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Abstract

Metazoan meiofauna was sampled along a temperate latitude transect (41-47°S 178°30’E) across the Chatham Rise, south-west
Pacific, from water depths of 350—2600 m on three occasions (austral autumn 1997, spring 1997, summer 2000). Samples were
collected using a multicorer and extracted on a 63-um mesh. Meiofaunal density and biomass were negatively correlated with water
depth, median grain-size and sediment calcium carbonate content, and positively correlated with sediment chlorophyll a. There were
no significant relationships between meiofaunal abundance and biomass and measures of sediment organic matter and bacterial
productivity and biomass, except in summer when bacterial and meiofaunal biomass were positively correlated. Vertical penetration
of meiofauna into the sediment was related to sediment organic matter and sediment chloroplastic pigments. Variation in meiofaunal
abundance at different spatial scales was examined at two sites: at 450 and 2300 m on the northern slope of the rise. At both sites,
variation between subcores of a multicore (<10-cm scale) was lower than that of multicores within a deployment (<1-m scale).
However, whilst the highest variance component at the shallow site was for multicores within a deployment, it was between multicore
deployments (< 1-km scale) for the deep site. Meiofaunal density and biomass were generally higher on the southern slope of the rise
than on the northern slope, a trend probably attributable to high productivity of the overlying Subtropical Front and the flux of more
nutritious organic material to the sea floor.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Meiofauna comprises a major functional component
of the deep-sea benthos and there has in recent decades
been increasing interest in its distribution and relationship
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to environmental parameters, particularly food availabil-
ity (e.g., Thiel, 1975, 1983; Tietjen, 1992; Brown et al.,
2001; Galéron et al., 2001). On a global scale, results
indicate considerable regional differences in meiofaunal
abundance and biomass, although sampling is very
uneven (Soltwedel, 2000), and the number of deep-
water sites where both meiofaunal abundance and
biomass have been calculated is small (Tietjen, 1992).
In the Pacific Ocean, studies of meiofaunal distribution
along continental margins have been largely confined to
north-western temperate regions (Shirayama, 1984a;



S.L. Grove et al. / Journal of Experimental Marine Biology and Ecology 330 (2006) 342-355 343

Shirayama and Kojima, 1994), tropical southern Pacific
(Alongi and Pichon, 1988; Neira et al., 2001; Danovaro et
al., 2002), and central oceanic areas (Snider et al., 1984;
Renaud-Mornant and Gourbault, 1990).

In the temperate south-western Pacific, metazoan
meiofauna at bathyal depths has been sampled as part
of an interdisciplinary research programme by the
National Institute of Water and Atmospheric Research
(NIWA) to quantify biological productivity in waters
associated with the Subtropical Front (STF), a region
where surface subtropical water (STW) to the north
meets surface subantarctic water (SAW) to the south.
STW is relatively warm, saline, macronutrient-poor
and with marked seasonal phytoplankton blooms,
whereas SAW is cooler, less-saline, with high macro-
nutrient concentrations and iron-limitation, and low
annual cycles of surface chlorophyll abundance (Boyd
et al., 1999; Bradford-Grieve et al., 1999; Murphy et
al., 2001; Sutton, 2001). In particular, NIWA studies
have focused on a region east of New Zealand where
the STF overlies the Chatham Rise, a broad submarine
ridge that extends eastwards from South Island for
some 800 km and has an average width of 100 km (as
outlined by the 500 m isobath). The rise is generally
flat-topped, the crest being at 200— 400 m water depth,
but with the northern and southern flanks of the rise
descending to more than 2000 m. The STF appears to be
bathymetrically locked to the southern flank of the rise
near 44°S (Uddstrom and Oien, 1999). Heightened

primary productivity has been observed over the rise
with community biomass dominated by diatoms (Chang
and Gall, 1998) and elevated chlorophyll concentrations
often occurring in a STF zone on the south side of the rise
(Murphy et al., 2001). There is evidence for high
episodic organic fluxes on the northern flank of the rise
(nominally STW), compared with lower, more sustained
fluxes on the southern flank (in SAW) (Nodder and
Northcote, 2001).

This paper presents meiofaunal density and biomass
data from bathyal depths in the temperate south-west
Pacific, a region where there is a paucity of such
information (Soltwedel, 2000). A particular objective
was to examine meiofaunal distribution in relation to
physical and biogeochemical properties in the region of
the STF, as earlier studies had indicated a marked
macrobenthic response to enhanced productivity at the
STF (Probert and McKnight, 1993; Probert et al.,
1996).

