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Figure 8:  Summary of mean total organic matter (TOM) contents (in percent) for the “A” sites on 
Chatham Rise (left-hand side of figure, TAN0705) and Challenger Plateau (right-hand side of figure, 
TAN0707). Error bars are 1 standard deviation, n = 1–4.  

3.1.4 Sediment pigments 

Surficial sediments on the western crest and northwestern and southwestern-central flanks of the 

Chatham Rise (strata 1–3, 5, and 7) showed elevated levels of chlorophyll a (>0.05 µg per gram dry 

weight sediment), except for the top of Mernoo Bank (Figures 6 and 9). Maximum values were 

typically 0.08–0.10 µg per gram dry weight sediment, with highest values of about 1.4 observed at 

B24 (upper flank, southwest Chatham Rise, transect T8c, stratum 7) and an anomalous, isolated 

measurement at C23 (upper slope, east of the Chatham Islands, transect T7, stratum 2). There was an 

apparent decrease in chlorophyll content with depth on most transects, although data coverage is 

sparse, and in some instances upper slope values were lower than those at deeper mid-slope depths 

(e.g., northern end of T5 - compare B66 – 0.07 µg g-1 to B32 – 0.03 µg g-1; Low Impact Fishing 

transect - D13–D18).  

 

In comparison, chlorophyll a concentrations on the Challenger Plateau were, not surprisingly, given 

the oligotrophic status of the overlying waters, substantially lower than on the Chatham Rise, with 

values generally below 0.01 µg per gram dry weight sediment. Highest values were found on the inner 

ends of transect lines, T9 and T10, with values of 0.05–0.06 at A6 (on T9) and about 0.02 at B114 and 

C110 (on T10) (Figures 7 and 9).  
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Figure 9:  Summary of mean sediment chlorophyll a contents (in µg per gram dry weight sediment) for 
the “A” sites on Chatham Rise (left-hand side of figure, TAN0705) and Challenger Plateau (right-hand 
side of figure, TAN0707). Error bars are 1 standard deviation, n = 1–4.  

Similar trends were observed for pigment degradation products (represented by total phaeopigments), 

with values of over 5 µg per gram dry weight sediment found on the western crest, northwestern, and 

southwestern-central flanks and on the central crest of the Chatham Rise (Figures 6 and 10). On the 

Challenger Plateau, phaeopigment concentrations ranged from 0.1 to about 3.0 µg per gram dry weight 

sediment, with higher values found on the inner ends of transect lines, T9 and T10 (Figures 7 and 10). 
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Figure 10:  Summary of mean sediment phaeopigment contents (in µg per gram dry weight sediment) for 
the “A” sites on Chatham Rise (left-hand side of figure, TAN0705) and Challenger Plateau (right-hand 
side of figure, TAN0707). Error bars are 1 standard deviation, n = 1–4.  

3.1.5 Sediment Community Oxygen Consumption (SCOC) 

SCOC values are presented here as mean values (± 1 standard deviation, in µmol O2 m
-2 h-1). Highest 

values on the Chatham Rise were found on the northwestern and crestal parts of the rise, with the 

highest average measurements at the shallower sites at about 500 m water depth in strata 6 (A6 – 

274±18 µmol O2 m
-2 h-1), 2 (A10 – 262±16) and 1 (A1 – 273±73) (Figure 11). The lowest value was 

found at the shallowest site (A2 – 80±46), but the integrity of these samples may have been 

compromised by the rough weather encountered during the core incubation period. With the exception 

of A5, deeper sites tended to have lower SCOC values (i.e., A3, A8 and A41 – 108±12, 141±48 and 

194±28, respectively) (Figures 11 and 20). 

 

 



 

23 

A01 A02 A03 A05 A06 A07 A08 A10 A16 A41 A02 A03 A06 A08 A09

0

100

200

300

400

500

600
S

C
O

C
  
M

ol
 O

2 p
er

 m
2  p

er
 h

ou
r

Chatham Rise                                                                                      Challenger Plateau
 

Figure 11:  Summary of mean sediment community oxygen consumption (SCOC) (in µmol O2 m
-2 h-1) for 

the ‘A’ sites on Chatham Rise (left-hand side of figure, TAN0705) and Challenger Plateau (right-hand side 
of figure, TAN0707). Error bars are 1 standard deviation, n = 3–4.  

 

Mean SCOC measurements on the Challenger Plateau were typically lower than those on the Chatham 

Rise, ranging from 60 µmol O2 m
-2 h-1 at A3 (northwestern T10) to about 180 µmol O2 m

-2 h-1 at A2 

(crest) and A8 (southeastern T11) (Figure 11). The highest SCOC value from either the rise or the 

plateau study areas, however, was on the Taranaki slope at A6 where the SCOC was estimated to be 

470±80 µmol O2 m
-2 h-1 (Figure 11). 

