t i c  d i fference i n  the DOOm - BM rel at i onsh i p between 

seasons wa s attri buted to the i nfl uence of Gomphonema duri ng l ate 

January and February 1 983 ( Sect i on 6 . 4 ) . The Gomphonema b i oma s s  

cou l d  not  be  a s ses sed u s i ng the ex i st i ng sampl i ng techn i que . H i gh 

DODms cou l d  st i l l  be recorded at  l ow Cladophora b i omas s  dens i t i es  

becau se of a h i g h TR due to exten s i ve Gomphonema growths . The l ow 

DOOm va l ues observed i n  fi gure 6 . 48 occurred duri ng l ate February 

when Cladophora b i omas s  den s i ty was modest  and Gomphonema was 

d i sappear i ng from the r i ve r .  

Many o f  the vari ab l e s  a s soc i a ted wi th pri o.ary producti v i ty were c l ose l y  

corre l ated wi th  the DOOm , MLRA was u sed to se l ect those vari a b l e s  

t hat  were the most  pars i mon i ou s  pred i ctors of  t he  DOOm var i at i ons .  

Of  the  product i v i ty vari ab l e s ,  TR ( r=0 . 804 ) was chosen , from the  

two most  c l o se l y corre l ated product i v i ty parameters ( TR and � ) ,  

to g i ve cont i nu i ty wi th  the prev i ou s  season and becau se i ts 

measurement  i nvo l ved l es s  u ncerta i nty than Rm ( r=0 . 863 ) . Th i s 

exerc i se yi e l ded the re su l ts pre sented i n  tabl e 6 . 6 .  



TABLE 6 . 5 :  Corre l ati on coeffi c i ent matri x of the max i mum da i l y  Ji s so l ved Oxygen  Defi c i ts  and some ri ver and 

envi ronmenta l  vari ab l es , 1 982/83 . 

( U s i ng on l y  data col l ected when Cladophora b i omas s  wa s a bove the detec t i on l i mi t ,  see append i x  8 ) 

( Abbrev i at i ons  expl a i ned i n  tabl e 6 . 3 )  

DOOm BM LT Lu 

BM 0 . 041  

LT 0 . 1 67 -0 . 303 

Lu 0 . 037  -0 . 240 0 . 6 1 5  

F 0 . 308 -0 . 1 08 0 . 262  0 . 012  

Tmax . -0 . 306 -0 . 086 0 . 076 0 . 385 

T . m 1 n .  -0 . 365  -0 . 245 -0 . 064 0 . 1 95 

GP  0 . 269  0 . 6 55  -0 . 1 18 - 0 . 041  

T R  0 . 804 0 . 299 -0 . 090 - 0 . 008 

Rm 0 . 863 0 . 1 30  0 . 036 -0 . 1 2 1  

P /R  -0 . 576 0 . 433  -0 . 1 00 -0 . 1 00 

NAP -0 . 67 1  0 . 1 94 0 . 03 5  -0 . 024 

KEY : 

See tabl e 6 . 3  

( -2 -1 ) Lu = Da i l y Underwater PAR l i ght  E m  d 

T . = Da i l y  mi n imum temperature ( °C )  m1 n .  0 T = Dai l y  max i mum temperature ( C )  max . 

F T max . T . m1 n .  GP TR Rm 

-0 . 454 

-0 . 518  0 . 83 5  

-0 . 262 0 . 093 -0 . 009 

-0 . 105 -0 . 098 -0 . 1 56 -0 . 585 

0 . 091  -0 . 33 5  -0 . 3 55  0 . 3 50 0 . 767 

-0 . 187 0 . 204 0 . 125  0 . 404 -0 . 449 -0 . 445  

-0 . 06 1  0 . 189 0 . 170 0 . 2 25  -0 . 645  -0 . 57 5  

P/R 

0 . 903 

....... CO w 
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TABLE  6 . 6 :  The pars imon i ou s  regre s s i on equat i on and a s soci ated 

stati st i c s  for pred i cti ng the max i mum dai ly Di s so l ved Oxygen 

Defi c i t ,  1 982/83 

The pars i mon i ou s  equat i on : 

DOOm = -0 . 493 + 0 . 180 TR - 0 . 00674 BM + 0 . 0238 F 

The i mportance of pred i ctors : 

Pred i ctor 

TR 

BM 

F 

Coeffi c i ent  

-0 . 493 

0 . 180 

-6 . 74 X 10 -3 

0 . 0238 

S tandard dev i at i on  
of coeffi c i ent  

0 . 1 95 

0 .  0137  

2 . 46 X 1 0-3 

4 . 1 1 X 10-3 

r2 ( adju sted for 39  degrees of freedom ) = 82 . 2% 

Standard dev i at i on of re9re s s i on , s = 0 . 3 1 4 .  

App l i cat i on range of the regre s s i on equat i on : 

· 1 1 ( m-3 d - 1 ) TR = Da 1  y Tota Re sp i rat i on 4 . 23 - 17 . 95 g 02 

t -rat i o  = 

Coeff . /St . dev . 

-2 . 53 

1 3 . 1 5 

-2 . 74 

5 . 81 

( - 2 ) BM = Average Cladophora s i te bi omas s  dens i ty 1 . 1  - 68 g DW m 

F = Da i l y  average r i ver fl ow ( 1 1 . 0  - 64 . 5  m3 s - 1 ) 
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Thu s , compared to the prev i ou s  season the pred i ct i ve a b i l i ty of 

the equat i on has ri sen to 82 . 2% wi th the u se of fewer pred i ctors . 

The standard dev i a t i on of the regres s i on equat i on wa s very s i m i l ar ;  

0 . 3 1 4  a s  compared wi th 0 . 3 1 2  i n  1 981/82 . The t -rat i os descri be 

the rel a t i ve importance of the pred i ctors . TR wa s the mos t  

i nf l uenti a l  fo l l owed by F . BM and the constant  were much  l e s s  i mp­

ortant . The  negat i ve coeffi c i ent  for BM  was a ttri buted to  the 

i nf l uence of Gomphonema growths  dur i ng l ow Cladophora b i omas s  

den s i t i e s  re su l t i ng  i n  a l arge number of h i g h  DODms at  l ow and 

modest  Cladophora b i omas s  den s i t i es . I t  i s  i n terest i ng to note 

that no l i gh t  pred i ctor featurffi i n  t h i s equat i on . Th i s  may be a 

consequence of the more heterotrophi c nature of the Gomphonema 

growths  or  the comp l ex i nteract ion  between s h i ng l e extract i on and 

genera l / l oca l i zed r i ver turb i d i ty .  

I n  an effort to u t i l i ze a l l the ava i l ab l e data from both seasons , 

the re l evant comparab l e data were poo l ed ,  and the re su l tan t  

corre l at i on coeffi c i ent  matri x i s  presented i n  tab l e 6 . 7 .  

TABLE 6 . 7 :  Corre l at i on coeffi c i ent matr i x  of the max i mum dai ly 

D i s so l ved Oxygen Defi c i t  and a s soc i ated vari ab l es , 
1 981/82 and 1 982/83 

( Abbrev i at i on s  as i n  tab l e s  6 . 3 and 6 . 4 )  

DOOm BM LT F 

BM 0 . 240 

LT 0 . 1 99 -0 . 1 92 

F 0 . 27 5  -0 . 1 74  0 . 1 2 5  

T R  0 . 74 1  0 . 369  0 . 008 0 . 1 1 5  

s 0 . 273  0 . 091  0 . 01 2  0 . 457 

KEY : 

BM = Average Cladophora s i te b i o�a s s  dens i ty { g  DW m-2 ) 
LT 

= Da i ly terrestr i a l  l i gh t  ( Langl eys d -1 ) 

F = Dai l y  average r i ver f l ow ( m3 s -1 ) 

TR = Da i l y Tota l Resp i ra t i on ( g  o2 m-3 d -1 ) 

s = Sea son coded as 1 for 1 981/82 , 2 for 1 982/83 

TR 

0 . 596 
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Both seasons data were then empi ri ca l l y  �ode l l ed to pro-

duce one par s imon i ou s  equ a t i on that cou l d  be u s ed for both sea son s . 

Th i s equat i on ,  together wi th  i ts rel evant s tat i s t i c s  i s  pre sented 

i n  tabl e 6 . 8 bel ow : -

TABLE 6 . 8 :  The pars i mon i ou s  regre s s i on equ a t i on and a s soci ated 

stati s t i c s  for pred i cti ng the max i mum dai l y  D i s so l ved 

Oxygen Defi c i t ,  1 981 /82 and 1 982/83 

The par s i mon i ou s  equat i on : 

DOOm = 0 . 495 + 6 . 08 x 10-4 LT + 0 . 0227 F + 0 . 168 TR - 0 . 629  S 

The i mportance of pred i ctors : 

Pred i ctor Coeff i c i ent  Standard dev i at i on t-rat i o 
of coeff i c i ent  coeff . /St . 

0 . 495  0 . 1 56 3 . 1 7 

LT 
-4 2 . 32  X 1 0-4 2 . 63 6 . 08 X 10  

-4 F 0 . 0227 4 . 1 7 X 1 0  5 . 43 

TR 0 . 1 68 0 . 01 2 5  1 3 . 46 

s -0 . 629  0 . 1 07 

r2 ( adju sted for 83 degrees of freedom ) = 7 1 . 5% 

Standard dev i at i on of regre s s i on , s = 0 . 35 1  

S = season , coded 1 for 1 98 1/82 , 2 for 1 982/83 

App l i cat i on range of the regre s s i on equati on . 

-5 . 88 

Season 1 Season 2 

LT = Dai l y  terrestri a l  l i gh t  ( Langl eys d - 1 ) 36 -723 , 1 24-7 3 1  

F = Average dai l y  r i ver f l ow (m3 s - 1 ) 1 1 . 9-3 3 . 8 ,  1 1 . 0-64 . 5  

TR = Da i l y Tota l Resp i rat i on ( g  02 m-3 d -
1 ) 1 . 12 -9 . 93 ,  4 . 23 - 1 7 . 95 

Compared to tabl e s  6 . 6 and 6 . 7  presented for the  i nd i v i du a l  season s , 

the pred i ct i ve a bi l i ty of th i s regres s i on i s  s ti l l  usefu l l y  h i g h .  

One noti cea b l e featu re o f  th i s  equat i on was that  i t  conta i ned no 

CZadophora b i omas s  term . I ns tead , the TR acts  a s  a b i omas s  

resp i ra t i o n  descri ptor for the tota l r i ver commu n i ty .  An 

-- ----

dev . 



i ncrease i n  fl ow produces  h i g her DOD , due to an  i ncreased su s -m 
pended l oad i n  the r i ver bri ng i ng i n  l arge numbers of hetero-
troph i c  bacteri a and nutr i ents  ( Sect i ons  5 . 2  and 6 . 4 ) . L i ght  

i ncreases wi l l  ra i se the tota l metabo l i c  acti v i ty of phototroph s , 

the re sp i rat i on porti on of  th i s be i ng most noti cea b l e after sun­

set . The e l evated resp i rat i on rate can  conti nue on to the fol ­

l owi ng  day when , i f  not ' ba l anced ' by h i gh photosyntheti c  rates , 

i t  may produce very l arge DOD s .  T h i s type of t i me l ag may be m 
re spon s i b l e for some of the u nexp l a i ned vari a ti on of the DOOm . 

( Soka l  & Ro l f ,  1 973 ) . 

The importance of pred i ctors l i sted i n  tabl e 6 . 8 i l l u s trates the 

contri but i on each term i n  the regress i on equat i on makes to the 

DOOm . Thu s , wi th i n the app l i cati on range the TR can  have the 

l arge st  contr i bu t i on to the DOOm , fol l owed by the Season and 

the F .  The LT and the Con stant wi l l  u sua l l y  be l es s  i mportant 

than the other three vari ab l e s  i n  pred i ct i ng the tota l DOOm . 

I t  wa s i mportant to e stab l i s h the accu racy of the tota l regre s s i on 

equat ion  for each season . Th i s  wa s ach i eved by compari ng the 

res i dua l s rema i n i ng after app l yi ng the regres s i on equat i on to each 

season . The re su l ts are pre sented bel ow : -

TABLE 6 . 9  A t-te st  compari son of the resi dua l s from the 

regres s i on equat i on for each season 
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Season N Mean S tandard Standard 
Dev i at i on Error 

1 981/82 45  0 . 000 0 . 374  0 . 056 

1 982/83 43 0 . 000 0 . 3 1 2  0 . 048 

t-test t=O . OO ,  P= 1 . 00 ,  84 . 5  de[rees of freedom 

Therefore , there wa s n o  s i gn i f i cant  d i fferences between the samp l e�  

Thu s , the regre s s i on equat i on  was appl i cab l e ,  wi th  equa l  accuracy , 

to each year . I n  order to appl y the equati on i n  su bsequent seasons  

i t  wou l d  be necessary to i dent i fy the peri phyton commun i ty e i ther 

as type ( I ) : typ i ca l  of the 1 981/82 sea son ( i . e .  a Cladophora­

domi nated a ssemb l age , throughout the season ) or type ( I I ) : l i ke 



the one that occurred i n  the 1 982/83 season ( i . e .  wi th  Gomphonema 

present for a l arge part of the season ) .  There wou l d  then be two 

pred i ct i ve equat i ons  to c hoose from : -

Type ( I )  
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DOOm = 6 . 08 x 10-4 LT + 0 . 0227 F + 0 . 1 68 TR - 0 . 1 34  ( 6 . 4 )  

Type ( I I )  

DOOm = 6 . 08 x 10-4 LT + 0 . 0227 F + 0 . 1 68 TR - 0 . 763  ( 6 . 5 )  

At th i s  s tage the a s sumpt i on mu st  be made that  these wi l l  be the 
on l y  s i gn i fi cant  peri phyton commu n i t i e s  that wi l l  deve l op i n  the 

Manawatu R i ver . I n  pract i se ,  the data from future sea sons shou l d  

be conti nua l l y  compared wi th  the regres s i on equ at i on ( s ) , and i f  

neces sary the equat i on ( s ) adj u s ted to cater for d i fferen t  

per i phyton commu n i t i es . 

The re l a t i on s h i p and contri bu ti on of each pred i ctor vari abl e to 

the DOOm are presented i n  fi gures 6 . 49 and 6 . 50 .  The scatter p l ots  

show the observed rel at i ons h i p between  the data co l l ected for each  

vari abl e ,  duri ng spec i fi c  season s ,  and  the DOOm . These  poi nts 

therefore corres pond to the data u sed i n  the i nd i v i du a l  season 

corre l at i on  coeffi c i ent  matr i ce s  ( Tab l e s  6 . 3  and 6 . 5 ) . The 

change i n  the 1 981/82 data ( F i gure 6 . 49 )  from the h i gh l y corre­

l ated TR ( r=0 . 630 )  to F ( r= -0 . 174 ) and LT ( r  = 0 . 26 2 )  can  be 

seen i n  the scatter and d i rec t i on of the po i nts . The wea k  negat i ve 

corre l at i on coeffi c i ent of F wa s forced i n to a pos i t i ve contri bu ­

t i on to the tota l regres s i on equat i on becau se o f  the i nf l uence of 

other pred i ctors ( As i n  tabl e 6 . 4 ) . The scatter p l ots  for the 

1 982/83 season a l so i l l u strate the d i fferences between the h i gh l y 

correl ated TR ( r  = 0 . 804 } , and F ( r  = 0 . 308 )  and LT ( r  = 0 . 167 ) . 

The regre s s i on contr i bu t i on l i nes  ( RC L s )  were constructed u s i ng the 

regre s s i on equat i on deta i l ed i n  tabl e 6 . 8 .  Average sea sona l va l ue s  
were u sed for two vari a bl e s  and thu s the effect  o f  varyi ng the th i rd 

u s i ng data from wi th i n the appl i ca t i on  range , cou l d  be observed . 

The grad i en t  of the RCL i nd i cates the rel a t i ve  , i mportance of each  
pred i ctor . The d i fferenti a l  i mportance of pred i ctors was e spec i a l l y  

apparent i n  fi gure 6 . 50 ,  dep i ct i ng the 1 982/83 sea son . The grad i en t  

of  t h e  T R  RCL wa s t h e  steepest  fol l owed by t h e  F RCL and then 
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F I GURE 6 . 50 : 
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the l i gh t  RCL . The same ba s i c  pattern can be seen i n  f i gure 6 . 49 

for the 1 981 /82 data . I nterseason compari sons are d i ff i cu l t  

becau se  the ranges and averages for a l l vari ab l e s , except l i ght  

were s i gn i f i cantl y d i fferent .  ( Tab l e 6 . 8 ,  a ppend i ce s  7 & 8 )  

To further i l l u s trate the a bove poi nts , data from each year 

( typ i ca l  • h i gh s  and  l ows • )  are  presented i n  tab l e 6 . 9 .  The  actu a l  

contr i but i on each pred i ctor makes  t o  the eventua l  tota l pred i cted 

DOOm u nder var ious  comb i nat i ons  can be seen to vary con s i derabl y .  

The data pre sented i n  tabl e 6 . 9  demonstrate one i mportant  d i f­

ference between season s ;  the 1 982/83 sea son had typi ca l l y  much  

h i gher TR va l ues , and  consequen t l y  often h i g her DODms than  1 981/  

82 . ( Average TRs 1 981/82 = 5 . 4  g o2 m-3 d - 1 , 1 982/83 = 1 0 . 0  
-3 - 1 g 02 m d ) ( F i gures  6 . 49  and 6 . 50 ) . These were attri buted to 
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the  Gomphor.ema a s semb l ages hav i ng a re l a t i ve l y  l a rger respi ratory 

component than the • c l eaner • Cladophora a s sembl ages . There were 
a l so more examp l e s of mon i tori ng pri ma ry producti vi ty duri ng  h i gher 

i n  1 982/83 than i n  1 981 /82 . ( Average fl ow for the 1 981/82 data 

= 1 9 . 6  m3 s - 1 , 1 982/83 = 29 . 1  m3 s -1 ) .  Thu s ,  duri ng 1 982/83 there 
was most  l i ke l y  h i gher l evel s of heterotroph i c act i v i ty presen t i n  

the su spended l oad . The i mportance of TR and the absence of a BM 
term i n  the regres s i on equat i on i l l u s trates how DODms may be 

pred i cted regard l e s s  of the peri phyton a s semb l age compos i t i on .  