2. Materials and methods
2.1. Sampling and laboratory methods

Samples were collected on three occasions: April—
May 1997 (austral autumn), October—November 1997
(spring) and January—February 2000 (summer). Sam-
pling stations were located along a transect at 178°30’E
across the Chatham Rise (Fig. 1), between water depths
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Fig. 1. Location of sampling sites.



Table 1
Multicore sample positions and sediment parameters
Sample NIWA Date Latitude Longitude Water  Surface (0—1 cm) sediment Bacteria Bacteria Bacterial
siie® - station ® ® i;};th Sand Silt Clay Median Sorting CaCO; TOM Chla  Phaco TOC TON C:N  Water ?;1' o ?; em gr°l‘j‘:‘l’1tllv‘ty
) ) ) Gh)  Gh) (0 () (gmg (gmg ) ) @) ) ] i—z) (e
cm ) Cm?2d"
Cruise 3036
2300N  S1052  30-Apr-97  42°29.73' 178°30.80" 2330 42 417 541 45 14 21.88 - 0.027 5.266 1.01 0.08 14.62 7270 0.333 66.50  0.374
2300N  S1073g 8-May-97  42°29.21' 178°30.39" 2327 40 421 537 - - 2195 678  0.077 6.350 1.00  0.09 1346 70.66 - - -
1000N  S1053 1-May-97  42°48.54' 178°30.49" 1004 456 40.1 140 3.5 1.5 40.70 533 0.080 5.298 0.60 0.04 16.12 50.08 - - -
450N S1054a  1-May-97  42°58.54' 178°29.64' 442 628 295 68 28 1.3 2355 416 0.055 5.154 0.66 005 1631 4816 0.258 51.60  0.194
450N S1072¢  7-May-97  42°58.61' 178°29.95’ 446 - - - - - - - 0.040 2.616 037 003 1253 3623 1.527 30533 0.158
450N S1072g  8-May-97  42°58.54' 178°29.59’ 439 - - - - - - - 0.044 3.753 046 0.04 1245 40.06 2.020 404.00 -
350C S1066b  3-May-97  43°26.00" 178°29.90' 350 678 261 59 25 1.0 2690 434  0.078 5.099 0.64 005 1692 43.08 0.509 101.87  0.290
4508 S1060b  3-May-97  43°49.35' 178°29.66’ 453 643 281 73 23 1.5 1633 3.18  0.065 4.441 0.54 0.04 1645 41.11 - - 0.336
1000S  S1065¢ 5-May-97  44°08.41’ 178°30.49’ 981 750 17.8 7.0 2.0 1.3 18.93  3.83  0.040 2.880 044 003 1513 4048 0312 6233  0.216
2300S  S1064f 4-May-97  44°57.18’ 178°30.62" 2283 387 282 33.1 38 22 68.68 349  0.006 1.230 026 001 2221 51.77 0376 75.13  0.089
Cruise 3040
2300 N Ul214b  29-Oct-97  42°20.88’ 178°32.03" 2294 22 - - - - 20.10 843  0.025 5.798 1.19 0.08 1826 69.48 0.999 199.87 -
1000N  U1226b 30-Oct-97  42°47.87 178°30.24" 1046 40.8 41.6 194 - - 4283 487 0.036 3.979 0.65 0.04 1929 5097 1.079 215.70 -
450 N UI239b 2-Nov-97  42°58.85’ 178°30.00" 464 614 - - - - 2640 350  0.047 4.563 0.53 0.04 1626 4338 3.420 684.00 -
350 C  Ul1248d 3-Nov-97  43°26.37' 178°30.15’ 347 559 - - - - 3330  4.00 0.102 5.553 0.68 0.05 14.68 44.66 - - -
450 S Ul204c  26-Oct-97  43°49.18’ 178°29.82/ 453 62.1 267 9.0 — - 11.20 544  0.063 5.047 122 0.00 0.00 36.67 1.543 308.67 -
750 S U1202b  25-Oct-97  44° 00.07"  178° 29.94' 752 51.8 342 134 35 1.3 2620 450  0.047 4322 0.53 0.03 19.02 41.69 0.690 138.07 -
1000 S U1249b 4-Nov-97  44°08.24"  178°30.39’ 974 - - - - - - - - - - - - - - - -
1200 S U1250  4-Nov-97  44°08.39" 178°30.64" 1206 21.5 50.0 274 - - 38.80  2.37  0.040 3.590 049 003 2286 4741 - - -
2600 S UIL165) 20-Oct-97 46°44.91"  178°29.89" 2678 57.6 - - - - 86.43  2.18  0.003 0.557 031 0.01 23.06 49.78 2.365 473.00 -
Cruise 3065
2300 N U1628i 5-Feb-00  42°21.005" 178°29.868" 2297 - - - - - 1990 931  0.088 6.528 096 0.08 13.70 64.77 1.205 241.00 0.284
1000 N U1626b 4-Feb-00  42°47.488" 178°29.028" 1000 - - - - - 40.41 5.63  0.064 4.687 0.51 005 11.84 52.28 - - 0.682
450 N U1631f 6-Feb-00  42°57.253" 178°29.944" 494 - - - - - 3226  5.04 0.062 3.087 047 004 1562 4457 1.120 224.00 0.424
350 C  Ul602a 25-Jan-00  43°25.729" 178°29.864" 350 - - - - - 31.48 543 0.097 5.772 0.69 0.06 13.53 4495 - - 0.422
450 S Ul6l7c 2-Feb-00  43°48.602" 178°30.419' 450 - - - - - 1238 542  0.113 6.050 0.61 006 1147 40.72 3515 703.00  0.670
750 S U1603b 25-Jan-00 44° 00.072' 178°29.812" 750 - - - - - 25772 493  0.050 2.556 041 003 1577 39.17 - - 0.408
1200 S Ul616b 1-Feb-00  44° 19.90"  178°29.66" 1204 - - - - - 39.80  3.71  0.058 3.655 0.17 001 19.44 4895 1.953 390.67  0.435
2600 S Ul612k 28-Jan-00  46° 40.69”  178°30.49" 2600 - - - - - - 2.00  0.003 0.199 0.17 0.01 19.82 4726 0.598 119.61  0.061