 

3.2 Bacterial biomass estimation 

The bacterial numbers, estimated across all the sites, ranged from 2.12 x 108 cells per gram dry weight 

sediment at site TAN0705 A16 to 4.32 x 109 cells per gram dry weight sediment at site TAN0707 A03 

(Figures 12–14, Table 2). There was no difference between the two sampling areas in terms of 

bacterial numbers. Interestingly, the highest cell numbers from both surveys were recorded on the 

Challenger Plateau at sites A03 and A06. Site A03 (1217 m water depth) is the most northwestern site 

in the sampling area and site A06 (266 m) is the furthest east site on the Taranaki continental slope 

(See Figure 1). The highest cell numbers on the Chatham Rise were obtained from sites A02 (644 m) 

and A10 (478 m); 1.10 x109 and 1.32 x 109 cells per gram dry weight sediment, respectively (Figures 

12 and 14, Table 2). The highest cell numbers were obtained from site A10 located in the 

southwestern corner of the sampling area (See Figure 1). A previous study had estimated the bacterial 

numbers on the southern slope of the Chatham Rise on a transect between 41° S and 47° S along 178º 

30’ E, to be 2.9 x 109 cells per gram dry weight sediment at the northern end of the transect, 

decreasing to 1.2 x 109 cells per gram dry weight sediment at the southern end (Nodder et al. 2007).  
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Figure 12: Average bacterial numbers (cells per gram dry weight) at each site across the Chatham Rise 
(TAN0705) and the Challenger Plateau (TAN0707) (error bars are equal to 1 standard error). 
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Figure 13: Abundance, biomass, and volume of bacteria: Challenger Plateau. Cells per gram of sediment 
(top); μg carbon per g of sediment (calculated using cell numbers) (middle); and volume of bacterial cells 
per μm3 of sediment (bottom). Symbol scale same as for Figure 3. 
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Figure 14:  Abundance, biomass, and volume of bacteria: Chatham Rise. Cells per gram of sediment 
(top); μg carbon per g of sediment (calculated using cell numbers) (middle); and volume of bacterial cells 
per μm3 of sediment (bottom). Symbol scale same as for Figure 3. 
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Table 2: Averages for bacterial cell numbers, µg carbon (C) calculated using cell numbers, average cell 
size (biovolume) and µg carbon calculated using biovolume for each site across the Chatham Rise 
(TAN0705) and the Challenger Plateau (TAN0707) 

Voyage Site Average number of cells 
per gram dry weight 

sediment (SE) 

µg C per gram 
dry weight 

sediment (SE)* 

Average biovolume of 
bacterial cell µm3 (SE) 

µg C per gram dry 
weight sediment 

(SE)** 

TAN0705 A01 2.30 X 108 (±1.27 X 107) 4.56 (±0.25) 0.39 (±0.022) 11.66 (±0.65) 

 A02 1.10 X 109 (±1.83 X 108) 21.76 (±3.62) 0.52 (±0.015) 74.88 (±2.21) 

 A03 5.91X 108 (±9.66 X 106) 11.70 (±0.19) 0.48 (±0.012) 36.58 (±0.94) 

 A05 4.24X 108 (±2.65 X 107) 8.40 (±0.52) 0.43 (±0.019) 23.45 (±1.02) 

 A06 5.28 X 108 (±9.23 X 106) 10.45 (±0.18) 0.73 (±0.018) 50.00 (±1.26) 

 A07 2.43 X 108 (±3.19 X 107)  4.82 (±0.63) 0.49 (±0.032) 15.43 (±1.01) 

 A08 1.05 X 109 (±1.44 X 107) 20.75 (±0.29) 1.15 (±0.021) 156.74 (±2.88) 

 A10 1.32 X 109 (±2.31 X 107)  26.11 (±0.46) 0.75 (±0.021) 128.62 (±3.54) 

 A16 2.12 X 108 (±2.11 X 107) 4.19 (±0.42) 0.44 (±0.025) 12.14 (±0.70) 

 A41 2.06 X 108 (±1.75 X 107) 4.07 (±0.35) 0.47 (±0.023) 12.50 (±0.63) 

 D13 6.30 X 108 (±4.08 X 107) 12.48 (±0.81) 0.48 (±0.018) 39.18 (±1.46) 

TAN0707 A02 7.79 X 108 (±2.18 X 107) 15.42 (±0.43) 1.42 (±0.029) 143.42 (±2.93) 

 A03 4.32 X 109 (±8.58 X 107) 85.57 (±1.70) 1.44 (±0.021) 808.9 (±12.05) 

 A06 1.86 X 109 (±2.30 X 107) 36.86 (±0.46) 1.06 (±0.020) 256.32 (±4.94) 

 A08 3.28 X 108 (±3.31 X 107) 6.49 (±0.65) 0.42 (±0.023) 17.99 (±0.97) 

 A09 6.69 X 108 (±3.62 X 107) 13.24 (±0.72) 0.76 (±0.023) 66.07 (±2.03) 