Tab l e 6 .10 demonstrates the approach that wou l d  be taken when pre­

d i ct i ng DODms i n  the Manawatu R i ver . For a type I I  season ( 1 982/ 

83 ) ,  the worst  case combi nat i on dep i c ted , pred i ct s  a DOD = 3 . 26 + 
0 . 70 g m- 3 . The pred i cted DODms are very s i mi l ar to th�se 

observed ( See fi gures 6 . 49 and 6 . 50 ,  and append i ce s  7 & 8 ) . 

i n  the fi e l d .  The regres s i on equat i on can be a u sefu l tool for water 

qua l i ty management i n  the Manawatu Ri ver . The genera l a pproach  may 

be adopted for other water qua l i ty parameters , suc h  a s  pHmax . , that  

are affected by the metabo l i c  acti v i t i es of peri phyton a s sembl age s . 

Wh i l e  the  s pec i f i c  equat i o n  deri ved here wou l d  not be app l i ca b l e to 

another r i ver , the approach out l i ned wou l d  be . The r i ver and env i ro ­

nmenta l  vari ab l e s  that  have been demonstrated t o  b e  i mportant i n  the 

Manawatu R i ver cou l d  be mon i tored . The l i g ht  data wou l d  be 

ava i l ab l e from meteorol og i ca l  stati ons . The fl ow mon i tor i ng 



TABLE 6 . 10 Data i l l u strat i ng  the i nf l u ence of each term i n  the regres s i on equati on for 1 981/82 a nd 1 982/83 

{ Equat i on 6 . 3 )  

1 981/82 

L i ght  { Terrestr i a l ) 
Contri bu ted Va l ue DOOm 

Va l ue 

{ Lang l eys d -1 ) { m3 s - 1 ) 
{ g  m-3 ) 

100 0 . 06 20 

lOO 0 . 06 20 

600 0 . 36 20 

600 0 . 36 20 

600 0 . 36 50 

600 0 . 36 50 

1 982/83 

1 00 0 . 06 20 

100 0 . 06 20 

600 0 . 36 20 

600 0 . 36 20  

600 0 . 36 50 

600 0 . 36 50 

Fl ow 

Contri bu ted 
DOOm 

( g m-3 ) 

0 . 45 

0 . 45 

0 . 45 

0 . 45 

1 . 14 

1 . 14 

0 . 45 

0 . 45 

0 . 4 5  

0 . 45 

1 . 14 

1 . 14 

Tota l Respi rat i on 

Va l ue 

{ 
-3 - 1 ) g 02 m d 
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5 
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2 

5 
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1 5  
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1 5  

5 

1 5  

Contri buted 
DOOm 

( g m-3 ) 

0 . 34 ) 

0 . 84 ) 
) 

0 . 34 ) 
0 . 84 ) 

) 
0 . 34 ) 

0 . 84 ) 
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0 . 84 ) 

2 . 52 ) 
) 

0 . 84 ) 

2 . 52 ) 
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0 . 84 ) 
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equ i pment wou l d  most  l i ke l y  a l ready be i n  p l ace i f  the r i ver i s  

near a major u rban area . The Total Resp i rati on mon i tori ng may 

requ i re extra equ i pment but mos t  Reg i ona l  Water Board s  have DO 

mon i tori ng/record i ng equ i pment  and acces s  to compu ter fac i l i t i es . 

D i rect i nput to a computer , of the product i v i ty data v i a  a data 

l ogger wou l d  great l y  i ncrea se the effi c i ency of the who l e operat i on . 

I t  wou l d  a l so be prudent to mon i tor other var i ab l e s  that appear 

important i n  spec i f i c  ri vers . Eventua l l y a u n i que pred i ct i ve 

equati on cou l d  then be deve l oped to enabl e rap i d  a s sessment  of any 

per i phyton a s sembl age i mpact on the a s s i mi l at i ve capac i ty of  a 

r i ver . 



6 . 8 pH and ammon i a  

Des p i te some d i ffi cu l ty i n  as sembl i ng the neces sary equ i pment  for 

the cont i nuou s mon i tori ng of pH , a l i mi ted number of succes sfu l 

surveys were accomp l i sned duri ng the 1 981/82 sea son wi th  the a i d  
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of equ i pment k i nd l y  l ent  by B .  Gi l l i l and , As s i stant Water Resources 

Off i cer , M . R . W . B . ( F i gures 6 . 5 1  and 6 . 52 ) . These data i l l u s trate 

the pH f l uctuat i ons  that can occur duri ng per i od s  of CZadophora 

growth ( Fi gure 6 . 7 ) , a peak of pH = 8 . 8  be i ng seen a t  s i te W 

wh i c h i s  s i tuated downstream of the Pal merston North C i ty d i scharge , 

and u pstream of the Da i ry Company and Freez i ng Works  d i scharges . 

S i mi l ar peak s  were observed i n  ' spot check s ' at  s i tes T and D .  

The pH fl u ctuati on s  a t  s i te K ,  where peak ammon i a  concentrati ons  

have  been i denti f i ed , were often observed to be  l e s s  than the 

u p stream photosyntheti cal ly- i nduced fl uctuat i ons . ( Secti ons  2 . 3 . 2  

and 5 . 6 ) . Th i s  wa s a resu l t of i ncrea sed i n -ri ver res p i rati on , 

cau sed by the orga n i c  d i sc harges whi ch  imparted suffi c i ent  quanti ­
t i e s  of co2 to a l ter the pH -C02 - H c o 3

- -co� - re l ati o n s h i p .  

The new treatment fac i l i t i es of the Longburn Freez i ng  Co . ( the 

d i scharger d i rect l y  u pstream of s i te K) wi l l  i nvol ve anaerob i c 

l agoon s . These can be expected to i ncrease the ammon i a  concentra­

ti on of the d i scharge ( Cooper , 1 982 ) . Thu s , there i s  cause  for 

concern i f  the anti c i pated reGucti ons i n  orga n i c  eff l uent to 

the ri ver a l so resu l t  i n  l arger downstream ammoni a concentrati ons  
and pH fl uctuati ons . 

The resu l ts of some ammon i a  surveys are shown i n  fi gu res  6 . 53 and 
6 . 54 .  The upstream ammon i a  concentrati ons are l ow compared t o  those 

seen at  s i te K and agree wi th concentrati ons  seen i n  the 1 980/ 1 98 1  

season ( Secti on 5 . 6 ) . The genera l pattern a t  s i te K was that the 

peak ammon i a  concentrati on occurred duri nq  the l ate even i ng hours, whi ch 
wou l d  re i nforce the content i on that the Freez i ng Company i s  the 

ma i n  contri butor to the peak concentrati ons . ( Cooke e t  aZ, 1 980 ; 

Curri e ,  1977 ) . 

By the t i me ammon i a  concentrati on began to peak , the pH l evel s were 

u sua l l y  decreas i ng .  ( F i gures 6 . 5 1 and 6 . 54 ) . Thu s , peak  pH va l ues  
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F i gure 6 . 5 3  Tota l Al11l1o n i a  fl uctua t i ons  at s i tes T , D  & K , 5-6/2/82 . 
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seen at  si te K were u n l i ke l y  to coi nc i de wi th the peak ammon i a  

concentrati on . However , th i s re l ati onsh i p wa s i nvest i gated wi th 
dur i ng the 1 982/83 season wi th equ i pment capab l e of cont i nuou s 

mon i tori ng of pH and ammon i a .  
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The peak s  recorded i n  fi gures 6 . 53 and 6 . 54 are re l at i v e l y  l ow i n  

compari son to concentrati ons recorded l ater i n  the season duri ng  l a te 

afternoon when the pH f l uctuat i ons  are most  l i ke l y  to peak ( Tab l e  

6 . 1 1 ) . 

TABLE  6 . 1 1 :  Ammon i a  concentrati ons and other re l evant var i ab l es  

at  si te K dur i ng March 1 982 

S i te Sampl i ng date ( day/month ) 1 982 

Parameters 4/3 1 5/3 16/3 18/3 1 9/3 

T i me ( hr s )  1800 1 700 1 700 1800 1800 

Temp. ( °C )  1 7 . 0  1 7 . 0  18 . 0  17 . 0  18 . 0  

pH 7 . 4 7 . 5  7 . 9 7 . 6  7 . 5  

Tota l Ammon i a -N ( g  m-3 ) 0 . 30 1 . 30  1 .  25 1 . 06 1 . 1 9 

22/3  

1 500 

18 . 5  

7 . 8  

1 . 20 

Concern ex i s ts about those ammon i a  concentrati ons recorded at h i gh 

pH va l ues . On 16 March , the thresho l d  des i rabl e ammon i a -N concentra­

ti on wa s approx imate l y  1 . 7 g m-3 and on 22  Ma rch , approx i mate l y  
1 . 9  g m-3 ( Sect i on 2 . 3 . 2 . 1 ) ( B l ack , 1 979 ; Tra i n ,  1 979 ) . Wh i l e  the 
observed va l ues  are bel ow the recommended cri teri on the d i fferences 

are sma l l enough  to warrant concern and further i nve st i gat i on . 
The resu l ts from the 1 981/82 season i nd i cated that further work was 

needed i n  three spec i fi c  area s to estab l i sh :  

( a )  The magn i tude of , and i nf l uence of env i ronmenta l factors on , pH 

f l uctuat i ons  upstream of the d i scharges . 

( b )  The cons i stency of the reduced pH f l uctuati ons a t  s i te K .  

( c )  The t i mi ng  o f  the pH and ammon i a  peak s  a t  si te K .  

Dur i ng the 1 982/83 season , these a spects were c l ose l y  i nvest i gated . 

The magn i tude of the pH f l uctuat i on wa s seen to i ncrease  a s  the 

Cladophora b i omas s  deve l oped du ri ng l ate January and February 1 983 
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( Fi gure 6 . 55 ) . Some reduct i ons i n  peak  va l ue s  recorded dur i ng 

prol i ferat i ons  were seen to be l i nked to days that experi enced 

reduced i nso l at i on . Modest a l ka l i n i t i es i n  the range 6 5-85 g 

( CaC03 )m-3 ( 1 . 3 - 1 . 7 Eq m-3 ) were observed dur i ng week ly  samp l i ng 

i n  the 1 982/83 sea son . 

Ri gorou s stat i st i ca l  ana l ys i s of pH f l uctuat i ons  and r i ver and 

env i ronmental  parameters suffered from both the theoret i ca l  con­

s i derat i on s  d i scu s sed i n  the prev i ou s  two secti on s ,  and t he few 

data po i nts ava i l ab l e .  After the m i d -February f l u s h  the Cladophora 

recovery ( Sect i on 6 . 4 ) wa s i nd i cated by the expan s i on of the pH 

fl uctua t i ons . The max i mum recorded pH wa s 9 . 2  a nd dur i ng peri od s 

of a l ga l  pro l i ferati on the peak wa s regu l arl y greater than 8 . 5 .  

Concern centred about whether very a l ka l i ne waters trave l l ed down 

t� were ma i nta i ned , and co i nc i ded wi th the h i gh ammon i a  concentrati on s 

a s soci ated wi th the organ i c  d i scharges . The d i fferences between 

the pH profi l e s observed above the d i sc harges and those observed 

at the area of max imum ammon i a  concentrati on  i s  i l l u stra ted by the 

data pre sented i n  f i gure 6 . 56 .  The max imum pH at s i te M occurred 

between 1 500 and 2 1 00 hrs , and apart from some mi nor reversa l s  at  

l ow pH  the  pattern was one  of con s i stentl y reduced peak  pH l eve l s 
at s i te K compared to s i te D .  The extent of the d i fference vari ed 

con s i derab l y ,  even dur i ng the f i ve -day ' ru n ' i l l u s trated i n  f i gure 

6 . 56 .  The t imi ng and magn i tude of the three major  d i schargers ,  wi l l  

have l arge affects  on th i s i n ters i te pH d i fference . 

Experi ence from the 1980/81 and 1981/82 seasons l ed to the expect­

at i on of peak ammon i a  concentrat i ons  dur i ng the l ate afternoon/ 

even i ng ( 1 500-2 1 00 hr�. However ,  duri ng the 1 982/83 season when some 

automated cont i nuous sampl i ng wa s empl oyed , t h i s pattern d i d  not 

appear to be con s i stent . Data presented i n  f i gures 6 . 57 -6 . 59 and 

e spec i a l l y  f i gure 6 . 58 i nd i cate that the t im i ng and mag n i tude of 

the ammon i a  peak ( s ) can be h i gh l y  vari a bl e .  The ammon i a  concen­

trat i ons  were never greater than the cr i ter i o n  d i s c u s s e d  i n  sect i on  

2 . 3 . 2 . 1 .  The  d i fference between the  peak r i ver ammon i a  concentrat i on 

and the recommended va l ue i s  i l l u s trated i n  tab l e 6 . 1 2 .  Wh i l e  i t  

i s  rea s sur i ng to note the absence of hazardou s ( as defi ned by the cri teri on 

set out  i n  sect i on 2 . 3 . 2 . 1  and fi gure 2 . 4 )  anmoni a concentrat i ons  duri ng  
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Figure : 6 . 56pH f l uctuat i on s  a t  s i tes  M and K dur i ng 2/2/ 83 - 6/2/83 
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F igure 6 . 57 :  pH and ammon i a  fl uctuat i o ns a t  s i te s  h1 and  K 

14 - 1 5/ 1 /83 . 
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the surveys , i t  s hou l d  a l so  be apparent from fi gures  6 . 58 and 6 . 59 

that h i gh pH va l ue s  h ave been recorded at s i te K and the poss i bi l i ty 

TABLE  6 . 12 :  A compari son of s ome observed ammon i a  concentrat i ons 

wi th  the recommended va l ue s  at amb i ent pH and 20°C 

Date 28/ 1/83 28/ l /83  14/ 1/83 l/2/82 1/2/83 l/2/83 

Ri ver pH 7 . 70 7 . 30 7 . 70 8 . 05 8 . 35 8 . 40 

Observed tota l 

ammon i a-N ( g  m-3 ) 0 . 420 0 . 423 0 .  775 0 . 460 0 . 36 5  0 . 290 

Recommended 
tota l 3 . 00 4 . 60 3 . 00 2 . 00 0 . 84 0 . 80 
ammoni a -N { g  m-3 ) 

of such maxi ma coi nci d i n g  wi th peak ammon i a  concentrat i ons  s hou l d  

not be d i scounted . The  respi rat i on of the organ i c  effl uent  com­

ponents may cons i stent ly  reduce pH peak s  concurrent wi th the ri se  

of ammoni a concentrat i on .  However , the  rel i abi l i ty of such  a 

re l ati onsh i p wi l l  be obscu red by the often apparent ly  errati c 

d i scharge patterns  of the Freez i ng  Co . , and the acti v i ty of 
upstream d i schargers . 

27/ 1 /83 

8 . 90 

0 . 070 

0 . 30 



6 . 9  Summary of resu l ts from the 1 981/82 and 1 982/83 seasons  

6 . 9 . 1  L i ght  and temperature cond i t i o n s  

The comb i nati on, dur i ng spri ng , of  i ncreased d a i l y  ava i l ab l e 

i n so l at i on , l onger photoperi od and warmer waters were bel i eved 

to be the pr imary mechan i sms re s pon s i b l e for i n i t i a ti ng  

Cladophora zoosporogenes i s and ak i nete growth .  Over both season s , 

l i ght and temperatu re were genera l l y  s i mi l a r .  However , rel a ­

t i ve l y  s hort term departures from seasona l trend s had i mport-
ant  consequences for the type of  peri phyton commun i ty that 
deve l oped . The domi nance by Gomphonema growths  duri ng January 

1 983 wa s part ly  attri buted to the genera l l y  cool r i ver waters 

observed after the 26 December s pate . ( See sect i on 6 . 9 . 2 ) . 

The photo- or heterotrop i c  nature of  a peri phyton commun i ty can 

be i nf l uenced by l i ght  and temperature . Gi ven one peri phyton 

commun i ty ,  l arge l y  domi nated by phototrophs , i t  may respond a s  

a phototrop i c commun i ty duri ng per i od s  o f  h i g h  i n sol at i on , or 

converse l y i f  ri ver temperatu res are h i g h  and dayt i me l i ght 

avai l ab i l i ty i s  reduced , the peri phyton commun i ty wou l d  then g i ve 

a heterotroph i c  respon s e .  The da i l y  terrestri a l  l i ght has  been 

s hown to con st i tute a u sefu l pred i ctor for the total  da i l y  DOOm . 

Conceptua l l y some other l i ght  parameter such  a s  a port i on of the 

da i l y  i ntergral or the prev i ou s  day ' s  l i ght  c l i mate s hou l d  exp l a i n  
more of the da i l y  DOOm . However ,  the i denti f i cat i on of  the most  

i nf l uent i a l  l i ght parameter wi l l  a l ways be  hampered by the  

l oca l i zed and  genera l f l u ctua t i ons of  r i ver tra n sparency . 

6 . 9 . 2  CZadophora b i omas s  den s i ty and d i s tr i but i on 

Summer prol i ferat i on s of CZadophora were i n i t i a ted by 
zoo sporogenes i s from over-wi nteri ng  f i l ament s  i n  protected 
tri butari e s  and germi nat i ng  ak i netes found i n  both the ma i n  r i ver 

and many of  i ts tri butar i e s . The estab l i shment  of  zoospores and 

the devel opment of pro l i ferat i on s  requ i red rel at i ve l y  stab l e 

fl ow cond i t i ons . The numerous l arge f l u s he s  dur i ng December 1 982 

were t he probab l e rea son for the fa i l u re of  Cladophora 

pro l i ferat i ons  to deve l op  unt i l l ate J a
.
nuary .  These f l u s he s , and 

the cool  waters that fol l owed i n  January were a l so probab l y  
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respon s i b l e for the Gomphonema growths  that domi nated unt i l l ate 

January and d i dn • t  d i sappear from the r i ver unt i l l ate February/ 

Marc h . 

The frequency and magn i tude of f l u s h  events were i mportant 

factors govern i ng the  compo s i t i on of estab l i s hed peri phyton 

a s sembl ages . The pos i t i on of a peri phyton commun i ty i n  re l at i on 

to ri ver current ve l oc i ty and the force of fl u s h  events deter­

mi ned i ts photo- heterotroph i c  nature . The stabi l i ty of the 

ri ver substrate to fl u s h  events wa s a l so an  i mportant  factor i n  

determi n i ng both the quanti ty and qua l i ty of peri phyton 

a s sembl ages . 