*N = north slope, S = south slope, C = crest.
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of 350 and 2600 m (Table 1). Samples were obtained
using an Ocean Instruments MC-800A multicorer which
has eight 10-cm diameter cores. For each multicore
deployment, up to three cores (depending on availability)
were processed for meiofauna. From each of these cores,
three subcores of internal diameter 26 mm (5.3 cm?) were
taken to a depth of 5 cm using 60-ml cut-off plastic
syringes. Each subcore was divided into three vertical
fractions: 0—1, 1-3 and 3—5 cm depth and preserved in
10% buffered formalin (0.4 pm filtered seawater) and
stained with rose bengal. The preserved faunal samples
were gently washed on a 425-um mesh to exclude ma-
crofauna (which was processed separately, see Nodder et
al., 2003) and extracted on a 63-um mesh.

Subcores were taken to a depth of 5 cm as earlier
sampling had indicated only a small proportion of
meiofauna occurring below this depth. For meiofaunal
cores taken to 10 cm depth in the central Chatham Rise
region in September 1989 at 244—1394 m water depth, a
mean of 5.35% (S.D. 5.20) of total meiofaunal
individuals were recovered from the 5—10 cm portion
(n=12) (unpublished data). This is comparable to
sediment depth distribution of meiofauna reported in
other deep-sea studies (e.g., Shirayama, 1984b; Alongi
and Pichon, 1988; Vanreusel et al., 1995a). A 63-um
mesh is coarser than is usually used for extracting deep-
sea meiofauna (Thiel, 1983; Tietjen, 1992; Soltwedel,
2000), but was adopted because of logistic constraints
on sample processing and because samples were taken
primarily to derive estimates of biomass rather than of
numerical abundance (see Nodder et al., 2003); using a
finer mesh is likely to affect biomass estimates
considerably less than estimates of abundance (e.g.,
Mclntyre, 1964; Thiel, 1983). Vanreusel et al. (1995b)
found that even at abyssal sites of contrasting food
supply where 32- and 64-pm meshes were used, the
latter would be expected to retain about 74—77% of
nematode biomass.

Meiofauna was extracted from the sediment by Ludox
flotation and mounted on microscope slides (Somerfield
and Warwick, 1996). Foraminiferans were not reliably
extracted as complete specimens and were excluded from
the study. The preservation method also destroyed ‘soft’
meiofauna (e.g., Turbellaria) which must be sorted live
(Coull et al., 1977; Thiel, 1983), so these organisms were
also discounted.