*calculated using cell numbers and 19.8 fg C per cell  

**calculated using biovolmes and 1.3 x 10-13 g C per µm3 

 

The bacterial biomass was estimated at the sites using two conversion factors. The first conversion 

factor uses only the cell numbers to estimate the amount of carbon, and does not take account of the 

bacterial cell sizes at each site. Using the first method, the amount of bacterial carbon at the sites 

ranged between 4.07 and 26.11 µg carbon (C) per dry weight sediment on the Chatham Rise and 6.49 

and 85.57 µg C per dry weight sediment on the Challenger Plateau (Table 2, Figures 13 and 14). There 

was no difference between the two sampling areas, and the maximum amount of carbon estimated was 

on the Challenger Plateau at site TAN0707 A03 (Table 2). The biovolume of the bacterial cells at each 

site was calculated to give an estimate of the size of the bacteria at each site. The biovolume of the 

bacteria ranged between 0.39 and 1.44 µm3 across all sites (Table 2). The biovolume estimates were 

converted to µg C per gram dry weight sediment (Table 2). The amount of carbon at the sites using 
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this conversion factor ranged between 11.66 and 808.90 µg C per gram dry weight sediment, which is 

2.5 to 9.5 times more than the value estimate using just cell numbers (Table 2). Using the biovolume is 

potentially a more accurate method for estimating the amount of carbon at each site as it takes into 

account the cell size. Previous studies (Nodder et al. 2003, 2007) have not taken the biovolume into 

account when estimating carbon, so the estimates obtained in this study can not be compared with 

them.  

3.3 Exo-enzyme activity 

Exo-enzyme activities measured at each site are indicative of the processes taking place in the 

sediments. Five different enzymes were measured: proteases (breakdown of protein), lipases 

(breakdown of lipids), chitinases (breakdown of chitin), cellulases (breakdown of cellulose), and 

phosphatases (involved in inorganic phosphate recycling). Three cores from each site were analysed in 

triplicate and averages for the sites were calculated. At two sites on the Chatham Rise, TAN0705 A16 

and A41, the variation between the cores was substantial, resulting in large standard errors (Figures 15 

and 16). Chitinase and cellulose activity were highest at Chatham Rise sites TAN0705 A01, A16 and 

A41 (Figures 15, 16, and 20). Phosphatase activity (less than 1.9 µM per minute per microgram C) 

was also high at these sites and at Chatham Rise TAN0705 A08. Very little or no chitinase, cellulose, 

or phosphatase activity was detected in the Challenger Plateau samples (Figures 15, 16, 17, and 19). 

Protease activity was detected at five sites on the Chatham Rise (A01, A05, A07, A16, and A41) and 

two sites (A08 and A09) on the Challenger Plateau (Figures 15, 16, 17, and 18). Lipase activity was 

low at all sites, with only one site on the Challenger Plateau, TAN0707 A09, and one site on the 

Chatham Rise, TAN0705 A01, showing any activity. The enzyme data indicates that, although high 

cell numbers and therefore carbon were detected on the Challenger Plateau, it does not appear that 

these bacteria are active as very little exo-enzyme activity was detected compared to the sites on the 

Chatham Rise, which had relatively few bacteria, but relatively high activity.  
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Figure 15: Average exo-enzyme activity at each station across the Chatham Rise (TAN0705) and the 
Challenger Plateau (TAN0707), chitinase ( ) and phosphatase (  ) in µM per minute per microgram 
carbon (error bars are equal to one standard error). 
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Figure 16: Average exo-enzyme activity at each station across the Chatham Rise (TAN0705) and the 
Challenger Plateau (TAN0707), protease (  ), cellulase (  ) and lipase (  ) in µM per minute per 
microgram carbon (error bars are equal to one standard error). 
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Figure 17: Relative bacterial enzyme activity in µM per minute per microgram carbon: Challenger 
Plateau. PHOS, phosphatase (top); PROT, protease (middle); LIP, lipase (bottom). Symbol scale same as 
for Figure 3. 



 

31 

 

Figure 18: Relative bacterial enzyme activity in µM per minute per microgram carbon: Chatham Rise. 
PHOS, phosphatase (top); PROT, protease (middle); LIP, lipase (bottom). Symbol scale same as for 
Figure 3. 
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Figure 19:  Relative bacterial enzyme activity in µM per minute per microgram carbon and sediment 
respiration in µmol O2 m-2 h-1: Challenger Plateau. CHI, chitinase (top); GLUC, cellulose (middle); 
SCOC, total sediment respiration (bottom). Symbol scale same as for Figure 3. 
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Figure 20: Relative bacterial enzyme activity in µM per minute per microgram carbon and sediment 
respiration in µmol O2 m-2 h-1: Chatham Rise. CHI, chitinase (top); GLUC, cellulase (middle); SCOC, 
total sediment respiration (bottom). Symbol scale same as for Figure 3. 
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