6 . 9 . 3  R i ver Nutri ents 

P concentrat i on was i nfl uenced by fl u sh events , wi th heavy 

prec i p i tat i on u sua l l y  bri ng i ng l arge amounts of read i l y  ava i l a b l e 

P i nto the r i ver . Duri ng steady l ow fl ow peri ods i n  l ate 

January/February , 1 983 when Cladophora pro l i ferat i ons  were 
-3 exten s i ve ,  DRP was observed to fa l l to 4 mg P m  Concurrent l y ,  

P NATs i nd i cated that there was growth rate l i mi ta t i on by P .  

Du ri ng the prev i ou s  season TP concentra t i ons  of a pprox i mate l y  
14- 16  mg P m-3 were a l so a s soci ated wi th P NAT responses  that 

i nd i cated growth rate l i m i tat i on by P .  

N concentrat i on wa s not l i nked to the f l u sh events i n  the same 

fa s h i on a s  P ,  a l though duri ng l a rge f l u s h  events i n  the  1 98 1/82 

season both TN and N03 - N u sua l l y  i ncrea sed dramat i ca l l y  ( TN u p  
-3 -3 to 2000 mg N m from an average of a pprox i mate l y  300 mg N m , 

N03 - N wa s u sua l l y  50-70% of the TN ) .  I n  the 1 982/83 season the 

more read i l y  avai l ab l e D I N  ( N03 - N ,  N02 - N and NH3 - N )  were 

mon i tored but at no t i me d i d  the concentra t i on d rop l ow enough to 

g i ve a response of N l i mi tat i on i n  the N NATs . 

6 . 9 . 4 Nutri ent Ava i l ab i l i ty Tests 

Dur i ng both season s , the P NATs often i nd i cated that dur i ng  s teady 
l ow f l ow cond i t i on s  the growth rate of Cladophora prol i ferati ons  

was P l i m i ted . The  degree of l i m i tat i on i ncreased from s i tes T 
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and D to s i te M .  The TTP ,  E P  a nd APA NATs u su a l l y  agreed wi th 

one another . I n  some c i rcumstances i nterpretat i on wa s d i ff i cu l t 
because of the varyi ng res ponse t imes of the P NATs . The PUR 

tes t  d i d  not a l ways prov i de as conc l u s i ve evi dence for or 

aga i nst  P- l imi tat i on occurr i ng as the other P NATs d i d .  

The N NATs never gave conc l u s i ve ev i dence for any N l i m i tat i on 

of the CZadophora 's growth rate . 

6 . 9 . 5  Pri mary Product i v i ty and D i ssol ved Oxygen  f l uctuat i ons  

The  Pr i mary Product i v i ty of the Manawatu Ri ver , du ri ng the  summer 

steady f l ow per i od s , wa s observed to be h i gh l y  vari ab l e .  Depend ­

i ng on the quant i ty and qua l i ty of per i phyton b i omas s , env i ron ­

menta l  and ri ver c haracteri st i c s ,  the NAP i nd i cated that the 

r i ver cou l d  act as a photo- or heterotroph i c  commun i ty .  

( -2 - 1 ) e . g .  1 2  to - 13  g 02 m d . The i n sol ati on and ri ver cond i t i ons  

a s soc i ated wi th fl u s h  events were the  ma i n  factors that produced 

the negat i ve NAP va l ues  more 

organ i ca l l y  pol l u ted r i ver . 

u sua l l y  a s soc i ated wi th an 

The moderate l y  h i gh GP va l ue s  

( -3 - 1 ) e . g .  12 g 02 m d observed were i nd i cati ve of a r i ver wi th 

mi l d  eu troph i cati on . 

The DO f l uctuati ons were often qu i te dramat i c ,  peaks  of greater 
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-3 -3 than 1 2 . 2  g m and troughs  of l es s  than 7 . 0  g m were frequent l y 
observed . The l atter were u sua l l y  concurrent wi th h i gh DODs , 

and often meant that  the r i ver ' s  a s s im i l ati ve capac i ty was reduced . 

6 . 9 . 6  Maxi mum da i l y  Di ssol ved Oxygen Defi c i ts 

The da i l y  DODms were exami ned together wi th var i ou s  per i phyton , 

env i ronmental  and r i ver parameters ,  u s i ng mu l t i p l e  l i near 

regre s s i on ana l ys i s to construct  an emp i r i ca l  pars imon i ou s  

regre ss i on equati on that wou l d  expl a i n t h e  vari a t i on i n  the 
DOOm . Data from the 1 981/82 and 1 982/83 sea son s were poo l ed and 
the resu l tant  pred i ct i ve equat i on i so l ated the TR as  the most  

i nfl uent i a l  contri butor to  the f i n a l  pred i c ted DOOm fol l owed by 

the sea son and the r i ver f l ow , the l ea s t  i nf l uenti a l  pred i ctors 

were the terrestri a l  l i ght  and the regres s i on constant . Th i s 

equat i on accounted for 72% of the DOOm var i a t i on a nd had 95% 
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-3 ( ) confi dence l imi ts of approx i mate l y  0 . 7  g m  2 x S tandard Dev i a t i on . 

6 . 9 . 7  pH and ammon i a  

Upstream da i l y  pH f l u ctuati on s were often observed to be qu i te 

dramati c ,  frequent l y  ri s i ng from around 7 . 2 to a bove 9 . 0 .  I n  

the r i ver reache s , down stream of the d i scharges ,  that experi enced 

h i gh ammon i a  concentra t i ons. upstream pH fl uctuat i ons were reduced 

due to the re spi ratory i n put of co2 a s soci ated wi th bacteri a l  

degradat i on of the organ i c effl uents . Al though  tox i c  concentra ­

ti ons  of ammon i a  were not observed , tempora l vari a t i on s , and 

pea k  concentrati ons  were errat i c and the  absence of tox i c  

s i tuati ons  may we l l  have been s i mp l y fortu i tou s .  The i mpl emen­

tati on of new treatment fac i l i t i es ( d e s i gned to  reduce the  

organ i c l oad i ng )  may wel l i ncrease the ammon i a  concentrat i on s  

and p H  peak s  i n  t he  down stream reaches . 
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7 .  THE PRACT I CAL IT I ES OF LOT I C  CLADOPHORA CONTROL STRATEG I ES 

T h i s chapter wi l l  bri efl y con s i der the vari ou s strateg i es that 

cou l d  be u ti l i zed to reduce the Cladophora ( and other per i ­

phyton ) b i omas s  duri ng  per i od s  of prol i ferati on .  The i mp l i c i t  

rati ona l e  i s  that i f  the tota l b i omas s  can be reduced then the 

water qua l i ty and r i ver use probl ems wi l l  su bsequent ly  be 

ame l i orated ( Freeman & McFar l ane , 1 982 ) . 

7 . 1  Chemi ca l  control 

An extreme l y  wi de array of compounds have been u sed i n  the pa s t  

for control l i ng  a l ga l  growths . However , te sts oversea s have 
shown Cladophora to be parti cu l arl y hardy when exposed to c l as s i c  

a l g i c i de s  l i ke copper su l phate . Other aquati c l i fe u sua l l y  

suffers before any harm befa l l s  Cladophora ( Pa l mer , 1 980 ; 

Wh i tton , 1 967 ) . However , organ i c  herb i c i de s  that have se l ect i ve 

tox i c i ty ,  s hort ha l f- l i ves  and harm l e s s  res i dues , together wi th 

modern app l i cat i on techni ques such as ge l - impregnat i on that a l l ow 

aquati c herb i c i des  to be app l i ed d i rec t l y  to s pec i fi c  s i tes , may 

we l l  prove to be effi c i ent  a nd env i ronmenta l l y  acceptab l e for 

the contro l of l ot i c  peri phyton pro l i ferati ons . ( C l ayton & 
Tanner , 1 983 ) . 

7 . 2 Phys i ca l  removal  

The a l ga l  b i omas s  cou l d  be phys i ca l l y  removed when i t  reaches a 

pre-determi ned s i te den s i ty .  The i denti fi cat i on of  th i s l eve l  

a nd  the extent of cropp i ng or harvest i ng  needed wou l d , by nece­

s s i ty ,  be a compromi se between the i mpact of s pec i fi c  b i omas s  

den s i t i e s  a nd  the costs  i nvo l ved i n  remova l .  Techn i ques  u sed 
wi th l ake macrophyte prob l ems i n  New Zeal and may be adapted 

together wi th su i tab l e j et-boats for u se i n  the Manawatu R i ver . 
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One major d i sadvantage of th i s  strategy i s  that after a l ga l  b i omas s  

den s i t i e s  are  reduced they may rap i d l y  retu rn to  the i r  former 

statu s .  

7 . 3  Nutr i ent  reduct i on 

P Nutr i ent Ava i l ab i l i ty Tests  have s hown that the growth rate 



of CZadophora was frequent l y  l i m i ted , duri ng  l ow s teady f l ow 

per i od s , by the ava i l ab i l i ty of P .  I f  P i nputs  to the r i ver 

cou l d  be reduced , the frequency and durat i on of  these P l i m i ­

tat i on per i od s  may be i ncrea sed . I f  successfu l , th i s  strategy 

wou l d  then i ncrease the t i me needed to produce h i g h  b i omas s  

den s i ti es o f  CZadophora, and con sequen t l y  i ncrease the pos s i b i l i ty 

of washout occurri ng before excess i ve l eve l s had been reached . 

A genera l l y  l ower P concentrat i on i n  the ri ver cou l d  a l so 
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enabl e a d i fferent peri phyton s pec i e s  to domi nate . The pos s i b i l i ty 

of other peri phyton domi nat i ng the r i ver , wa s rea l i zed when f l u s h  

events and co l d  ri ver temperatures  retarded CZadophora devel op­

ment a l l owi ng Gomphonema to  domi nate . 

7 . 4 Summary 

Before any contro l  strategy cou l d  be attempted on a l arge sca l e ,  

sma l l sca l e  l a boratory and f i e l d  stud i es wou l d  have to be 

i nvesti gated . 

One potent i a l l y  fru i tfu l approach wou l d  i nvo l ve combi n i ng two or 

more of the above strateg i es . F i rst l y ,  the effects  of reduc i ng 
DRP on the compo s i t i on and growth rate of  Cladophora ( or other 

peri phyton ) cou l d  be  i nvesti gated . Second l y ,  potent i a l  aquat i c  

herbi c i de s  cou l d  be r i gorou s l y  i nvesti gated to a s se s s  the i r 

tox i c i ty to the peri phyton of concern and other b i ota of , and 

i nvo l ved wi th , the ri ver . Th i rd l y ,  ba s i c  i n vest i gat i ons  cou l d  

be carri ed out to tes t  the fea s i b i l i ty o f  phys i ca l  remova l  

techn i ques . The  overa l l a im  of a combi ned strategy wou l d  be  to  

reduce the  magn i tude and frequency of the  Cladophora prol i ferat­
i on s  and , i n  the event of a prol onged steady l ow f l ow s i tuat i on 

that enab l ed exce s s i ve Cladophora to bu i l d  u p , to remove i t  

qu i c k l y  and cheap l y before any maj or probl ems deve l oped . 



CHAPTE R 8 

AREAS THAT WARRANT FURTHE R  STUDY 



8 .  AREAS THAT WARRANT FURTHER  STUDY 

Dur i ng  th i s  study var i ou s  avenues  of re search have appeared that 

warrant more deta i l ed study . Many have been fol l owed , but  others 

have been beyond the scope of the research . Some of these a re 

deta i l ed bel ow : 

( a )  Average r i ver Cladophora ( Peri phyton ) b i omas s  den s i ty :  

The u se of remote sen s i ng comb i ned wi th ground ca l i brat i on s  

cou l d  prov i d e  e st imates o f  average per i phyton b i omas s  

den s i ty ( As opposed to average s i te fi gures ) .  Potenti a l l y ,  

th i s  wou l d  prov i de a quanti tat i ve parameter , wh i ch 

together wi th  a qua l i tat i ve descr i pti on , cou l d  be u s ed a s  

a pred i ctor for the DOOm o r  max imum pH . ( See ( e )  be l ow) . 

The average r i ver peri phyton b i omas s  dens i ty cou l d  a l so 

be u sed i n  conjuncti on wi th stud i es desi gned to e l u c i date 

the P pathways i n  the ri ver . ( See ( c )  bel ow ) . 

( b )  Cladophora ( Peri phyto n )  a s sembl age compos i t i on :  

There i s  a need to have some s impl e qu i c k method s that  cou l d  

be u sed to g i ve a qua l i tat i ve and quant i tat i ve descr i pti on 
of contag i ou s l y  d i s tr i buted peri phyton commun i ty b i oma s s . 

Var i at i on s  on ex i st i ng techn i que s  ( Append i x  4 ) ,  such  a s  

mu l t i p l e  su bsamp l i ng o f  l arge bl ended compo s i te quadra t  

samp l es , cou l d  b e  u sed t o  quanti fy vari ou s peri p hyton 

a s sembl age components . ( e . g .  Ch l orophyl l -a ,  dry wei ght , 

ash -free dry wei ght , ATP ,  carbon , n i trogen and phosphoru s ) . 

The resu l ts wou l d  be a s ses sed i n  terms of effort out l ayed 

and the amount  of u sefu l descri pti on ach i eved . 

( c )  Phosphoru s cu l ture s tud i e s : 

I n  order to study the effects of spec i f i c  nutri ents  on  l ot i c  

peri phyton i t  i s  des i rab l e to have a control l ed l aboratory 

system that c l osel y re sembl e s  the r i ver s i tuat i on . The 

• once through • fl ow system i s  i dea l i n  t h i s re spect , the 

exact concentra t i on of a part i cu l ar nutr i ent  can be mea sured , 

adj u s ted and peri phyton responses  mon i tored . Such  a system 

2 1 1  



2 1 2  

cou l d  he l p  refi ne many o f  the rel at i onsh i ps  between  DRP 

(or some other more read i l y  ava i l ab l e  P form such as a l ow mol ecu l ar 

wei ght  reacti ve P component )  and P NATs ( Wh i te & Payne , 1 982 ) . 

( d ) Phosphoru s s i n k s  i n  the Manawatu Ri ver : 

( e )  

I n  order to a scerta i n  the i mpact  of CZadophora prol i fer­

ati ons  ( and other peri phyton growths ) on the P concentra­

ti on i n  the r i ver , i t  wou l d  be necessary to fol l ow the 

fate of a background orthophosphate 3 2P sp i ke to the r i ver . 

Spec i fi c  components of the ri ver system cou l d  be ana l ysed 

for the i r 32 P content and major s i n k s  and pathways cou l d  

be i denti fi ed . More deta i l ed tracer exper iments cou l d  be 

needed to establ i sh a l l the components and pathways i nvol ved 

i n  P cyc l i ng .  

The re l at i ons h i p between DOD and peri phyton env i ronmenta l m 
and ri ver vari ab l es : 

Th i s cou l d  be conti nued a l ong the l i nes  deta i l ed i n  sect i on 

6 . 7  . 3 . Many of the pred i ctor vari ab l es  cou l d  be more 

u sefu l i f  they were more accuratel y  descri bed ( e . g .  ( a ) ­

( d )  above ) .  The bas i c  regress i on equat i on cou l d  be  con­

ti nua l l y  u pdated i n  the l i ght of add i t i ona l  data . 

( f )  pH and ammon i a  mon i tori ng : 

Thi s shou l d  be conti nued , both u p s tream and downstream of 

the d i scharges . Changes ( both c hem i c a l  and b i o l og i ca l ) 
that occur due to the i mpl ementat i on of  add i t i onal  waste 

treatment fac i l i t i es s hou l d  be  c l ose l ' ·  exami ned . I t  wou l d  

be worthwh i l e  to mon i tor upstream dai l y  pH fl uctuat i ons i n  an  

attempt to construct a predi cti ve equati on for 

max imum pH i n  a fa sh i on s imi l ar to the DOOm pred i ct i ve 

equat i on . 

( g )  CZadophora contro l s trateg i es : 

The pos s i bi l i tes  of the var i ou s  control s trateg i es out l i ned 

i n  chapter 7 warrant pre l i mi nary i nvest i gati ons . 
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9 .  CONCLUS I ONS 

Sea sonal  factors p l ay a maj or ro l e  i n  contro l l i ng the deve l opment 

of Cladophora prol i ferat i ons . Wi th the onset of the spr i ng/ 

summer steady l ow fl ow per i od s  i n  the Manawatu R i ver , the benth i c  

su bstrate becomes ava i l ab l e  for per i phyton co l on i zat i on . The 

f i l amentou s a l ga Cladophora has taken advantage of th i s regu l ar 

occurrence and become e stabl i s hed a s  the domi nant recurrent 

spec i e� prol i ferat i ng throughout the  u pper Manawatu Ri ver a s  the  

summer progre s ses . However , the  l i fe cyc l e of Cladophora i s  

very dependent on the norma l sequence of c l i mati c and r i ver 

cond i t i on s  occurr i ng . When these progre s s i ons are marked l y  d i s ­

turbed the Cladophora pro l i ferat i on deve l opment c a n  b e  i n ter­

rupted l eav i ng the benth i c substrate ava i l a b l e for col on i zat i on 

by other opportun i st i c peri phyton . 

Prov i d i ng the env i ronmenta l cond i t i on s  have combi ned to a l l ow 

the devel opment of a Cladophora prol i ferati on ( or another 

peri phyton growth ) ,  the major factors affecti ng the bi omas s  are 

the frequency and magn i tude of  fl u sh events . Large spates 

were seen to tota l l y  dec imate any peri phyton and sma l l frequent 

fl u shes  conti nua l l y  arrested the deve l or�ent . 

Dur i ng  steady l ow fl ow peri od s when C ladophora had become 

exten s i ve throughout the ri ver the d i sso l ved phosphoru s content 

of the ri ver water was often l ow enough  to reduce the i nterna l  

a l ga l  phosphoru s to  v a l ues  that restr i cted the max i mum growth 

rate . A down stream trend of i ncreased phosphoru s l i m i tati on was 
demonstrated by phosphorus nutri ent avai l ab i l i ty tests , a l ong 

the maj or up stream s tudy reach ( 13  km ). Li mi tati on was 

usua l l y  a l l ev i ated by nutri ent  i n puts associ ated wi th 

s pates . 