Meiofauna dimensions were measured by video image
analysis (NIH Image 1.60). Volumes were calculated by
applying the formula V=L x W?x C, where Vis the body
volume in nanolitres, L is the length, #is maximum width
(both in mm), and C is the appropriate conversion factor
for the taxon in question (Feller and Warwick, 1988).

Body volumes were converted to dry weight by assuming
a relative density of 1.13 and a dry:wet weight ratio of
0.25 (Feller and Warwick, 1988).

Abundance of major metazoan taxa was recorded for
all samples. For volume estimates, up to three subcores
from each multicorer deployment were used, with each
subcore being from a different multicore. A complete set
of subcores was not obtained on each cruise, though this
mainly affects results for the spring cruise (see Table 2
for number of subcores processed). Except for nema-
todes, all meiofauna on each slide were measured.
Where nematodes were very numerous, at least 50 ran-
domly selected individuals were measured, and total
volume estimated by multiplying by the ratio of number
counted to number measured.

Associated physical and biogeochemical properties
of the sediment were measured from samples taken from
other multicores from that deployment. These para-
meters, for the 0—1 cm sediment layer, were: sediment
grain-size, water content, and organic matter (TOM,
POC, TN, and molar C:N ratio), % CaCOs, chloro-
plastic pigments (chlorophyll @ plus phaeopigments) as
tracers for phytodetritus, bacterial counts and bacterial
productivity. These variables, apart from grain-size and
water content, may reflect meiofauna food availability,
and are here referred to as ‘potential food variables.’
Total organic matter (TOM) content was determined by
loss-on-ignition (500 °C for 4 h), while sediment
particulate organic carbon (POC) and total nitrogen
(TN) concentrations were measured using a CHN
analyser after acidifying samples with sulphurous acid
to remove the carbonate component. Chloroplastic
pigment contents were estimated using standard spec-
trophotometric techniques after freeze-drying (to deter-
mine water content). Calcium carbonate percentages
were determined using a gasometric technique. Bacterial
counts were made on microscope slides using epifluor-
escence microscopy, and bacterial productivity was
determined using thymidine-incorporation methods.
Details of these methods are given by Nodder et al.
(2003).

2.2. Statistical analysis

Statistical procedures were carried out using SPSS
10.0 (SPSS, 1999). Pearson correlation coefficients
were made between the factors listed in Table 1, and
the following meiofaunal indices for each sample:
(a) total meiofaunal density, (b) total meiofaunal
biomass, (c) nematode biomass, (d) nematode
+harpacticoid biomass, (e) proportions of density
and biomass of nematodes and harpacticoids to the
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Table 2
Meiofaunal density (individuals 10 cm™ %) and biomass (ng dry weight 10 cm™?) for 05 and 0—1 cm sediment depths
Sample  0-5 cm 0-1 cm
sie Meiofauna Meiofauna Nematode Harpacticoid Meiofauna Meiofauna Nematode Harpacticoid

density biomass biomass biomass density biomass biomass biomass

mean SD n  mean  SD n  mean  SD n  mean SD n  mean  SD n  mean  SD n  mean SD n  mean SD n
Cruise 3036
2300 N 3338 156.0 9 1093 260 3 619 104 3 7.6 83 3 1306 379 9 43.7 223 3 158 94 3 4.1 53 3
2300 N 601.5 1585 9 2653 2740 3 589 105 3 6.8 5.6 3 2940 141.0 9 1828 2641 3 141 34 3 3.8 52 3
1000 N 5835 1273 9 168.1 8.7 3 58.0 62 3 186 78 3 3037 1049 9 1241 91.1 3 209 10.1 3 110 21 3
450 N 1037.6 2133 8 2850 171.1 3 774 262 3 246 79 3 4119 1654 9 1578 559 3 170 36 3 157 57 3
450 N 631.4 69.0 9 164.0 677 3 755 315 3 19.0 95 3 2264 852 9 100.8 892 3 311 443 3 135 93 3
450 N 6389 2899 9 2458 2141 3 582 485 2 236 153 3 2719 1023 9 1536 1034 3 9.6 09 3 164 157 3
350C 12278 2659 9 391.3 1051 3 1741 343 3 309 155 3 4401 1962 9 1868 540 3 384 137 3 198 129 3
450 S 14541 207.7 9 4353 1368 3 1824 450 3  56.0 372 3 5581 12800 9 179.0 334 3 290 28 3 348 344 3
1000 S 866.6 3386 8 230.0 478 3 1028 432 3 194 11.7 3 5137 2499 8 1292 49.0 3 454 280 3 143 114 3
2300 S 5334  189.8 9 97.6 148 3 43.0 93 3 208 84 3 2869 954 9 68.1 44 3 307 47 3 139 87 3
Cruise 3040
2300 N 2235 1385 3 50.3 325 3 288 170 3 6.4 84 3 69.7 452 3 13.1 9.0 3 8.4 52 3 3.4 40 3
1000 N 404.0 1478 2 1634 1 42.6 I 513 1 1902 231 3 75.1 1 5.4 1 485 1
450 N 542.4 1 1018 1 552 1 7.7 12034 1332 2 37.3 1 155 1 72 1
350 C 1099.3 2772 3 2203 536 3 111.0 11.0 3 171 134 3 3729 2093 4 87.3 126 3 369 61 3 141 9.0 3
450 S 9022 2051 5 1624 231 3 1053 17.7 3 102 20 3 3833 1751 6 70.4 299 3 319 169 3 9.9 23 3
750 S 665.3 875 4 1637 148 3 748 139 3 13.0 6.0 3 2675 1044 5 69.6 247 3 158 70 3 126 62 3
1000 S 4944 1851 2 1041 1 60.8 1 108 1 2298 719 2 64.5 1 424 1 108 1
1200 S 3647 1231 8 75.1 413 3 322 150 3 4.1 22 3 1542 875 9 37.3 20.1 3 146 92 3 4.0 22 3
2600 S 93.3 509 9 10.4 73 3 4.1 08 3 52 75 3 45.0 274 9 6.9 83 3 1.5 1.0 3 43 74 3
Cruise 3065
2300 N 356.0 580 9 51.3 6.1 3 307 131 3 141 54 3 1272 515 9 18.0 177 3 102 11.0 3 4.5 54 3
1000 N 5789 1053 9 82.6 17.1 3 40.2 75 3 104 53 3 2704 80.0 9 415 78 3 141 62 3 9.6 46 3
450 N 1006.0 5783 9 1303 722 3 838 683 3 141 152 3 4686 4179 9 415 288 3 194 207 3 4.7 48 3
350 C 10223 3893 9 1974 93.1 3 692 233 3 241 21.8 3 501.0 22800 9 1362 545 3 272 117 3 237 21.7 3
450 S 1299.2 1537 9 3514 445 3 1451 398 3 467 207 3 5044 1163 9 169.7 110 3 435 174 3 429 174 3
750 S 11505 276.0 6 216.6 195 2 1055 27 2 365 68 2 6407 2069 6 1555 41,6 2 521 205 2 363 6.6 2
1200S 10102 1864 6 123.1 252 2 71.0 41 2 132 27 2 5613 1234 6 64.4 215 2 197 55 2 123 40 2
2600 S 161.8 2012 9 13.6 217 3 107 171 3 1.6 24 3 61.3 69.7 9 4.0 67 3 1.8 30 3 1.5 25 3
total metazoan meiofauna, and (f) proportions of 3. Results

total meiofauna, nematode and harpacticoid densities
and biomass in the top 1 cm of sediment (relative
to the top 5 cm).

Correlations were made for each cruise separately
and by combining data from all cruises, which had
the advantage of increasing the number of data points,
but the disadvantage of masking possible seasonal
differences.

Lack of true replication prevented a rigorous sta-
tistical comparison of different stations and seasons.
However, during the autumn cruise, three multicore
deployments were made at the 450 N site, and two at
the 2300 N site. Variation of meiofaunal abundance
at different spatial scales (subcores within a multicore
(a few centimetres apart), cores within a multicore
deployment (30—70 cm apart), multicore deployments
within a site (64 m—1.1 km apart), and among sites
(54 km apart)), were assessed at these locations by
variance components analysis in a nested ANOVA
design. For the purposes of the analysis, the
subsampling levels below site were assumed to be
independent and random.

3.1. Meiofaunal densities and biomass

Mean meiofaunal density per sample ranged from
93 to 1454 individuals 10 cm 2, and mean meiofaunal
biomass from 10.4 to 435.3 pg dry weight 10 cm 2
(Table 2). The lowest densities and volumes occurred
at the deepest sites (2600 m) in spring 1997 and sum-
mer 2000, and the highest at the 450 S site in autumn
1997.

Nematodes were numerically dominant at all sites
(77-95% of individuals), with harpacticoid copepods (3—
12%) and nauplii (<10%) being the next most abundant
groups. Annelids and ostracods comprised <1-3% of
individuals, and other taxa each comprised <1% of
individuals in samples.