The d i sso l ved i norga n i c  n i trogen concentrati on of the r i ver  

duri ng steady l ow fl ow peri od s wa s compara t i ve l y l ow ,  a l though 

i t  never cau sed the n i trogen nutri ent ava i l ab i l i ty tests to 

g i ve responses  i nd i cat i ve of n i trogen l i m i tat i on . 
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The CLadophora ( and other peri phyton ) caused s i gn i fi cant  water 

qua l i ty effects , such as l a rge d i urn a l  DO fl uctua t i on s . The 

mi n i mum DO concentrati on  that occu rs wi l l  reduce the ri ver ' s  

a bi l i ty to a s s i mi l ate the oxygen -demand i ng orga n i c  d i s c harges 

that occur further downstream , whi l e  mai nta i n i n g  the mi n i mum 

desi rabl e DO concentrati on .  Many of the  factors i nfl uenci ng  
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the a l ga l - i nduced DO mi n i mum or more speci fi ca l l y  the maxi mum dai l y  

DO defi c i t  ( DOOm) have been exami ned i n  an effort to  understand 

the processes  i nvol ved in produc i ng th e range of DOOm . An 

empi r i c a l  pars i mon i ous  regress i on equ a t i on wa s deve l oped , u s i n g  

data from both t he  1981/82 a nd  1 982/83 seasons , whi ch  exp l a i ned 

7 1 . 5% of the DOOm vari a t i on .  The tota l Res p i rat i on ( TR )  of the 

ri ver communi ty contri buted the most  to the tota l predi c ted DOOm 
fo l l owed by the i nf l uence of the d i fferent peri phyton or  s ea son and 

the average dai l y  ri ver fl ow ( F ) . The average dai l y  terrestri a l  

l i ght  ( LT ) and a regress i on constant a l so contri buted t o  the total  

pred i cted DOOm . The TR proved to be the most i mportant  pred i ctor 

because i t  accounted for vari ous peri phyton and p l ankton i c  commu ­

n i ty changes  that occurred between ,  and duri n g ,  season s .  

The DOOm cou l d  be predi cted dai l y  by mon i tori ng  the  rel evant 

parameters , TR , F and LT , and substi tut i n g  the  data for the 

vari ab l e s  i n  the equat i on .  The peri phyton pro l i ferat i on type 

i s  i denti fi ed and the appropri a te code u sed . The magni tude of 

the pred i cted DOOm then enab l e s  the water qua l i ty manager to 

i denti fy a potenti a l l y  hazardou s s i tua ti on and take any necessary 

remedi a l acti on . 

The regres s i on equati on cou l d  on l y  be  app l i ed to e i ther of the  

two s pec i fi c  peri phyton s i tuati ons that  deve l oped i n  the  Manawatu 

R iver . I n  future season s , new data cou l d  be  used to conti nua l l y  

modi fy and i ncrease  the app l i cabi l i ty o f  the regress i on equati o n .  

The other major  water qua l i ty effect of  peri p hyton pro l i ferati on s  

can b e  severe d i urna l p H  osc i l l a ti ons .  These u p s tream a l ga l -
i nduced d i urna l pH fl uctuat i on s  have been seen to be ma i nta i ned , 

a l though somewhat reduced , downs tream of the  d i scharges .  The bacter i a l  

resp i rat i on occurri ng  i n  the  regi on o f  t h e  d i scharges was 

responsi b l e for the amel i orat i on  of the pH f l uctuat i ons .  U s i ng  the 



presen t l y  accepted New Zea l and ammon i a  cri ter ion there were no  

recorded i n s tances of  tox i c  ammon i a  concentrat i ons . However ,  two 

po i nt s  shou l d  be made : -

( i }  The t i m i ng  of the pH and ammon i a  peaks  d i d  not u sua l l y  

co i nc i de , however , potent i a l l y  tox i c  concentrat i ons  have 

often o n l y  been narrowl y separated . 

( i i )  Add i t i ona l  pol l u t i on contro l fac i l i t i e s des i gned to 

reduce the l oad of oxygen-demand i ng d i scharges to 

the r i ver may concurrent l y i ncrease the amoun t  of 

ammon i a  and a l so reduce the ame l i orat i on of pH 

fl uctuat i ons . 

The peri phyton pro l i ferat i on s  have a number of water qua l i ty 

management i mp l i cat i ons . These need to take accou nt of an swers 

to the fol l owi ng questi ons : -

( i )  I s  the i mpact of the a l ga l - i nduced d i u rna l DO and pH 

fl uctu a t i ons  suffi c i en t  to warrant  e i ther a l ga l  

control measures  or  the  adopt i on of  str i cter contro l s 

on the organ i c/ammon i a  d i scharges?  

( i i )  I s  there a rea l i s t i c  a l ga l  control method that cou l d  be 

emp l oyed to reduce the b i omas s  of a l ga l  prol i fera t i on s ?  

The re su l ts o f  th i s study i nd i cate that dur i ng s teady l ow f l ow 

per i od s  when a l ga l  prol i fera t i o n s  are exten s i ve throughout the 

u pper r i ver some control mea sures  may need to be adopted to 

ensure adverse water qua l i ty cond i t i on s  do  not ar i se . At 

present  there are a number of add i t i ona l  treatmen t  fac i l i t i es 

neari ng comp l et i on that are des i gned to reduce the organ i c l oads  

from the three major d i schargers . These measures may wel l 

i ncrease the m i n i mum DO concentrat i ons  but the i r effect o n  t he 

pH/ammon i a  profi l es i s  a su bj ec t  for specu l at i on .  

I n  the event  that the new treatment  fac i l i t i es s t i l l  l eave the 

r i ver wi t h  some severe water qua l i ty prob l ems ,  i t  may we l l be 

prudent  to i nvesti gate the practi ca l i ty of some a l ga l control 

measures . A method of in situ b i omas s  reducti on wou l d  a ppear 
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to be a feas i b l e  approach e i ther wi th a ' safe ' a l g i c i de app­

l i cati on or v i a  a phys i ca l  removal  programme . 
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Photograph 2 
Cladophora pro l i fera t i o n s  nea r 
S i te T ,  summer 1 983 . 
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P hotograph 1 
Cladophora pro l i ferat i on s  
nea r S i te M ,  summer  1 98 1 . 



P ho tograph 4 

C l o s e - u p  of  a CZadophora­
Gomphonema a s sembl age . 
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P hotograph  3 
C l o s e - u p  of a Cladophora 
a s sembl age  ... 



Photograph  6 

L a bora tory cu l tu r i n g  

v es s e l s. 
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P hotograph  5 
You n g  rapi d l y  g rowi ng  
C ladophora fi l ame n t , bar  
e q u a l s 1 00 �m . 
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USER: BT0 2 4 5 RIVER 
APPEND I X  2 

RIVTEST 1 • F 7 7  COMPUTER PROGRAMME FOR PRI MARY PRODUCTI V I TY ANALY S I S  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

L A BEL : P R T 0 0 2  - F O RM  CARBON 

S POOLE D : 

S T A RTED : 

8 2 -0 3 - 3 1 . 1 3 : 0 8 

8 1 - 0 8 - 0 3 . 1 8 : 2 6 ,  ON : AMLC B Y : D I A BLO 

M a s sey Compute r C e n t r e , D i a b l o  P r i n te r . 



DIMENS ION C ( 2 0 0 ) , TI M ( 2 0 0 ) , T ( 2 0 0 ) ,  PR ( 2 0 0 ) , R ( 2 0 0 ) , P ( 2 0 0 ) 

DIMENSION C ( 2 0 0 ) , TIM ( 2 0 0 ) , T ( 2 0 0 ) ,  PR ( 2 0 0 ) , R ( 2 0 0 ) , P ( 2 0 0 ) 
D IMENS ION Q ( 1 0 ) , V ( 1 0 ) , W ( 1 0 ) , H ( 1 0 ) , AK ( 1 0 )  

OPEN ( 5 , FILE= ' DATA . 9 . 2 . 82 ' , STATUS= ' OLD ' )  

OPEN ( 7 , FILE= ' OUT . 9 . 2 . 82 ' )  

c 

c 

c 

READ ( 5 , * )  NDAY , INDEX , NIGHT 

C NDAY = NO . OF DAYS IN SAMPLING RUN 

C INDEX= NO . OF SETS OF READINGS 

C N IGHT= NO . OF SETS OF N IGHT REA D I NGS 

C V= VELOC I TY W= W I DTH Q= FLOW H=DEPTH AK= REA E RAT ION C OEF F .  

C T IM= T I ME C= O X YGEN CONC ENTRATION T= TEMP . 

c 
c 
c 

DO 1 1 0 L= 1 1 NDAY 

READ ( 5 I * ) Q ( L ) , V ( L ) I w ( L ) 

1 1 0 CONT I N U E  

D O  1 1 1  I = 1 , ( N IGHT+ 1 )  

READ ( 5 1 * )  T I M ( I ) , C ( I ) , T ( I ) 

1 1 1  CONT I N U E  

1 1 2 

�� R I T E  ( 7  I 1 1 2 )  

FORMAT ( I 

T HlE=-0 . 5 

L = 1  

T H1 E  o . o .  TEMP P R  I ) 

H ( L ) = ( Q ( L ) ) / ( V ( L ) * vJ ( L ) ) 

A K ( L ) = ( ( 3 . 7 3 4 * ( V ( L ) ) * * O . S ) * ( H ( L ) * * ( - 1 . 5 ) ) ) / 2 4 

DO 1 1 4 I = 1 I ( N IGHT ) 

T I ME =T I ME + 1  

DELC=C ( ! + 1  ) -C ( I )  

DELT= 1 

TEMP= ( T ( I + 1 ) +T ( I ) ) /2 

CONC = ( C ( I + 1 ) +C ( I ) ) /2 

C S =-0 . 2 2 5 *TEMP + 1 3 . 5 5 

P R ( I ) = D E LC/DELT - ( AK ( L ) ) * ( CS -CONC ) 

W R I T E  ( 7 1 1 1 3 )  T IM E , C ( I ) , T ( I ) , PR ( I )  

1 1 3 FORMAT ( 4 F 8 . 2 )  

1 4 CON T INUE 

DO 1 1 5 I = ( N IGHT+ 1 ) 1 I N D E X  

READ ( 5 , * )  TIM ( I ) 1 C ( I ) , T ( I ) 

1 1 5  CONT INU E 

DO 6 5 0  L= 1 , NDAY 

LX=24 * ( L- 1 ) 

H ( L ) = ( Q ( L ) ) / ( V ( L ) *W ( L ) ) 

AK ( L ) = ( ( 3 . 7 3 4 * ( V ( L ) ) * *0 . 5 ) * ( H ( L ) * * ( - 1 . 5 ) ) ) /2 4  

W RITE ( 7 ,  1 5 0 )  

1 5 0 FORMAT ( '  Q V W H AK ' , 5F8 . 2 )  

W RITE ( 7 , 20 0 ) Q ( L ) , V ( L ) , W ( L ) , H ( L ) , AK ( L ) 

2 0 0  FORMAT ( S F8 . 2 )  

WRITE ( 7 , 22 0 ) 

2 2 0 FORMAT ( ' T IME D . O .  TEMP 

DO 650 I = ( N IGHT+LX ) , ( N IGHT+2 3 +LX ) 

T IME=T IME+ 1 

DELC=C ( I + 1  ) -C ( I ) 

DELT= 1 

TEMP= ( T ( I + 1 ) +T ( I ) ) /2 

CONC� ( C ( I + 1 ) +C ( I ) ) /2 

CS =-0 . 2 2 5 *TEMP + 1 3 . 55 

PR ( I ) � DELC/DELT - ( AK ( L ) ) * ( CS-CONC ) 

WRITE ( 7 , 60 0 ) T IME , C ( I ) , T ( I ) , PR ( I )  

PR 1 ) 

DIMENS ION C ( 2 0 0 ) , TIM ( 2 0 0 ) , T ( 2 0 0 ) ,  PR ( 2 00 ) , R ( 2 0 0 ) , P ( 2 0 0 ) 
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6 0 0  FORMAT ( 4F8 . 2 )  

6 5 0  CONTINUE 

c 

c 

c 

C THE NEXT SECTION CALCULATES THE RESPIRATION DURING THE DAY 

C BY US ING THE VALUES OBTAINED BY EXTRAPOLATING BACK FROM 

C THE EVE N ING MAX RESPIRATION VALUE TO THE AVERAGE OF THE 

C LAST FOUR MORN ING READINGS . 

c 

c 

c 

DO 1 1 5 0 L = 1 , NDAY 

W RITE ( 7 ,  7 1 0 ) 

7 1 0  FORMAT ( I TIME p R I ) 
L X = 2 4 * ( L- 1 ) 

RMAX =O 

DO 7 5 0  I 1 =2 0 +LX , 3 2 +LX 

I F  ( P R ( I 1 ) . LT .  P R ( I 1 + 1 ) 

I F  ( P R ( I 1 } . LT .  P R ( I 1 + 2 )  7 1 2  

7 1 4 

7 1 6  

7 1 8 

7 2 0  

7 2 2  

I F ( P R ( I  1 )  . LT . .  PR ( I  1 +3 )  

I F  ( P R ( I 1 )  . LT .  
I F  ( P R ( I 1 ) . LT .  

IF ( P R  ( I  1 ) . LT . 

I F  ( P R ( I 1 ) . LT .  

7 5 0 CONT I N UE 

7 6 0  RMAX = P R ( I l )  

HOUR=O 

HOU R= ( I 1 )  

S RAVM=O 

P R ( I 1 +4 }  
P R ( I 1 +5 )  

P R  ( I  1 +6 )  

PR ( I 1 +7 )  

GOTO 

GOTO 

GOTO 

GOTO 
GOTO 

GOTO 

GOTO 

DO 7 8 0  I = ( N IGHT- J +LX ) , ( N IGHT+LX ) 

S RAVM=S RAVM+P R ( I )  

7 8 0  CONT INUE 

RAVM=O 

RA VM=S RA VM/ 4 

7 1 2  

7 1 4 

7 1 6  

7 1 8  
7 2 0  

7 2 2  

7 6 0  

D O  8 0 0  I =  N IGHT+LX , HOUR 

R ( I ) =RAVM+ ( ( RMAX-RAVM ) /FLOAT ( HOUR- ( N IGHT+LX ) ) ) * 

* FLOAT ( ( I ) - ( N IGHT+LX ) )  

8 0 0  P ( I } =PR ( I } -R ( I )  

DO 8 1 0  I =N IGHT+L X , HOUR 

I F ( P ( I } }  8 1 5 , 82 0 , 8 2 0  

8 1 0  CONTI NUE 

8 1 5  R ( I } =PR ( I } 

P ( I } = O  

8 2 0  DO 8 4 0  I=HOUR+ 1 , N IGHT+2 3 +LX 

R ( I ) =PR ( I } 

P ( I } =O 

840 CONTINUE 

PMAX=O 

DO 890 I =NIGHT+LX , HOUR 

I F  ( PMAX . LT . P ( I } }  PMAX=P ( I } 
8 9 0  CONTINUE 

RMIN=O 

DO 89 1 I =HOUR , NIGHT+24+LX 

I F ( R ( I ) . GT . R ( I+ 1 ) )  GOTO 892 

8 9 1 CONTINUE 

89 2  RMIN=R ( I ) 

DO 9 0 0  I =N IGHT+LX , NIGHT+2 3 +LX 

9 0 0  WRITE ( 7 , 1 0 0 0 ) TIM ( I ) , P ( I ) , R ( I ) 

1 0 0 0  FORMAT ( 3F8 . 2 )  

D IMENSION C ( 2 0 0 ) , T IM ( 2 0 0 ) , T ( 2 0 0 ) ,  PR ( 2 0 0 ) , R ( 2 0 0 ) , P ( 2 0 0 ) 
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SUMP=O 
SUMR=O 

SUMPR=O 

SUMAPR=O 

RATIO=O 

DO 1 1 0 0  I =N I GHT+LX , NIGHT+2 3+LX 

S UMP=SUMP+P ( I )  

S UMR=SUMR+R ( I )  

S UMPR=SUMPR+PR ( I )  

1 1 0 0  RATIO= ( SUMP ) / ( - S UMR ) 

S UMAPR=SUMPR/ ( H ( L ) )  

WRITE ( 7 , 1 1 0 1 ) PMAX 

1 1 0 1  FORMAT ( 1 7X ' MAX PHOTOSYNTHE S I S= ' , F 6 . 2 ,  ' GMS/CU METRE/ H R ' )  

W RITE ( 7 , 1 1 0 2 ) RMI N  

1 1 0 2  FORMAT ( 1 7X ' M I N  RES P I RATION= ' , F6 . 2 ,  ' GMS/CU METRE/ H R ' ) 

W RITE ( 7 , 1 1 0 3 ) S UMP 

1 1 0 3  FORMAT ( 1 5X ' G ROS S PHOTOSYNTHE S I S= ' , F6 . 2 , ' GMS/CU METRE/DAY ' )  

W RI TE ( 7 , 1 1 0 4 ) S UMR 

1 1 0 4  FORMAT ( 1 8X ' TOTAL RE S P I RATION= ' , F6 . 2 , ' GMS/CU METRE/DAY ' )  

W RITE ( 7 , 1 1 0 5 ) S UMPR 

. 1 0 5  FORl>lAT ( 1 7X ' N ET PHOTOS YNTHES IS= ' , F 6 . 2 , ' GMS/CU METRE/DAY ' )  

W RI TE ( 7 , 1 1 0 6 ) RAT IO 

1 1 0 6  FORl>lAT ( 2 6X I p / R  RAT I O =  I I F6 . 2 )  

W R ITE ( 7 , 1 1 0 7 ) S UMAPR 

1 1 0 7  FORl-1AT ( 1 1 X ' N ET A REAL PHOTOSYNTHES I S =  ' , F6 . 2 ,  ' GMS/SQ M E T RE /DAY ' )  

1 1 5 0 C ONT I N UE 

CLOSE ( ? ) 

CLOS E ( 5 ) 

C ALL EXIT 

END 
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APPEND IX  3 
JSER : BT0 2 45RIVE R  

COMPUTE R PROGRAMME SAMPLE OUTPUT 

t • • · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  

t • • · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  

� @@@ @@@@@ @@@ @@@ @ @@@@@ @@@@ @@@ @ @ @@@@@ @@@@ 
� @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ 
� @ @ @ @ @ @ @ @@@@ @ @ @ @ @ @ @ @ 
� �� @@ @ @ @ @ @ @@@ @@ @ @@@@ @ @ @ @@@@ @@@@ 
� @ @ (<l @ @ @ @ @ @ (<l @ @ @ @ @ 
il @ @ @ @ @ @ @ @ @ @ @ @ @ (cl @ @ 
�) @ @@ @ @@@ @@@@@ (� @@@ @ @ (a@@ @ @(�@@@ @ @ 

(<_1@@ @ l<l l d (<l�(d (d @ @ @  ���! (il � � � !@ (<l (·l �l 
(il @ @ (<1 (d @ @ (<l @ (<l @ ea fP 
tJ lil (<_l (J (<! (.l ld (<l 19 !i ) (ol 
@ (il (<l (<l ld t<l l;) (<_t@ @ r, ! til @  (d 
� @ (0 t!) @ tcl (rl @ ,;} (rl 
(� @ @ (<l @ t;l@ @ (�l (d @ (�@ @ @ (il 

@ @@ @@(d @ (g @ @@@ @@ @@@@@ @@ @@@ @@@@@ 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

LABEL : P RT 0 0 3  -FORM CARBON 

S POOLED : 8 2 -0 3 - 3 1 . 1 3 : 08 

STARTED : 8 2 -0 3- 3 1 . 1 4 : 24 ,  ON : AMLC BY : D IABLO 

•a ssey Computer Centre , D iablo P r i nter . 