Meiofaunal densities along the transect and at
different seasons are shown in Fig. 2. Meiofaunal
densities tended to be highest towards the crest and
southern flank of the rise and decreased with
increasing water depth on either side. For the summer
and autumn cruises, the highest densities were at 450
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Fig. 2. Mean (+S.E.) density of total meiofauna at stations across the Chatham Rise for the three sampling occasions.
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S rather than at the crest (350 m). Also, densities at Similar trends were observed with the biomass
450 S and 1000 S were generally higher than estimates (Fig. 3). Total meiofaunal biomass exhibited
equivalent depths on the north side of the rise (lack high variability between subcores, often due to the
of true replication precludes significance testing). occurrence of large, rare individuals.

2000

Cruise 3036 (autumn)

1800 OTotal meiofauna

1600 1
ONematodes and

1400 1 Harpacticoids

1200 1 BENematodes
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Fig. 3. Mean (+S.E.) biomass of meiofauna across the Chatham Rise for the three sampling occasions.
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3.2. Correlations

Results of bivariate correlations showed that when
data from all cruises were combined, significant cor-
relations (p<0.05) were found between all the meio-
faunal measures and water depth, median grain-size
and carbonate (all negative), and chlorophyll «a
(positive). Water content, % sand and % silt were
also significantly correlated with all the meiofaunal
measures (decreasing with finer sediments), except
total meiofauna biomass. These patterns were not
entirely consistent when cruises were analysed
independently. For the autumn samples, meiofaunal
density was significantly related to water depth
(negative), but this was not the case for the three
measures of biomass. Only total meiofaunal biomass
showed a significant relationship with chlorophyll a
(positive), and only total meiofaunal density and
biomass correlated significantly with grain-size para-
meters. For the spring samples, there were strong
depth and chlorophyll a relationships, but relation-
ships were weaker with grain-size distributions. The
summer samples showed significant correlations
between depth and meiofaunal measures, and also
between bacterial biomass and meiofaunal biomass.
Since a number of the environmental and potential
food factors (see Materials and methods), notably
sediment organic content, pigment, carbonate, and
grain size, were highly correlated with depth, partial
correlations were calculated to examine the possible
relationships of these sediment and potential food
variables with the effect of depth held constant. In
this case, however, only chlorophyll a retained a
significant positive correlation with meiofaunal
abundance.

3.3. Relative densities of nematodes and harpacticoids

Trends in the relative density and biomass of the
nematodes and harpacticoids varied between cruises.
Significant correlations are summarised in Table 3.
Relative harpacticoid biomass increased with depth
overall, but for the autumn samples correlated nega-
tively with potential food variables (phaeopigments and
sediment organic content). The summer samples
showed a different pattern, with relative harpacticoid
density (but not biomass) positively correlated with
sediment organic matter. Summer samples also showed
a negative relationship between potential food variables
and the relative importance of nematodes, indicating a
food-related increase of other metazoan meiofauna at
that time.

Table 3

Significant correlations (p<0.05) between environmental variables
and the relative density and biomass of nematodes and harpacticoid
copepods for the three cruises

Meiofaunal component as  Variable and Cruise
fraction of total meiofauna correlation (+/—)

Harpacticoid biomass Depth (+) All combined
C:N ratio (+) 3036
Carbonate (+) 3036, 3040,
all combined
Phaeopigments (—) 3036, 3040,
all combined
Sorting (+) 3036
POC, TN, TOM (-) 3036
Harpacticoid density C:N ratio (—) 3065
POC, TN, TOM (+) 3065
Nematode biomass Bacteria, bacterial 3065
prod. (—)
C:N () 3065
Depth (+) 3065

Phaeopigments, chl. @ (=) 3065

Nematode density Phaeopigments, chl. @ (=) 3065

POC, TN () 3065
TOM (-) 3065, all
combined

3.4. Vertical distribution of meiofauna

All samples showed a decrease in meiofaunal
density with increasing depth in the sediment. Non-
nematode meiofauna was concentrated in the top 1 cm
of the sediment, with the 3—5 cm depth fraction being
almost entirely nematodes. A mean of 80% (S.D.
17.5%) of non-nematode individuals was found in the
top 1 cm of each 5 cm core, whilst in the 3—5 cm
section of each core nematodes averaged 97% (S.D.
7%) of individuals.

The relationship between environmental and poten-
tial food wvariables and the proportion of major
meiofaunal components in the top 1 cm of sediment
was not consistent between cruises (Table 4). However,
for all the meiofaunal components examined, phacopig-
ments and/or sediment organic content showed negative
correlations, indicating that as potential food variables
increased, meiofauna became less concentrated in the
uppermost sediment layer.

3.5. Variability at different spatial scales

Two patterns of spatial variability were evident
from the two sites on the autumn cruise where more
than one multicore deployment was made (Table 5).
At the deeper site at 2300 N, the highest proportion of
variance was between the multicorer deployments,
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Table 4

Significant correlations (p<0.05) between environmental variables
and the proportion of meiofaunal components in the 0—1 cm sediment
layer for the three cruises

Variable and
correlation (+/-)

Proportion of meiofaunal Cruise

component in the top 1 cm

Meiofauna density Phaeopigments (—) 3040

POC () All combined

TN (-) 3040
Meiofauna biomass Bacterial prod. (=) 3036

Carbonate % (+) 3040, all

combined

Phaeopigments (—) 3040

TN (-) 3040
Nematode density Carbonate % (+) All combined

Phaeopigments (—)  All combined
TN (-) 3065
Carbonate % (+) 3036, all
combined
Phaeopigments (—) 3036
Bacterial prod. (=) 3036
‘Water content % (—) 3036, 3065,
all combined
POC () 3036
TN (-) All combined
‘Water content % (—) 3036, 3040,
all combined
Phaeopigments (—) 3036

Nematode biomass

Harpacticoid density

Harpacticoid biomass

Sand % (+) 3036

Silt % (—) 3036

POC () 3036

TN (-) 3036, all
combined

whereas at the 450 N site, the highest variance
component was “within” the deployments, i.e. on the
scale of 30-70 cm, the distance between multicore
cylinders. However, for both stations, the centimetre-

scale variation (subcores) was lower than that for the
cores within each deployment.

4. Discussion
4.1. Meiofaunal densities and biomass

Meiofaunal density and biomass estimates in this
study fall within the ranges reported for similar water
depths around the world (Thiel, 1983; Tietjen, 1992;
Soltwedel, 2000). Soltwedel’s review demonstrates,
however, considerable regional differences, probably
largely reflecting the degree of bentho-pelagic coupling.
For temperate latitudes, extensive data have been
available only for the Northern Hemisphere, with
meiofaunal densities in the western Atlantic being
significantly lower than those for the eastern Atlantic
and western Pacific (Soltwedel, 2000). Densities for the
Chatham Rise are somewhat lower than those for the
eastern Atlantic and western Pacific and with a greater
rate of decline with increasing water depth. Soltwedel
(2000) points out, however, that differences reported
between the Northern Hemisphere temperate regions
may also be partly explained by differences in sampling
and sample processing techniques.

The negative correlation of meiofaunal abundance
and biomass with depth agrees with findings elsewhere
(e.g., Shirayama, 1983; de Boveé et al., 1990; Danovaro
et al., 1995), although this relationship is not always
consistent for different areas (Tietjen, 1992; Vincx et al.,
1994), or for all taxa (e.g., nematodes: Alongi and
Pichon, 1988; Vanhove et al., 1995). The relationship of
meiofaunal standing stocks with depth is generally
attributed to food supply, in the form of particulate

Table 5
Variability of total meiofaunal abundance at different spatial scales for sites 2300 N and 450 N of Cruise 3036
ANOVA
Source of variation Degrees of freedom Sum of squares Mean squares F ratio p value
Site 1 257,603.710 257,603.710 2.461 0.215
Deployment (within site) 3 310,446.072 103,482.024 3.613 0.053
Core (within deployment) 10 288,566.375 28,856.637 7.410 0.000
Sub-core (error) 29 112,931.167 3894.178
Variance components
Component Both stations Site 2300 N Site 450 N