Time 

D . O .  

Temp 

PR 

Q 
V 

H 

Ak 

= 

= 

= 

= 

= 

= 

= 

= 

time , beginning at su nset ( h rs l  

Di ssol ved oxygen ( g . m-3 ) 

Temperatu re ( °C )  

Net Production ( g02m-3 . hr- 1 ) 

( 3 -1 ) Fl ow m s 

Vel ocity (m s - 1 ) 

Depth ( m }  

Rearation Coeffi cient lhrs -1 } 
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TIME o . o .  TEMP PR 

TIME o . o .  TEMP PR 

0 .  50 1 0 . 4 0 2 1 . 0 0 -0 . 4 0 

1 .  5 0  9 . 90 2 1 . 0 0 - 0 . 2 3 

2 .  5 0  9 . 6 0 2 0 . 5 0  -0 . 3 7 

3 . 50 9 . 2 0 2 0 . 0 0  - 0 . 6 1  

4 . 5 0 8 . 6 0 2 0 . 0 0 - 0 . 3 5 

s . so 8 . 3 0 2 0 . 0 0 - 0 . 1 6  

6 . 5 0 8 . 2 0 2 0 . 0 0  -0 . 1 7  

7 .  50 8 .  1 0  2 0 . 0 0 - 0 . 1 8  

8 .  50 8 . 0 0 2 0 . 0 0  -0 . 1 9  

9 .  50 7 . 9 0 2 0 . 0 0 -0 . 2 0 

1 0 . 50 7 . 80 1 9 . 5 0 - o . 1 1  

Q V w H AK 

1 4 . 60 0 . 2 9 4 8 . 0 0 1 . 0 5 0 . 08 

T I ME o . o .  TEMP PR 

1 1  • 50 7 . 80 1 9 . 5 0  0 .  1 0  

1 2 . 50 8 . 0 0 1 9 . 5 0 0 . 7 4 

1 3 .  50 8 . 8 0 1 9 . 5 0  0 . 6 0 

1 4 . 50 9 . 4 0 2 0 . 0 0 0 . 5 5 

1 5 . 50 9 . 90 2 0 . 5 0  0 . 7 0 

1 6 . 50 1 0 . 50 2 1 . 0 0 0 . 66 

1 7 .  50  1 1  . 0 0  2 2 . 0 0 0 . 4 0 

1 8 .  50 1 1  . 20 2 2 . 5 0 0 . 3 2 

1 9 . 50 1 1 . 3 0  2 3 . 0 0 0 . 2 3 

2 0 . 50 1 1  . 30 2 3 . 0 0 0 .  1 2  

2 1 .  50  1 1  . 2 0  2 3 . 0 0 0 .  0 1  

2 2 . 50 1 1  . 0 0  2 3 . 0 0 - 0 . 1 1  

2 3 . 50 1 0 . 7 0 2 3 . 0 0 - 0 . 2 4 

2 4 . 50 1 0 . 3 0 2 2 . 5 0 -0 . 3 8  

2 5 . 5 0 9 . 80 2 2 . 0 0 - 0 . 5 3 
2 6 . 50 9 .  2 0  2 1 . 5 0 - 0 . 49 
2 7 . 50 8 . 7 0 2 1 . 0 0 -0 . 43 

2 8 . 50 8 . 3 0 2 1 . 0 0 -0 . ;3 5 

2 9 . 50 8 . 0 0 2 1 . 0 0 -0 . 2 7 
3 0 . 5 0 7 . 80 2 1 . 0 0 - 0 . 1 8  

3 1 .  50 7 . 7 0 2 1 . 0 0 - 0 . 3 0 

3 2 . 5 0 7 . 5 0 2 1 . 0 0 -0 . 2 1  

3 3 . 50 7 . 40 2 1 . 0 0 -0 . 1 1  

3 4 . 5 0 7 . 4 0 2 1 . 0 0 - o . 1 1  

Q V w H AK 

1 3 .  1 0  0 . 2 9 48 . 0 0 0 . 94 0 . 0 9 

T IME o . o .  TEMP PR 

3 5 . 50 7 . 4 0 2 1 . 0 0 0 . 0 8 

3 6 . 50 7 . 6 0  2 1 . 0 0 0 . 5 2 

3 7 .  50 8 . 2 0 2 1 . 0 0 0 . 99 

3 8 . 50 9 . 2 0 2 1 . 5 0 0 . 67 

3 9 . 5 0 9 . 8 0 2 1 . 5 0 0 . 7 3 

4 0 . 50 1 0 . 40 2 2 . 0 0 0 . 69 

4 1 . 50 1 0 . 90 2 2 . 5 0  0 . 5 4 

4 2 - 50 1 1 . 2 0 2 3 . 0 0  0 . 47 

4 3 . 50 1 1 . 40 2 3 . 0 0 0 . 2 8 

4 4 . 50 1 1 . 40 2 3 . 50 0 . 2 9 

4 5 . 5 0 1 1 . 40 2 3 . 5 0  0 . 0 7 

4 6  . so 1 1 . 2 0 2 3 . 0 0  -o . o s 
4 7  . so 1 0 . 90 2 3 . 0 0  -0 . 4 0 

4 8 . 5 0 1 0 . 3 0 2 2 . 50 - 0 . 5 7 

4 9 . 50 9 . 60 2 2 . 0 0 - 0 . 54 

s o . so 9 . 0 0 2 1 . 5 0 -0 . 40 

5 1 . 50 8 . 60 2 1 . 0 0 - 0 . 44 

5 2 . 50 8 . 20 2 1 . 0 0 - 0 . 38 

5 3 . 50 7 . 90 2 0 . 5 0  - 0 . 30 
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54 . 5 0  7 . 70 2 0 . 50 - 0 . 2 2 

s s . so 7 . 6 0 2 0 . 0 0 - 0 . 2 4 

5 6 . 50 7 . 5 0 2 0 . 0 0 - 0 . 2 5 

5 7  . so 7 . 40 2 0 . 0 0 - 0 . 1 5 

5 8 . 5 0 7 . 4 0 2 0 . 0 0  - 0 . 1 5 

Q V w H AK 

1 2 . 70 0 . 2 9 4 7 . 0 0 0 . 93 0 . 0 9 

T I ME o . o .  TEMP PR 

59 . so 7 . 4 0 2 0 . 0 0 0 . 47 

6 0 . 50 8 . o o 1 9 . 5 0  0 . 7 3 

6 1 . 50 8 . 8 0 1 9 . 5 0 0 . 8 1  

6 2 . 5 0 9 . 6 0 2 0 . 0 0 0 . 79 

6 3 . 5 0 1 0 . 3 0 2 0 . 5 0 0 . 66 

6 4 . 5 0 1 0 . 8 0 2 1 . 0 0 0 . 6 1  

6 5 . 5 0 1 1 . 2 0 2 1 . 5 0 0 . 5 5 

6 6 . 5 0 1 1 .  5 0  2 2 . 0 0 0 . 3 7 

6 7 . 5 0 1 1  • 60 2 2 . 0 0  0 . 2 8 

6 8 . 5 0 1 1 . 60 2 2 . 0 0 0 .  1 7  

6 9 . 50 1 1  • 50 2 2 . 0 0 0 . 3 7 

7 0 . 5 0 1 1 . 60 2 2 . 0 0 - 0 . 0 4 

7 1 . 50 1 1 . 3 0  2 1 .  5 0  - 0 . 3 9 

7 2 . 5 0 1 0 . 7 0 2 1 . 0 0 - o . 7 7  

7 3 . 50 9 . 80 2 0 . 5 0 - 0 . 5 5 

7 4 . 50 9 .  2 0  2 0 . 0 0 - 0 . 5 2  

7 5 . 5 0 8 . 7 0 1 9 . 0 0 - 0 . 4 7 

7 6 . 5 0 8 . 3 0 1 9 . 0 0 - 0 . 3 1  

7 7 . 5 0 8 .  1 0  1 8 . 5 0 - 0 . 3 3 

7 8 - 5 0 7 . 9 0 1 8 . 5 0  - 0 . 2 5 

7 9 . 50 7 . 8 0 1 8 . 0 0 -0 . 2 6 

8 0 . 50 7 . 7 0 1 8 . 0 0 - 0 . 1 7  

8 1 . 5 0 7 . 7 0 1 8 . 0 0 - 0 . 1 7  

8 2 - 5 0 7 . 7 0 1 8 . 0 0 -0 . 0 6 

Q V w H AK 

1 2 . 60 0 . 2 9 4 7 . 0 0 0 . 9 2 0 . 0 9 
T IME o . o .  TD1P PR 

8 3 . 50 7 . 80 1 8 . 0 0  0 . 5 7 

8 4 . 50 8 . 5 0 1 8 . 0 0 0 . 8 5 

8 5 . 5 0 9 . 4 0 1 8 . 5 0 0 . 8 5 

8 6 . 5 0 1 0 . 2 0 1 9 . 5 0 0 . 7 3 

8 7 . 50 1 0 . 80 2 0 . 0 0 1 .  0 1  

8 8  . so 1 1 .  6 0  2 0 . 5 0 0 . 8 9 

8 9 . 50 1 2 . 20 2 1 . 5 0 0 . 7 5 

9 0 . 5 0 1 2 . 6 0  2 2 . 0 0 0 .  1 7  

9 1 . 5 0 1 2 . 40 2 2 . 5 0 0 . 2 6 

9 2 . 50 1 2 . 3 0 2 2 . 5 0 - 0 . 4 8 

9 3 . 50 1 1 .  5 0  2 2 . 5 0 - 0 . 3 5 

9 4 . 50 1 0 . 90 2 2 . 0 0 - 0 . 5 3 

9 5 . 50 1 0 . 20 2 1 . 0 0 -0 . 6 1  

96 . 50 9 . 50 2 0 . 0 0 -0 . 49 

9 7 . 5 0 9 . 0 0 1 9 . 5 0 -0 . 44 

98 . 50 8 . 60 1 9 . 0 0  -0 . 2 7 

99 . 50 8 . 40 1 9 . 0 0  -0 . 3 0 

1 0 0 . 50 8 . 20 1 8 . 5 0 -0 . 43 

1 0 1 .  so 7 . 90 1 8 . 0 0 -0 . 2 6 

1 0 2 . 50 7 . 80 1 8 . 0 0 -0 . 2 6 
1 0 3 . 50 7 . 70 1 8 . 0 0 - 0 . 2 7 

1 0 4 . 5 0 7 . 60 1 8 . 0 0  -0 . 1 8  

1 0 5 . 50 7 . 60 1 8 . 0 0 - o . 1 8  
1 0 6 . 50 7 . 60 1 8 . 0 0 0 . 24 

Q V w H AK 
1 2 . 40 0 . 29 47 . 0 0 0 . 9 1 0 . 1 0 

TIME o . o .  TEMP PR 
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TIME o . o . TEMP PR 

1 0 7 . 50 8 . o o 1 8 . 0 0  0 . 59 

1 0 8 . 5 0 8 . 7 0 1 8 . 0 0 0 . 45 

1 0 9 . 50 9 . 2 0 1 8 . 0 0 1 .  0 2  

1 1 0 . 5 0 1 0 . 20 1 8 . 50 0 . 8 2 

1 1 1 . 50 1 0 . 90 1 9 . 0 0 0 . 69 

1 1 2 . 5 0 1 1 . 40 1 9 . 5 0 o . 85 

1 1 3 . 50 1 2 . 0 0 2 0 . 0 0  0 . 5 0 

1 1 4 . 5 0  1 2 . 20 2 0 . 5 0 0 . 4 3 

1 1 5 . 50 1 2 . 3 0 2 1 . 0 0 0 . 2 3 

1 1 6 .  50 1 2 . 2 0 2 1 . 0 0 0 .  1 2  

1 1 7 .  so 1 2 . 0 0  2 1 . 0 0 -o . 1 1  

1 1 8 . S O 1 1 .  60 2 1 . 0 0 -0 . 3 7 

1 1 9 . SO 1 1 . 0 0 2 0 . S O - 0 . 6 4 

1 2 0 . S O 1 0 . 2 0 2 0 . 5 0 - O . S 2 

1 2 1 .  so 9 . 60 1 9 . 0 0 - 0 . 6 0 

1 2 2 . S O 9 . 0 0 1 8 . S O - 0 . 46 

1 2 3 . S O 8 . 6 0 1 8 . 0 0 - 0 . 3 0 

1 2 4 . SO 8 . 4 0 1 7 . S O - 0 . 4 4 

1 2 S . S O 8 .  1 0  1 7 . 0 0 -0 . 2 6 

l 1 2 6 . S O 8 . 0 0 1 7 . 0 0 - 0 . 2 7 

1 2 7 . S O 7 .  90 1 7 . 0 0 - 0 . 2 9 

1 2 8 . S O 7 . 80 1 6 . S O - 0 . 2 0 

1 2 9 . S O 7 . 8 0 1 6 . S O 0 .  0 1  

1 3 0 . S O 8 . 0 0 1 6 . S O 0 .  1 4  

Q V w H AK 
1 2 . 40 0 . 2 9 4 7 . 0 0 0 . 9 1  () . 1 0 

T I M E  l) . Q .  T E M P  P R  

1 3 1 . 5 0  8 . 3 0 1 6 . 5 0  0 . 7 0 

1 3 2 . 5 0 9 .  1 0  1 7 . 0 0 0 . 7 9 

1 3 3 . 5 0 9 . 90 1 8 . 0 0 0 . 7 8 

1 3 4 . 50 1 0 . 60 1 8 . 5 0 0 . 6 5 

1 3 S . S O 1 1  • 1 0  1 9 . 0 0 0 . 7 1  

1 3 6 . 5 0 1 1 . 6 0 2 0 . 0 0 0 . 6 8 

1 3 7 . 5 0 1 2 . 0 0 2 1 . 0 0 0 . 4 2 

1 3 8 . S O 1 2 .  1 0  2 1 . 5 0 0 . 3 3 

1 3 9 . S O 1 2 .  1 0  2 2 . 0 0 0 . 2 3 

1 4 0 . S O 1 2 . 0 0 2 2 . 0 0 0 .  1 2  

1 4 1 .  so 1 1 . 80 2 2 . 0 0 -0 . 3 3 

) 1 4 2 . S O 1 1  • 2 0  2 1 . so - 0 . 7 1  

1 4 3 . 5 0 1 0 . 3 0 2 1 . 0 0 - 0 . 8 1 

1 4 4 . S O 9 . 4 0 2 0 . S O - 0 . 69 

1 4 S . 5 0 8 . 7 0 2 0 . 0 0 - O . S 6 

1 46 . 5 0 8 . 2 0 2 0 . 0 0 -0 . 4 0 

1 4 7 . S O 7 . 90 1 9 . 50 -0 . 44 

1 4 8 . 5 0 7 . 60 1 9 . 0 0  -0 . 3 8 

1 4 9 . 5 0 7 . 4 0 1 8 . 5 0 - 0 . 3 0 

1 5 0 . 5 0 7 . 3 0 1 8 . 5 0 - 0 . 3 1 

1 5 1 . 50 7 . 2 0 1 8 . 0 0  -0 . 3 2 
1 5 2 . 50 7 .  1 0  1 8 . 5 0 -0 . 3 3 

1 S 3 . 5 0 7 . 0 0 1 8 . 5 0 -0 . 2 3 

1 54 . 5 0 7 . 0 0 1 8 . 5 0 -0 . 2 3 
T IME p R 

1 0 . 0 0  0 . 2 2 - 0 . 1 2  

1 2 . 0 0 0 . 87 - 0 . 1 3  

1 3 . 0 0 0 . 74 - o . 1 4  

1 4 . 00 0 . 7 0 - 0 . 1 5  

1 5 . 0 0 0 . 86 - o . 1 6  

1 6 . 00 0 . 83 - 0 . 1 7 

1 7 . 00 o . 58 -o . 1 8  

1 8 . 00 0 . 5 1 - 0 . 1 9  

T IME o . o .  TEMP PR 



T IME D . O .  TEMP PR 2 5 1  

1 9 . 0 0 0 . 43 -0 . 2 0 

2 0 . 0 0 0 . 3 3 -0 . 2 1  

2 1 . 0 0 0 . 2 3 -0 . 2 2 

2 2 . 0 0 0 .  1 2  -0 . 2 3 

2 3 - 0 0 o . o o -0 . 24 

2 4 - 0 0 o . o o -0 . 38 

1 . 0 0 o . o o -0 . 5 3 

2 . 0 0 o . o o -0 . 4 9 

3 . 0 0 o . o o -0 . 4 3 

4 . 0 0 o . o o -0 . 3 5 

5 . 0 0 o . o o -0 . 2 7 

6 . 0 0 o . o o - 0 . 1 8  

7 . 0 0 o . o o -0 . 3 0 

8 . o o o . o o - 0 . 2 1  

9 . 0 0 o . o o -0 . 1 1  

1 0 . 0 0 o . o o -0 . 1 1  

MAX PHOTOSYNTHES I S =  0 . 8 7 GMS/CU MET RE/H R  

M I N  RESP I RATION= - 0 . 2 4 GMS/CU METRE / H R  

G ROSS PHOTOSYNTHES I S =  6 . 3 9 GMS/CU METRE/DAY 

TOTAL RES P I RATION= - 5 . 66 GMS/CU METRE/DAY 

N ET PHOTO S YNTHES I S =  0 . 7 3 GMS/CU t1ETRE/DAY 

P /R RAT I O =  1 • 1 3  

N ET /\ REAL PHOTOSYNTHES I S =  0 . 7 0 GMS/SQ MET RE/D/\ Y 

T IME p R 

1 1  . 0 0  0 .  1 7  - 0 . 0 9 

1 2 . 0 0 0 . 6 3 - 0 . 1 1  

1 3 . 0 0 1 .  1 3  - 0 . 1 4  

1 4 . 0 0 0 . 84 - 0 . 1 7  

1 5 . 0 0 0 .  92 - 0 . 1 9  

1 6 . 0 0 0 . 9 1  - 0 . 2 2 

1 7 . 0 0 0 . 7 8 - 0 . 2 4 

1 8 . 0 0 0 . 7 4 - 0 . 2 7 

1 9 . 0 0 o . 5 8 - 0 . 3 0 

2 0 . 00 0 . 6 1 - 0 . 3 2 

h 2 1 . 0 0  0 . 4 2 - 0 . 3 5 

2 2 . 0 0 0 . 3 2 - 0 . 3 7 

2 3 . 0 0 o . o o - 0 . 4 0 

2 4 . 0 0 o . o o - 0 . 5 7 

1 .  0 0  o . o o - 0 . 5 4 

2 . 0 0 o . o o -0 . 4 0 

3 . 0 0 o . o o -0 . 4 4 

4 . 0 0 o . o o -0 . 3 8 

5 . 0 0 o . o o -0 . 3 0 

6 . 0 0 o . o o -0 . 2 2 

7 . 0 0 o . o o -0 . 2 4 

9 . o o o . o o - 0 . 2 5 

9 . o o o . o o -0 . 1 5  

1 0 . 0 0 o . o o - 0 . 1 5 

MAX PHOTOSYNTHES IS= 1 .  1 3  GMS/CU METRE/HR 

MIN RESPIRATION= -0 . 4 0 GMS/CU METRE/HR 
G ROSS PHOTOSYNTHESIS= 8 . 0 6 GMS/CU METRE/DAY 

TOTAL RESPIRATION= - 6 . 82 GMS/CU METRE/DAY 
NET PHOTOSYNTHESIS= 1 . 24 GMS/CU METRE/DAY 

P/R RATIO= 1 . 1 8 

NET AREAL PHOTOSYNTHESIS= 1 . 32 GMS/SQ METRE/DAY 
T IME p R 

1 1 . 0 0 0 . 49 - 0 . 0 2 

1 2 . 0 0 0 . 78 - o . o 5 

1 3 . 00 0 . 89 -o . o 8 

1 4 . 0 0 0 . 90 - 0 . 1 1  

1 5 . 0 0 o . 8o -0 . 1 4  

TIME D . o .  TEMP PR 
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1 6 . 0 0  0 . 78 - o . 1 8  

1 7  . o o 0 . 76 -0 . 2 1  

1 8 . 0 0 0 . 6 1 - 0 . 24 

1 9 . 0 0 0 . 5 5 - 0 . 2 7 

2 0 . 0 0 0 . 47 - 0 . 3 0 

2 1 . 0 0 0 . 7 0 -0 . 3 3 

2 2 . 00 0 . 3 2 - 0 . 3 6 

2 3 . 00 o . o o - 0 . 3 9 

2 4 . 00 o . o o - o . 77 

1 . 0 0  o . o o - o . 5 5 

2 . 0 0 o . o o - 0 . 5 2 

3 . 0 0 o . o o - 0 . 4 7 

4 . 0 0  o . o o - 0 . 3 1  

5 . 0 0 o . o o - 0 . 3 3 

6 . 0 0 o . o o - 0 . 2 5 

7 . 0 0 o . o o - 0 . 2 6 

a . o o o . o o - 0 . 1 7  

9 . 0 0 o . o o -0 . 1 7  

1 0 . 0 0 o . o o - 0 . 0 6 

MAX PHOTOSYNTHES I S =  0 . 9 0 GMS/CU M ET RE/ H R  

1- H N  RES P I RA T I ON= - 0 . 3 9 GMS/CU MET RE / H R  ' 
G ROSS PHOTOSYN T H E S I S =  8 . 0 6 GMS/CU METRE / D A Y  

T OTAL RES P I RAT ION = - 6 . 5 4 GI-IS/CU MET R E / D A Y  

N ET PHOTOS YNTHES I S =  1 .  5 2  GMS/CU METRE/DA Y 

P / R  Rl\T I O =  1 . 2 3  

N ET /\ HEAL PHOTO S YN T H ES I S =  1 .  6 3  GMS/SQ 11 ETRE/DAY 

T I ME p R 

1 1  • 0 0  0 . 5 3 0 . 0 4 

1 2 . 0 0 0 . 8 7 - 0 . 0 1  

1 3 . 0 0 0 . 92 - 0 . 0 7 

1 4 . 0 0 0 . 86 - 0 . 1 3  

1 5 . 0 0 1 .  2 0  - 0 . 1 9  

1 6 . 0 0 1 .  1 4  - 0 . 2 5 

1 7 . 0 0 1 .  06 - 0 . 3 0 

1 8 . 0 0 0 . 54 - 0 . 3 6 

1 9 . 0 0 0 . 68 - 0 . 4 2 

2 0 . 0 0 o . o o - 0 . 4 8 
2 1 . 0 0 o . o o - 0 . 3 5 

2 2 . 0 0 o . o o - 0 . 5 3 

2 3 . 0 0 o . o o - 0 . 6 1 

2 4 . 0 0  o . o o -0 . 49 

1 . 0 0 o . o o -0 . 44 

2 . 0 0 o . o o - 0 . 2 7 

3 . 0 0 o . o o -0 . 3 0 

4 . 0 0 o . o o - 0 . 4 3 

5 . 0 0 o . o o -0 . 2 6 

6 . 0 0 o . o o -0 . 2 6 

7 . 0 0 o . o o -0 . 2 7 

9 . 0 0 o . o o - 0 . 1 8  

9 . 0 0 o . o o -o . 1 8  

1 0 . 0 0 o . o o 0 . 2 4 

MAX PHOTOSYNTHESIS= 1 .  20 GMS/CU METRE/HR 

MIN RESPIRATION= -0 . 3 5 GMS/CU METRE/HR 

G ROSS PHOTOSYNTHESIS= 7 . 79 GMS/CU METRE/DAY 

TOTAL RESPIRATION= - 6 . 5 0  GMS/CU METRE/DAY 

NET PHOTOSYNTHESIS= 1 . 29 GMS/CU METRE/DAY 
P /R RATI02 1 .  2 0  

N ET AREAL PHOTOSYNTHESIS= 1 . 39 GMS/SQ METRE/DAY 

T IME p R 

1 1 . 00 0 . 47 0 . 1 2  

1 2 . 00 0 . 37 0 . 07 

T IME o . o .  TEMP P R  



T IME D . O . TEMP PR 
2 5 3  

1 3 . 0 0 1 .  0 0  0 . 0 3 

1 4 . 0 0 0 . 83 - 0 . 0 1  

1 5 . 0 0 0 . 74 - 0 . 0 6 

1 6 . 00 0 . 95 - 0 . 1 0  

1 7 . 00 0 . 65 - 0 . 1 5  

1 8 . 0 0 0 . 62 - 0 . 1 9  

1 9 . 0 0 0 . 47 - 0 . 2 3 

2 0 . 0 0 0 . 3 9 - 0 . 2 8 

2 1 . 00 0 . 2 1 -0 . 3 2 

2 2 . 0 0 o . o o - 0 . 3 7 

2 3 . 0 0 o . o o - 0 . 6 4 ' 
2 4 . 0 0 o . o o - 0 . 5 2 

1 .  0 0  o . o o - 0 . 6 0 

2 . 0 0 o . o o - 0 . 46 

3 . 0 0 o . o o - 0 . 3 0 

4 . 0 0 o . o o - 0 . 4 4 

5 . 0 0 o . o o - 0 . 2 6 

6 . 0 0 o . o o - 0 . 2 7 

7 . 0 0 o . o o - 0 . 2 9 

8 . 0 0 o . o o - 0 . 2 0 

9 . 0 0 o . o o 0 . 0 1  

1 0 . 0 0 o . o o 0 .  1 4  
MAX PHOTO S YN T i l E S [ S =  1 .  0 0  Gt-IS/CU M ET R E / H R  

M I N  HES P I RAT I O N =  - 0 . 3 7 GMS/CU N ET RE/ H R  

G ROSS PHUTOSYN T H E S  [ S =  6 . 7 0 GM S/CU M ET R E / D /\ Y  

T OT/\L RE S P I RAT I U N = - 5 . 3 3 GMS/CU M E T R E / D A Y  

N E T PHOTO S YN T H E S  £ :3 = 1 .  3 7  GMS/CU M ET R E / D A Y  

P / R  RAT I U =  1 .  2 6  

N ET A REAL PHOTO S YN T H E S I S =  1 .  5 1  GM S/SQ l-! E T RE / D A Y  

T IME p R 

1 1 . 0 0 0 . 5 3 0 .  1 6  

1 2 . 0 0 0 . 7 1 0 . 0 8 

1 3 . 0 0 0 .  7 7  o . o o 

1 4 . 0 0 o .  72 - 0 . 0 8 

1 5 . 0 0 0 . 87 - 0 . 1 5  

1 6 . 0 0 0 . 9 1  - 0 . 2 3 

1 7 . 0 0 0 . 7 3 - 0 . 3 1  

1 8 . 0 0 0 .  7 2  - 0 . 3 9 

1 9 . 0 0 0 . 7 0 - 0 . 4 7 

2 0 - 0 0 0 . 6 7 - 0 . 5 5 

2 1 .  0 0  0 . 3 0 -0 . 6 3 

2 2 . 0 0 o . o o - 0 . 7 1 

2 3 . 00 o . o o - 0 . 8 1 

2 4 . 0 0 o . o o - 0 . 69 

1 .  0 0  o . o o - 0 . 5 6  

2 . 0 0 o . o o - 0 . 4 0 

3 . 0 0 o . o o -0 . 44 

4 . 0 0 o . o o - 0 . 38 

s . o o o . o o - 0 . 3 0 

6 . 0 0 o . o o -0 . 3 1 

7 . 0 0 o . o o -0 . 3 2 

8 . 0 0 o . o o -0 . 3 3 

9 . 0 0 o . o o -0 . 2 3 

1 0 . 0 0 o . o o - 0 . 2 3 

MAX PHOTOSYNTHESIS= 0 . 9 1 GMS/CU METRE/HR 

M IN RESPI RATION= - 0 . 7 1 GMS/CU METRE/HR 

GROSS PHOTOSYNTHES IS= 7 . 64 GMS/CU METRE/DAY 

TOTAL RESPIRATION= -8 . 2 8 GMS/CU METRE/DAY 

N ET PHOTOSYNTHESIS= - 0 . 63 GMS/CU METRE/DAY 

P/R RATIO= 0 . 92 

NET AREAL P�OTOSYNTHESIS= -0 . 7 0 GMS/SQ METRE/DAY 
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APPEN D I X 4 

MONITORING mE EFFECTS OF AITAOfED FILAKENTOUS ALGAE 
ON DISSOLVED OXYGEN 

M. C .  Freellan am P . N . McFarlane 
Biotechnology Department , Massey Un1versity 

ABSTRACT 

Methods used to measure attached filamentous algae in 
the Manawatu River are discussed. The dissolved oxygen 
deficit s (DQD) t hat can result trom t hese growths are 
then examined in an attempt to identify the variables 
responsible for prcxiuClng large DOD. Multiple llnear 
reg ression a n alysis led to a simple equa tion t h a t  
accounts for much of t he DOD variation. 

INTRODUCTION 

2 54 

Proliferat10ns of attached t ilamentous algae occur dunng summer low flow 

penods m the Manawatu River. These growths are dommated by the alga 

CJadopJJora and cause two kmds of problems:-

(1) Reduction in the user values of the nver, as t he algae interfere both 

physically and aesthetically with activities centred on the river. 

(2) W a t er quality e f f ect s ,  w h1ch m a y  impair t he river ' s  a bility t o  

assimilate sewage and t ocxi  mdustry discharges. 

These problems l ead to the f o l lowing quest1 ons : -

( 1 ) Do the water qual ity effects of the algae warrant their control ?  

( 2 )  How can these algal pro l 1 f erat1ons be control led? 

(3) Can the water quality effects caused by the algae be predicted, to 

allow suitable management strategies to the developed? 

Questions 1 and 4:! have been considered elsewhere (Freeman and McFarlane, 

Oesiqn of va ter quality surveys : proceedinqs of " symposium. 
Hoare. lt'a ter & Soli Oi v.ision, Hinistry of lt'or.ks & De velopmen t  
National lt'a ter & Sail c.:onservat.ion Orqanisa tion, ft'ellinqton, 198.l 
& Sail Hlscel.laneous Publica tion No XX.J 
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2 5 5  

( 1 9 8 2 ) .  T h i s  p a p e r  c o n s i d e r s  q u e s t i o n  3 b y  e x a m i n i n g  t h e  

relationship between the a t t ached filamentous algae and t he dis solved 

oxygen (0.0.) in t h e  river. The mght time respiratory dema n d s  of t h e  

algae cause the D .O. level to become depressed below sat u r at ion, t h e  

difference between the saturation and actual level being known as the 0.0. 
d e f i c i t  ( 0 . 0 . 0 .) .  K n o wl e d g e  of t he m a x1 m u m  D . O . D .  d u e  t o  a l g a l  

respiration , a n d  t h e  conditions u nder which i t  occurs, could help the 

Manawatu Reg10nal W ater Board co-ordin a t e  w a t er q uality management 

strategies aimed at mamtaining the water quality of downstream reaches 

receivmg oxygen demandmg d1scharges. 

ALGAL BIOMASS ESTIKATIOH 

A major characteristic of the algal proliferations in the Manawatu River is 

the patchy or clumped distribution, wh1ch results from the combination of 

the reproductive strategies of the algae and the physical characteristics 

of the nver. To quantify the average algal b10mass directly would involve 

cons1derable time and a vanety of techmques. However, discrete areas of 

intens1ve growth recur each year, and these can be used as indicators of 

the many others that occur throughout the upper reaches. In this study a 

number of these maximum growth areas were 1dent1fied at various locations 

along the river. 

Bioma ss var1ables commonly used to estimate attached filamentous algal 

b10mass include dry we1ght, ash t ree dry we1ght, chlorophyll and A.T.P. 

The advantages and disadvantages of these parameters have received much 

discu s sion (e.g. Vollenweider, 1 969; Mclntire, 1 975). A.T.P. est imations 

do not discriminate bet ween phototrophs and heterotrophs. Chlorophyll 

measurements can be easily affected by short-term environmental factors. 

Ash free dry weight measurements are usually only of importance when diatom 

dominated populations are being considered. These disadvantages leave dry 

weight mea s urement as a tech nique that in volves few i nterpretive 

difficulties, gives estimates w hich can be easily compared wit h o ther 

studies, and with which a large number of replicates may be analysed. 

Quadrat throw sampling was chosen to sample the natural river substrate 

(Wood, 1 975). (The use of a number of artificial s u b s t rates w a s  

investigated, but algal development was poor and did not match the natural 
substrate.) This technique could be used in all stages of algal growth and 

2 
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w a s  practical i n  a variety of river condition s .  T h e  magnit ude of t h e  

following variables had t o  be determmed:-

( 1 )  The quadrat size 

( 2 )  The number of throws 

( 3 )  The area to be sampled 

( 4 )  The number of sites 

( 5 )  The frequency of sampl ing 

1. A quadrat size of 0.04 m � was chosen t o  allow t he mea s u rement 

techniques to cope with biomass expected (from less than 1 g/m2 to greater 

than 500 g/m2) throughout the season. 

2. The number of throws taken at each site must be a compromise to attain 

a specific level of accuracy. Test runs of 20 t hrows were t a ken t o  

estimate the mean and standard deviation of the measurements - a typical 

result was a mean ot 1L.J and a standard deVlatwn of 6.3 (g/0.04 m2). It 

was decided t h a t  the preci s10n of the estimate of the mea n would be 

adequate if the standard deviation of that estimate were 20% of the mean. 

This means that 

6.3//N 
1 2 . 3  

= 0 . 2  

i.e. N = 7. A safety factor of three ext ra t hrows w a s  chosen, which 

resulted in ten throws on each samplmg occaswn. 

3. The sites chosen must be large enough to enable sampling to continue 

without significantly affecting t he test population. If the total area 

sampled is 10 x 0.04 m2, t hen the site a rea m u s t  be rela ted, in some 

manner, to this value. A maximum 1mpact of 1% of the total population was 

chosen as an ideal, resulting in a sampling site of 40 m2. In practice, it 

is easier to delineate square sampling sites and it was found that growth 

a reas of 10 x 10 m occurred quite frequently.  This size w a s  chosen, 

resulting in an impact of only 0.4% at every sampling occasion. 

4. Three m ajor sites were chosen for s t u d y ,  on t h e  basis of t heir 

differing physical characteristics, which were representative of the many 

growth areas observed along the upper river (Fig. 1). 

3 
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5. The f requency of sampling depends on the river conditions, and the 

growth rate of the proliferation. 

D.O. MONITORING 

D.O. was monitored continuously using a YSI model 56 D.O. monitor. D.O. 
was initially calibrated using t he Winkler technique, and air calibrations 

were performed every two days during each run. Temperature was measured 

simultaneously with a YSI thermistor calibrated against a mercury-in-glass 

thermometer. The D.O. variation was measured at one site which was shown 

to be represe n t a t ive of t he upper reaches. The total error in the 

mea s ureme n t  of D.O. w a s  approximately ±. 0.3 mg/ 1. (The sum of the 

instrument component er ror s, non-ideal probe behav10ur a n d  t he probe 

calibration u n cer tain t y )  (YSI, 1 980>. 

When attached algae are present m the nver, t he mght time respiratory 

activities cause a pre-dawn sag m the D.O. values. The maximum D.O.D. was 

calculated by comparing t h 1 s  mmmum 0 .0. v alue with t he expected 

saturation level that would resUlt trom a consideration of temperature 

alone . 

Some of this D.O.D. can be attributed to the oxygen demand of the river 

sediments, but th1s effect was thought to be relatively small. 

BIOttASS AND D . O .  DEFICITS 
The maximum D.O.D. was measured on forty-eight occasiOns during the 1981/82 

season. Concurrently, a number of variables expected to influence the 

oxygen demand of Clodop!Jort!l were measured. 

( 1 )  Light : measured as total Langleys/day in Levin (about 50 km south-

west of Palmerston North). 

( 2 )  Temperature : measured at the time of the maximum o . o . o .  
( 3 )  Flow : measured adjacent to site 2 and given as a dai ly mean . 

( 4 )  Biornass : average of three sites . 

As a preliminary exercise, the relationship between the algal biomass and 

the maximum D.o. deficit was examined (Fig. 2). 

This simple comparison illustrated the need for further information if all 

5 
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t he factors in fluencing t h e  maximum D.O.D. a r e  to b e  iden tified. One 

sim ple technique which may identify rela t ionships is the u se of a 

correlat ion coef ficient mat rix. The mat rix for the variables mentioned 

above is presented in Table 1. 

Table 1 : Correlation coefficient ��atrix of variables 

Max D . O . D .  Biomass Temp Flow 

Biomass 0 . 6 1 0  
Temp 0 . 268 0 . 08 4  

Flow -0 . 435 -0 . 678 -0 . 041  

Light o.32Y -0.007 o . so8 -0.201 

This t a ble ill u s t rates t he degree of linear cor relation bet ween t he 

variables and t he maXImum D.O.D. The variable that is most closely related 

to the D.O. D .  1s the bioma s s  (Fig. 2). Temper a t u re and ligh t  are bot h 

positively correlated w i t h  D.O.D.  (although t he t em perat ure correlation 

coef ficient is below t he significance level at p = 0.05 with 46 d.f.). 

Flow is seen to be negatively related to D.O.D. This is mamly attributed 

to the reduced biomass that results from flow increases, as illustrated by 

the high negative correlation between flows and b10mass. The matrix also 

shows that light and temperature are closely related. 

The next simple technique t hat may be utilised is a multiple regression 

analysis using all of t he above factors, with less important variables 

being omitted until t he maximum correlation is achieved. This shows that 

biomass and light are the major influences on the regression. If only 

t hese f actors are considered i n  a regres sion a nalysis t he following 

equation is obtained: 

D . O . D .  ( g/m3 ) = 0 . 655+0 . 0206 Biomass ( g/m2 ) +0 . 009 l ight ( Langleys/day ) 

( St .  Dev . = 0 . 359 , r2= 0 . 46 ,  4 5  d . f . ) 

This allows a water manager to calculate (to a given confidence level) the 

expected D.O.D. from any combination of biomass and light. 

This analysis shows that about half of the variance in D.O.D. is explained 

by these factors alone (r2 = 0.46). If a more complete picture is desired 

6 
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then the determining factors need to be more fully described and other 

possible influences need to be examined. 

The following aspects have been identified as deserving further description. 

Light : 
(a) The transparency of the river water 1s highly variable, so the light 

available to the algae would be more accurately measured in the river, 

rather than by using surface light intensity data. 

(b) Equivalent daily integrals of available light can g1ve very different 

0,0,-time graphs. The identification of the most important light parameter 

will entail f u r t her examination of 0,0. g r a p h s  together with a more 

complete data base for light. 

Nutrients : A limited amount of data has been collected regarding total 

phosphorus, total nitrogen and algal nutnent availability. On the basis 

of this information 1t is not poss1ble to identify specific relationships, 

In the future, it may be possible to carry out some mtensive studies 

involving the above, m order to assess their involvement. 

Bioaass : A major disadvantage of algal biomass estimates is that they only 

measure a portion of the Cladop!Jora assemblage, This community develops, 

dur1ng steady flow period s, to form a complex in w hich t he active 

Cladop!Jora proportion is only a part. The rest is composed of active 

epiphytic and associated algae, moribund algae, and silt and debris. The 

influence of flush events on the biomass and composition of the assemblage 

will depend on t he severity of the flush and the position of the assemblage 

in the river in relation to the channel topography, Thus, two equal algal 

biomass measurement s  may be taken from very different assemblages which 

will have very different effects on the 0.0. dynamics. 

other Factors : 

(a) Flush even t s  have a v a riet y of effec t s  on t h e  biomass/0,0, 

relationship, A s  well as red ucing t h e  a s semblage biomass, the flus h  

introduces a large volume o f  oxygen saturated water with a high suspended 

solids load ,  As t he river recovers from t he impact of t he flu sh,  t he 

remaining s u s pended load can become of increa sing impor t ance. The 

increased t ur bidi t y  red uces lig h t  a v ailable t o  the algae, allowing 

7 
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respiratory processes t o  dominate the 0.0. dynamics (depending on the water 

volume available to satisfy the demand). The suspended load can also exert 

an oxygen dem a n d  on t h e  river, the import a n ce of which can become 

significant if it is still exerted when the river has returned to a low­

flow situation. 

The suspended load also carries a large supply of nutrients. These can be 

rapidly assimilated by the algae to satisfy any shortages that may have 

arisen during prev1ous low flow periods. Nutrients such as phosphorus can 

be taken up and stored m excess of present needs to be available in case 

of shortages in the future. The algae remaining after a flush would then 

usually only be limited by the available light. 

(b) Planktonic algae are present in the river; however,levels recorded to 

date indicate that they have a mmor affect on t he D.O.D. 

CONCLUSIONS 

Some exploratory attempts at determ1mng the factors which influence the 

effects of attached algae on maximum D.O.D.'s. have been presented. The 

results from t hese s u rveys h a ve ten t a tively identified the rela tive 

importance of factors such as flow, temperature and light. The results 
also indicate that in order to fully describe events a comprehensive set of 

d a t a  is needed. However, from a m a n a gemen t viewpoint the critical 

variables have been identified , and u sed t o  develop a maximu m  D .O.D .  

prediction equation which explams about half of the observed variance. 
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DISCUSSION 
C.W.  Hickey 
Have you tried re lating max . day DO - min day DO vs bi omass present? 

Author 

Yes, but I think a water quality manager is more concerned about the worst 

case DO prof i l e 1 . e .  the max 1mum DOD . 

C . W .  Hickey 
Do you agree that the option used by yourself tdry weight) for measurement 

of 'algal bioma ss' is really only suitable for filamentous algae and not 

for alga l  mats or other benthi c  algal populat i ons? 

Author 

Yes, although the parameter used will depend on what you hope to do with 

the end result. In my case I think the predictive ability of my 'model' 

(equation) could be improved by using a parameter(s) that can describe both 

qual i tat ive and quantitative changes . 

J .  C. Rutherford 

In your Figure 3, you show large variation of DOD at low biomass, and low 

variation at high biomass, which I find surprising. Can you explain why 

this occurs? 

Author 
I would a t tribute t hese v a riations to the different com position of 

communities that may give equal biomass estimates. Also, the light climate 

experienced by the algal proliferation is not measured, and this may vary 
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con siderably depending o n  river even t s  a nd en viron men tal variation s. 

Consequently the effects on the oxygen dynamics will change. 

1 0  
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CALCULAT I ONS SHOW ING  THE E FFECT OF  COMPENSAT I NG NET AREAL 

PRI MARY PRODUCT I V I TY FOR THE VAR I AT ION OF K2 W I TH TEMPERATURE 



APPEN D I X  5 

t5.C c 
/5.t 

7 . 8 

8 . 5  0 . 7  

9 . 4  0 . 9  

10 . 2  0 . 8  

10 . 8  0 . 6  

1 1 . 6  0 . 8  

1 2 . 2  0 . 6  

1 2 . 6  0 . 4  

1 2 . 4  - 0 . 2  

1 2 . 3  -0 . 1  

1 1 . 5  -0 . 8  

10 . 9  -0 . 6  

Ca l cu l at i on s  showi ng the effec t of compen sat i ng Net  Are a l  Pr i mar� Produc ti v i t� for the 

vari at i on of K2 wi th  temperatu re 

{See aay 4 ,  Appenaix 3 J 

Ave rage Average K20 ( C s -C ) KT KT ( Cs 
-C ) PR PR 

Temp c C -C ( K20 ) ( KT ) 
s c s 

( oC ) 

18 . 00 9 . 5  8 . 2  1 . 3  0 . 1 2 0 . 086 0 . 1 1  0 . 58 0 . 59 
18 . 25 9 . 4  9 . 0  0 . 4  0 . 04 0 . 086 0 . 03 0 . 86 0 . 87 

1 9 . 00 9 . 3 8 . 8  0 . 5  0 . 05 0 . 088 0 . 04 0 . 7 5 0 . 76 

1 9 . 7 5 9 . 1  10 . 5  - 1 . 4 - 0 . 1 3 0 . 089  -0 . 1 2 0 . 73 0 . 7 2  

20 . 25 9 . 0  1 1 . 2  -2 . 2  -0 . 2 1 0 . 090 -0 . 20 1 . 01 1 .  00 

2 1 . 00 8 . 8  1 1 . 9  -3 . 1  -0 . 29 0 . 092 -0 . 28 0 . 89 0 . 88 

2 1 . 7 5 8 . 6  1 2 . 4  -3 . 8 -0 . 36 0 . 094 -0 . 36 0 . 76 0 . 76 

2 2 . 25 8 . 5  1 2 . 5  -4 . 0  - 0 . 38 0 . 095 -0 . 38 0 . 18 0 . 18 

2 2 . 50 8 . 5  1 2 . 4  -3 . 9  -0 . 37 0 . 096 -0 . 37 0 . 27 0 . 27 

22 . 50 8 . 5  1 1 . 9  -3 . 4 -0 . 3 2 0 . 096 -0 . 33 -0 . 48 -0 . 47 

2 2 . 25 8 . 5  1 1 . 2  -2 . 7  -0 . 26 0 . 095 -0 . 26 -0 . 34 -0 . 34 

N 0"'1 w 



Key : C = DO ( g  m-3 ) 

�C/�T = hou r l y change i n  C ( g  m-3 hr - 1 ) 

K2 0  = K2 , a s sumi ng no var i at i on wi th tempera tu re ( K20 = 0 . 095  hr - 1 ) 

KT = K2 a t  the ambi ent temperatu re 

u s i ng KT = Kzo ( 1 . 024 1 ) T -20  ( T  = 0c ) 
Average Temp . + average C = Ca l cu l ated from the d a ta ( Append i x  3 ) 

for the t i me per i od over wh i c h  6C/6t wa s compu ted 

PR = Net product i v i ty ( g  o2 m-3 hr - 1 ) 

ca l cu l ated u s i ng equ at i on ( 3 . 8 )  : -
PR = 6C _ K ( C  -C )  6t 2 s 

N en � 
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I NTERS ITE  PHOSPHORUS NUTRI ENT AVA I LAB I L I TY TESTS COMPAR I SONS , 
TEST I NG THE HY POTHES I S  OF I NCREASED  DOWNSTREAM PHOSPHORUS 

L I MI TAT I ON OCCURRI NG DUR I NG 1982/83 ( t-TESTS ) 
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APPEN D I X  6 I n tersi te Phosphorus Nutri ent  Ava i l a bi l i ty Te s t s  compa ri sons , 

test i n g  the hypothes i s of i n crea sed down stream Phosphoru s  

l i mi ta t i on occurri ng dur i ng 1 982/83 ( t-te sts ) 

Compar i ng Compa ri ng  Compar i ng  
S i tes  T -D S i te s  T-M  S i tes D-M 

TTP S i  g .  a t  P<O . O l S i  g .  a t  P<O . Ol No  s i  g .  d i ff .  

EP  S i  g .  a t  P< 0 . 05 S i  g .  at  P<0 . 02 No  s i  g .  d i ff .  

APA Si g .  a t  P<0 . 05 S i  g .  a t  P<0 . 05 No  s i  g .  d i ff .  

PUR No  s i g .  d i ff .  No s i g .  d i ff .  No  s i  g .  d i ff .  

KEY : 

TTP = Tota l Ti ssue  Phosphorus 

EP = Extracti ve Phospho ru s  

APA = Al ka l i ne Phosphatase Ac ti v i ty 

PUR = Phosphoru s  Up take Ra te 
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CLADOPHORA B IOMASS DENS I TY ,  E NV I RONMENTAL PARAMETERS AND 

PR I MARY P RODUCT I V I TY DATA , 1 98 1/82 



APPEND I X  7 C ladorhora bi oma ss  dens i t�, env i ronmental  Earameters and pr i ma r� Eroducti v i t� data , 1 981/82 

BM 
Light Fl ow Av . Temp . GP TR NAP DOOm �DO 

Date ( g  m-2 ) ( Langs . d - 1 ) ( m3 s - 1 ) ( oC )  ( g02m-3d - 1 ) ( -3 - 1 ) 
P/R 

( g02m-2d - 1 ) ( g  m-3 ) ( g  m-3 ) g02m d 

4/ 1 1/81 b . d  295  56 . 3  1 5 . 0  0 . 87 - 1 . 55 0 . 56 -0 . 36 Nd 0 . 5  

5/ 1 1/81 b . d  241  4 9 . 9  1 5 . 0  1 . 18 -2 . 09 0 . 56 -0 . 48 Nd 0 . 8  

18/ 1 1/81 b . d  565 3 8 . 1  1 7 . 5  2 . 28 -2 . 38 0 . 96 -0 . 05 Nd 1 . 4  

19/ 1 1/81 b . d  680 48 . 5  1 7 . 0  2 . 93 - 1 . 42 2 . 07 0 . 82 Nd 0 . 9  

20/ 1 1/81  b . d .  3 50  39 . 1  1 7 . 0  2 . 88 -2 . 58 1 . 1 1 0 . 16 Nd 1 . 5  

2 1 / 1 1/81 b . d .  7 26 37 . 0  18 . 0  3 . 02 - 2 . 87 1 .  05 0 . 08 Nd 2 . 0  

22/ 1 1/81  b . d . 738 3 1 . 7  1 7 . 0  2 . 96 - 2 . 20 1 . 35  0 . 42 Nd 1 . 5  

23/ 1 1/81 b . d . 653 2 9 . 2  18 . 0  2 . 7 5 - 1 . 76 1 .  56 0 . 59 Nd 1 . 5  

27/ 1 1 /81 1 . 0 6 1 7  2 2 . 8  18 . 0  3 . 85 -4 . 2 1 0 . 91 -0 . 27 1 . 1  1 . 7  

28/ 1 1/81 1 . 0 465 2 2 . 3  18 . 0  4 . 3 1  -3 . 84 1 . 1 2 0 . 36 0 . 1  0 . 9  

29/ 1 1 /81 1 . 0 353 2 1 . 2  18 . 0  2 . 96 - 1 . 1 2 2 . 64 1 . 49  0 . 1  1 . 3  

7 / 12/81 2 . 5  403 3 2 . 8  16 . 0  3 . 7 9 -4 . 7 2 0 . 80 - 1 . 49 1 . 8 1 . 5  

1 5/ 12/81 b . d .  26 1  38 . 8  18 . 5  1 .  26 - 1 . 81 0 .  70 -0 . 30 -0 . 5  0 . 7  

16/ 1 2/81 b . d . 387 33 . 8  18 . 5  5 . 8 1 -7 . 1 5 0 . 81 -0 . 70 0 . 3  1 . 7  

1 7/ 12/81 b . d .  185  3 2 . 5  18 . 0  2 . 59 - 2 . 60 1 .  00 0 . 0 1 -0 . 3  1 . 1  

18/ 12/81 b . d .  4 2 1  3 2 . 7  1 7 . 5  2 . 37 -2 . 74 0 . 86 -0 . 20 - 0 . 7  0 . 8  

1 9/ 1 2/81 b . d .  546 33 . 2  18 . 5  Nd Nd Nd Nd Nd Nd 

20/ 12/81 b . d .  202  3 5 . 2  1 9 . 0  3 . 74 - 5 . 74 0 . 6 5 - 1 . 09 0 . 7  2 . 2  

2 1 / 1 2/81 b . d . 1 09 4 1 . 2  1 9 . 0  Nd Nd Nd Nd Nd Nd 
30/ 12/81 b . d . 592  23 . 2  2 1 . 0  4 . 2 1 -4 . 76 0 . 88 -0 . 4 1 1 . 5  1 . 8 

3 1 / 1 2/81 b . d .  108 2 4 . 2  1 9 . 5  3 . 41 -4 . 26 0 . 80 - 0 . 6 1  1 . 8 2 . 2  

N 0'1 0'1 



5/ 1 /82 5 . 0  444 3 1 . 8  18 . 0  3 . 96 -5 . 39 0 .  74  -0 . 90 1 . 9  2 . 3  

6/ 1/82 7 . 0  464 2 5 . 2  18 . 0  6 . 4 1 -6 . 89 0 . 93 -0 . 33 1 . 9 2 . 5  

1 2 / 1/82  12  690  20 . 9  20 . 0  4 . 2 2 - 5 . 06 0 . 83 -0 . 69 1 . 7  2 . 3  

13/ 1/82 1 5  437 1 7 . 8  2 1 . 5  4 . 80 -6 . 02 0 . 80 - 1 . 1 2 2 . 2  3 . 0  

1 4/ 1 /82 1 7  433 1 5 . 8  18 . 5  6 . 2 5 - 5 . 1 2 1 .  2 2  1 . 08 1 . 6  2 . 8  

1 5/ 1 /82 1 9  581 1 4 . 9  1 9 . 5  8 . 48 -8 . 90 0 . 95 -0 . 41 1 . 8  3 . 4  

16/ 1/82 2 1  541 1 4 . 4  18 . 0  8 . 1 4 -7 . 66 1 . 06 0 . 48 1 . 6 3 . 0 

1 7/ 1/82 2 4  7 2 3  1 5 . 2  1 9 . 0  9 . 52 -9 . 93 0 . 96 -0 . 4 1 2 . 1  4 . 0  

30/ 1/82  13  698 3 2 . 2  2 1 . 0  1 . 82 -2 . 78 0 . 6 5 -0 . 59 1 . 3  1 . 0 

3 1 / 1 /82 14 539 28 . 1  20 . 5  2 . 1 4 -3 . 22 0 . 67 -0 . 76 1 . 5  1 . 2 

1/ 2/82 1 5  474 25 . 5  20 . 5  2 . 36 -3 . 1 5 0 .  7 5  -0 . 58 1 . 2  1 . 4 

2/ 2/82 1 7  552 23 . 2  20 . 5  2 . 70 -3 . 63 0 . 74 -0 . 7 7 1 . 5  1 . 7  

3/ 2/82 18 388 1 9 . 5  18 . 5  3 . 62  -3 . 85 0 . 94 -0 . 1 9 1 . 5 1 . 8 

4/2/82 1 9  688 1 4 . 8  18 . 0  2 . 62 -3 . 38 0 .  78 -0 . 7 1  1 . 7 2 . 4  

5/2/82 20 559 1 3 . 9  1 9 . 0  5 . 7 2 -4 . 95 1 . 16 0 .  7 7  1 . 1  2 . 2  

9/2/82 22 6 57 1 4 . 6  2 1 . 0  7 . 1 9 -6 . 46 1 . 1 1 0 . 70 1 . 5  3 . 9  

1 0/2/82 26 344 1 3 . 1  20 . 0  8 . 92 - 7 . 68 1 . 16 1 .  3 2  1 . 7  4 . 0  

1 1/2/82 33  650 1 2 . 7  18 . 0  1 0 . 1 6 -8 . 64 1 . 18 1 . 63  1 . 8 3 . 9  

1 2/2/82 40 624 1 2 . 6  18 . 0  7 . 18 - 5 . 95 1 . 2 1 1 . 35 1 . 9  5 . 0  

13/2/82 47 664 1 2 . 4  16 . 5  7 . 06 -5 . 83 1 .  2 1  1 . 36 2 . 0  4 . 5  

14/2/82 54 643 1 2 . 4  18 . 5  6 . 92 - 7 . 44 0 . 93 -0 . 57 2 . 4  5 . 1  

1 7/2/82 6 5  2 9 1  1 2 . 0  18 . 0  7 . 42  - 9 . 87 0 . 7 5 - 2 . 78 2 . 5  3 . 1  

18/ 2/82 65 036 1 1 . 9  1 9 . 0  5 . 23 -7 . 46 0 .  70 -2 . 56 1 . 7  2 . 1  

20/3/82 1 7  341  1 8 . 2  1 5 . 0  6 . 7 5 -6 . 55 1 . 03 0 . 2 1 1 . 3 2 . 8  

2 1 /3/82 1 8  482 16 . 0  1 5 . 5  7 .  78  -7 . 43 1 . 05 0 . 40 1 . 3  . 3 . 4  

N 01 '-J 



22/3/82 1 9  467 1 5 . 1  1 7 . 0  

27/3/82 23 447 1 9 . 2  16 . 5  

28/ 3 /82  27  360  1 5 . 3  1 7 . 0  

29/3/82 3 0  2 14  14 . 8  16 . 0  

30/3/82 3 3  1 13 1 4 . 4  16 . 0  

6/4/82 2 7  3 3 1  24 . 1  1 5 . 0  

7 /4/82 2 9  402 2 9 . 6  1 5 . 0  

16/4/82 7 3 1 5  3 1 . 0  1 3 . 0  

1 7/4/82 8 352  3 3 . 8  1 3 . 0  

18/ 4/82 9 3 1 1  28 . 5  1 3 . 5  

1 9/4/82 1 0  261 2 2 . 6  1 3 . 5  

2 0/4/82 1 1  331  2 0 . 7  1 3 . 0  

2 1 /4/82 1 2  334 18 . 9  1 2 . 0  

22/4/82 13 230 1 7 . 5  1 2 . 5  

23/4/82 1 5  303 1 9 . 0  1 3 . 0  

27/4/82 1 7  279  2 1 . 1  1 1 . 5  

28/4/82 18 302 2 0 . 7  1 2 . 0  

20/4/82 1 9  2 1 3  2 1 . 3  1 2 . 0  

b . d . bel ow detect i on 

Nd no data/not determi ned 

8 . 1 7 -7 . 56 1 . 08 

8 . 36 -8 . 24 1 . 01  

8 . 88 -8 . 92 1 . 00 

9 . 34 - 9 . 3 7 1 . 00 

7 . 83 -7 . 88 0 . 99 

2 . 00 -6 . 30 0 . 32  

2 . 81  - 5 . 74 0 . 49 

2 . 08 -3 . 96 0 . 53 

1 . 46 -3 . 47 0 . 42 

0 .  7 9  - 2 . 69 0 . 29 

2 . 20 -2 . 48 0 . 89 

2 . 2 5 -3 . 29 0 . 68 

1 .  70  -2 . 43 0 .  70  

1 .  2 1  - 1 . 94 0 . 6 2 

0 . 7 2 - 2 . 1 2 0 . 34 

1 .  98 -3 . 7 9 0 . 52 

3 . 22 -3 . 95 0 . 82 

1 .  7 9  -3 . 1 0 0 . 58 

0 . 73 1 . 2  

0 . 1 1  1 . 5  

-0 . 04 1 . 5  

- 0 . 04 1 . 8  

- 0 . 06 1 . 7  

- 5 . 28 1 . 5  

- 2 . 42 2 . 3  

- 1 . 32 1 . 5  

- 1 . 30 1 . 7  

- 1 . 43 1 . 6 

-0 . 24 0 . 6  

-0 . 96 0 . 9  

-0 . 74  1 . 0  

-0 . 67 0 . 8  

- 1 . 18 0 . 9  

- 1 . 5 1 1 . 4 

-0 . 6 2 1 . 0  

- 1 . 08 1 . 1  

3 . 5  

3 . 9  

3 . 9  

4 . 5  

3 . 6  

1 . 8 

2 . 0  

0 . 8  

1 . 0  

0 . 7  

0 . 8  

1 . 1  

1 . 0  

1 . 7 

1 . 2  

1 . 1  

1 . 4 

1 . 6  

N Q) (X) 



Key : 

BM = Average CZadophoPa s i te b i oma s s  

L i ght  = Dai l y  terre s tr i a l  l i ght  

Fl ow = Average dai l y  r i ver f l ow 

Av . temp . = Average da i l y  r i ver temperatu re 

GP  = Gro s s  Photosynthe s i s 

TR = Tota l Re sp i rat i on 

P/R = The rati o GP/TR 

NAP = Net Area l  Pri mary Producti v i ty 

DOOm = Da i l y  Max i mum D i sso l ved Oxygen Defi c i t  

�DO = Dai l y  Di ssol ved Oxygen Fl uctuati on 

N ()) 1.0 
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APPENDI X 8 CZadophora bi oma ss  den s i ty ,  envi ronmental  parame ters a nd pr i mary producti v i ty data , 1 982/83 

Date B
M L i g h t  L i ght Fl ow T�mp . Temp . GP TR NAP DOD 

_2 Terr . U/W 3 _ 1M 1 n .  Max . _3 _ 1  _3 _ 1  P/ R _ 2  _ 1  m 6DO 
g m  ( Lang s . d - 1 ) ( E  m-2 d -1 ) m s ( oC )  ( oC )  ( g  o2 m d ) ( g  02 m d ) ( g  02 m d ) ( g  m-3 ) ( g  m-3 ) 

7 / 1 2/82 2 .  9 

8/ 1 2/82 3 . 1  

9/ 1 2/82 3 . 3  

10/ 1 2/82 3 . 6  

4/ 1/83 bd 

5/1/83 bd 

6/ 1/83 bd 

7/1 /83 bd 

8/1 /83 bd 

9/ 1/83 bd 

10/1 /83 bd 

1 1 / 1/83 bd 

12/1/8 3  bd 

13/1/83  0 . 8  

14/1 /83 1 . 1  

15/ 1 /8 3  1 . 4 

16/ 1 /8 3  1 . 8 

1 7/1/83 2 . 2  

18/ 1 /8 3  2 . 6  

19/ 1 /83 2 . 9  

6 1 0  

7 3 1  

599 

208 

439 

6 1 3  

249 

3 7 1  

473 

502 

1 7 2  

3 96 

430 

234 

661  

4 54 

482 

570  

6 57 

588 

2 5 . 2  

Nd 

2 9 . 9  

1 1 . 7  

Nd 

Nd 

Nd 

Nd 

Nd 

Nd 

Nd 

Nd 

Nd 

Nd 

1 9 . 3  

14 . 1  

1 2 . 3  

14 . 1  

Nd 

Nd 

44 . 0  1 7 . 0  1 9 . 5  

37 . 0  1 7 . 0  2 0 . 0  

3 2 . 6  18 . 0  20 . 5  

29 . 1  18 . 5  2 0 . 0  

5 1 . 0  18 . 0  2 0 . 5  

42 . 3  18 . 0  2 0 . 0  

52 . 0  16 . 0  1 7 . 0  

42 . 7  1 5 . 0  1 6 . 5  

47 . 0  1 5 . 0  16 . 5  

42 . 1  14 . 5  1 7 . 0  

3 9 . 3  16 . 0  1 7 . 0  

34 . 8  17 . 0  2 1 . 0  

32 . 0  1 7 . 0  2 0 . 5  

29 . 8  1 7 . 0  2 0 . 0  

64 . 5  16 . 5  18 . 5  

50 . 4  1 7 . 0  18 . 5  

34 . 5  1 5 . 5  1 7 . 5  

47 . 8  16 . 5  18 . 0  

38 . 5  1 7 . 5  1 9 . 0  

35 . 5  1 7 . 0  1 9 . 0  

3 .  7 7  

3 . 97 

3 . 62 

5 . 1 3 

2 . 07 

2 . 23 

3 . 30 

3 . 5 9 

4 . 59 

4 . 90 

4 . 82 

6 . 67 

8 . 57 

5 . 1 1  

3 . 06 

4 . 30 

7 . 5 1 

7 . 52 

5 . 39 

7 . 43 

-4 . 6 5 

-5 . 1 5 

-9 . 6 5 

- 1 1 . 52 

-5 . 62 

-3 . 82 

-3 . 69 

-3 . 66 

-3 . 5 5 

-6 . 59 

-9 . 93 

-9 . 60 

- 5 . 7 2 

-4 . 64 

-4 . 23 

- 9 . 1 2 

-9 . 09 

-8 . 67 

-6 . 93 

- 9 . 14  

0 . 8 1 

0 .  7 7  

0 . 37 

0 . 44 

0 . 37 

0 . 58 

0 . 89 

0 . 98 

1 . 2 9  

0 . 74 

0 . 49 

0 . 6 9 

1 .  50 

1 . 10 

0 .  7 2  

0 . 47 

0 . 83 

0 . 87 

0 .  78  

0 . 81 

-0 . 99 

- 1 . 49 

-8 . 1 7 

-9 . 70 

-3 . 91 

-2 . 08 

-0 . 42 

-0 . 1 0 

1 .  2 2  

-2 . 2 2 

-6 . 46 

-3 . 7 3 

3 . 93 

0 .  7 0  

- 1 . 17 

- 5 . 37 

-2 . 1 0 

- 1 . 35 

- 1 . 95 

-2 . 22 

0 . 9  

1 . 3  

2 . 3  

2 . 2  

Nd 

Nd 

Nd 

Nd 

Nd 

Nd 

Nd 

Nd 

Nd 

0 . 9  

1 . 4 

2 . 8  

2 . 0  

2 . 7  

2 . 7  

2 . 1  

1 . 2  

1 . 3  

0 . 9  

2 . 1  

0 . 6  

1 . 3  

1 . 5  

1 . 6  

1 . 9  

1 . 5  

1 . 8  

2 . 3  

4 . 1 

2 . 7  

1 . 7  

2 . 4  

4 . 7  

4 . 0  

4 . 3  

4 . 2  N "'-..1 o 



28/ 1/83 1 9  

29/ 1/83 26 

30/ 1/82 32 

3 1 / 1 /83 38 

1/2/83 40 

2/2/83 40 

3/2/83 4 1  

4/2/83 42 

5/ 2/83 43 

6/2/83 44 

7 / 2/83 45 

18/ 2/83 7 . 5  

1 9/2/83 8 . 3  

20/ 2/83 9 . 0  

2 1 / 2/83 9 . 5  

22/2/83 1 0  

23/2/83 10  

24/2/83 11  

25/ 2/83 1 2  

26/ 2/83 16 

27/ 2/83 2 1  

28/ 2/83 26 

1/3/83 32  

2/3/83 38  

1 1/ 3/83 68 

330  

323  

361  

6 13  

6 50 

665  

273  

1 84 

6 1 0  

566 

364 

559  

5 1 1  

560 

236 

585 

306 

365  

507  

4 1 0  

567  

1 9 5  

1 93 

469 

340 

18 . 2  

1 5 . 2  

9 . 4  

28 . 7  

22 . 3  

25 . 8  

12 . 3  

14 . 6  

17 . 0  

7 . 0  

Nd 
1 5 . 8  

1 7 . 0  

19 . 3  

10 . 0  

22 . 8  

2 1 . 7  

1 7 . 0  

1 7 . 6  

14 . 1  

1 9 . 3  

14 . 1  

8 . 2  

Nd 
7 . 6 

39 . 8  16 . 5  1 8 . 5  

48 . 7  1 7 . 5  2 0 . 0  

44 . 3  16 . 5  18 . 0  

3 1 . 0  16 . 5  2 0 . 0  

29 . 1  1 7 . 0  2 0 . 0  

2 5 . 5  18 . 5  2 1 . 5  

23 . 6  18 . 5  2 1 . 0  

2 2 . 5  1 7 . 5  2 0 . 5  

23 . 1  16 . 0  1 9 . 0  

22 . 5  1 5 . 5  18 . 0  

24 . 5  1 5 . 0  1 7 . 0  

26 . 0  20 . 5  2 2 . 0  

23 . 5  20 . 0  2 2 . 0  

18 . 7  20 . 0  2 2 . 0  

2 0 . 0  1 7 . 5  2 0 . 5  

1 9 . 4  1 9 . 0  2 0 . 5  

1 9 . 4  1 9 . 0  2 1 . 5  

1 8 . 3  1 9 . 0  2 0 . 5  

1 8 . 3  1 9 . 0  2 1 . 5  

1 5 . 1  1 8 . 5  2 1 . 0  

1 1 . 0  1 9 . 0  2 1 . 0  

16 . 5  1 8 . 0  2 0 . 0  

1 5 . 6  18 . 0  1 8 . 0  

16 . 3  18 . 5  2 1 . 5  

48 . 5  1 5 . 5  1 9 . 0  

1 2 . 63 

1 0 . 3 2 

1 0 . 56 

1 2 . 76 

10 . 94 

1 3 . 68 

13 . 3 7 

8 . 76 

8 . 93 

1 0 . 83 

7 . 3 3 

5 . 92 

7 . 4 9 

6 . 05 

5 . 28 

6 . 84 

6 .  7 1  

6 . 99 

7 . 38 

7 . 83 

1 2 . 7 7 

8 . 80 

7 . 92 

1 1 . 09 

7 . 63  

- 1 3 . 88 

- 1 5 . 4 1 

- 1 7 . 24 

- 1 5 . 47 

- 1 4 . 39 

- 1 5 . 28 

- 1 7 . 95  

- 1 6 . 22 

- 1 6 . 69 

- 1 3 . 30 

- 1 1 . 99 
- 8 .  97 
- 8 . 87 
- 7 . 32 
- 7 . 57 
- 8 . 39 
- 8 . 94 
- 9 . 22 
- 8 . 63 
- 9 .  37 

- 1 0 . 10  
- 7 .  92  
- 6 .  90  
- 4 . 86 
- 8 . 65 

0 . 9 1 

0 . 67 

0 . 6 1 

0 . 83 

- 1 . 54 

- 5 . 88 

-8 . 47 

-3 . 85 

0 . 76 - 5 . 16 

0 . 89 -2 . 4 5 

0 . 74 - 7 . 44 

0 . 54 - 1 1 . 64 

0 . 54 - 1 2 . 86 

0 . 8 1 -3 . 86 

0 . 6 1  - 7 . 2 9 

0 . 66 

0 . 85 

0 . 83 

0 . 70 

0 . 82 

0 . 7 5 

0 . 76 

0 . 85 

0 . 84 

1 .  26 

1 . 1 1 

1 . 1 5 

2 . 28 

0 . 88 

-4 . 7 2 

- 2 . 2 0 

-2 . 30 

- 3 . 87 

- 2 . 66 

-3 . 82 

-3 . 83 

- 2 . 16 

-3 . 09 

7 . 07 

1 . 62 

1 .  98 

1 1 . 56 

- 1 . 23 

2 . 5  

3 . 3  

3 . 0  

2 . 5  

2 . 7  

2 . 7  

2 . 8 

2 . 9  

3 . 2  

2 . 5  

2 . 3  

1 . 4  

1 . 2  

1 . 3 

1 . 2  

1 . 4  

1 . 5  

1 . 4 

1 . 5  

1 . 5  

1 . 2 

1 . 1  

0 . 8  

0 . 6  

1 . 6 

4 . 0  

3 . 2  

3 . 5  

4 . 1  

3 . 3  

4 . 1 

4 . 1  

2 . 8  

3 . 3  

4 . 2  

3 . 2  

1 . 6  

1 . 9  

1 . 8  

1 . 8  

1 . 9  

1 . 9  

2 . 2  

2 . 3  

2 . 4  

2 . 8  

2 . 7  

2 . 5  

3 . 5  

2 . 3  

N '-J ..... 



1 2/3/83 66 399 

13/3/83 64 281 

14/3/83 62 236 

15/3/83 61  33 1 

2 1/3/83 24 298 

22/3/83 25 436 

23/3/83 26 1 24  

bd = bel ow detecti on l i m i ts 

Nd = no data/not determi ned 

KEY : 

Abbrev i at i ons  as  i n  append i x  

14 . 1  40 . 5  

14 . 1  2 9 . 5  

1 2 . 9  23 . 7  
18 . 2  33 . 9  

1 7 . 6  2 2 . 0  

1 9 . 9  1 9 . 6  

8 . 2  18 . 0  

L i ght U/W = l i ght ( PAR ) a t  30cm depth . 

Temp . mi n .  = The mi n i mum dai l y  temperatu re 

Temp . max . = The max imum dai l y  temperature 

17 . 0  1 9 . 0  

18 . 0  20 . 0 

18 . 5  20 . 5 

17 . 0  20 . 0  
16 . 5  18 . 5  

18 . 0  1 9 . 0  

18 . 5  1 9 . 0  

1 0 . 16  7 . 3 1 1 . 39 

1 0 . 1 7 7 . 33 1 .  39  

1 2 . 1 7 8 . 60 1 . 4 1 

8 .  77 5 . 53 1 .  59  

6 . 07 1 1 . 32 0 . 54 

9 . 1 4 12 . 6 9 0 . 72 

7 . 70 1 1 . 80 0 . 6 5 

3 . 44 1 . 0 

3 .  77 1 . 4 
5 . 76 1 . 3  
3 .  7 1  1 . 0 

-9 . 1 3 1 . 6 

-6 . 02 2 . 0  

-6 . 6 9  1 . 6 

4 . 1 

3 . 9  

3 . 8 
4 . 3  
2 . 0  

2 . 6  

2 . 6 

N ....... N 
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