Variance estimate % of sum Variance estimate % of sum Variance estimate % of sum
Site 7237.297 26 — — — -
Deployment (within site) 8602.154 30 8219.333 51 8566.574 36
Core (within deployment) 8534.174 30 4416.259 27 11,395.579 47
Subcore (error) 3894.178 14 3657.278 22 4061.402 17
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organic carbon (POC) flux. Sediment-bound algal
pigments have been correlated with deep-sea meiofau-
nal densities and biomass in a number of studies
(Pfannkuche, 1985; Vanreusel et al., 1995a; Danovaro et
al., 1999; Brown et al., 2001). Although we found a
positive correlation between sediment chlorophyll a and
metazoan meiofaunal densities and biomass, the nature
of the relationship was not consistent. When the cruises
were considered separately, the strongest correlation
was found for the spring samples, but chlorophyll a
levels were not any higher at this time compared to other
sampling times (Table 1). Attempts to determine
meiofaunal responses to pulsed inputs of organic matter
related to primary productivity at the surface have often
been inconclusive with regard to metazoan meiofauna
(Pfannkuche, 1993; Gooday et al., 1996; Pfannkuche et
al., 2000). Whilst bacteria and protists may show an
obvious positive response, suggesting that such organ-
isms can exploit pulses of organic matter rapidly,
sedimentation events may result in little or no apparent
biomass production by metazoan meiofauna, probably
for reasons of behaviour, physiology and growth rate
(Gooday et al., 1996; Soltwedel et al., 1996, Pfannkuche
et al.,, 1999; Shimanga and Shirayama, 2000). More
recently, however, Witte et al. (2003) reported meio-
fauna (Nematoda) at 2—5 cm depth responding within
weeks to a phytodetrital pulse at a North Atlantic
abyssal site, whilst at a site at 1920 m in the NE Atlantic,
Hughes and Gage (2004) reported a significant increase
in meiofaunal numbers from May to July associated
with a phytodetrital accumulation.

Measurements of POC, TN and TOM attempt to
take into account the organic content of the sediment,
which may not be of immediate phytodetrital origin.
This may include carcasses of nekton, marine macro-
phyte debris, resuspended material, and terrigenous
material transported from shallower shelf environments
(Pfannkuche, 1985). Soetaert et al. (1997) argue that
organic matter content is not a good indicator of food
input to the sediment because of large differences in the
reactivity of organic material arriving at the sediment—
water interface. Although POC and TN do not always
yield meaningful information (see de Boveé et al.,
1990), positive correlations with meiofaunal densities
have been reported (de Boveé et al., 1990). Danovaro
et al. (1995) found a significant relationship between
the ratio of labile organic material to total organic
matter and meiofaunal density (no correlation between
meiofauna and chlorophyll pigment-equivalents was
found), and suggested that the quality of the sediment
was more important than quantity in extreme oligotro-
phic environments.

Sibuet et al. (1989) placed the flux of organic matter
as the first-order parameter controlling biomass distri-
bution in the deep Atlantic Ocean, whereas the organic
matter deposited correlated poorly with meiofaunal
abundance. Tietjen et al. (1989) found a highly
significant positive relationship between particle flux
rates (measured in near-bottom traps) and meiofaunal
biomass. Nodder and Northcote (2001) observed that
particle fluxes on the southern flank of the Chatham
Rise were 2—3 times lower than those on the northern
flank in spring and less episodic. However, the more
prolonged fluxes to the south had a higher proportion of
organic carbon, were more labile and inferred to be more
protein-rich than those on the northern slope, suggesting
the importance of sediment food quality rather than
quantity on the south side. This appears to be supported
by the distribution of macrobenthic biomass and
abundance, which were found to be higher on the
southern than on the northern flank of the Chatham Rise
(Probert and McKnight, 1993; Probert et al., 1996), and
by elevated rates of sediment community oxygen
consumption on the crest and southern flank (Nodder
et al., 2003), i.e., in a similar pattern to the meiofauna.
Nevertheless, although using biochemical descriptors of
sedimentary organics, Grémare et al. (2002) found that
organic matter availability was not controlling the
meiofauna standing stock on the upper slope of the
Gulf of Lions.

Attempts to relate meiofaunal densities with micro-
bial standing stocks have also yielded conflicting
results. Some have found a positive correlation (Alongi
and Pichon, 1988 (for some taxa); Aller and Aller, 1986;
de Boveé et al., 1990; Vanreusel et al., 1995a; Brown et
al., 2001), but others have found no relationship (Tietjen
et al., 1989; Pfannkuche, 1993; Danovaro et al., 1995;
Pfannkuche et al., 2000). Sommer and Pfannkuche
(2000) found a relationship between bacterial biomass
and meiofaunal biomass, but not meiofaunal density.
Such a relationship was evident in the present study, but
only for the summer samples.

Sediment granulometric parameters were highly
correlated with water depth in this study, and did not
correlate significantly with the meiofaunal measures
when the effect of depth was held constant; nor did
water depth correlate significantly with the meiofaunal
measures when the effect of median grain-size was held
constant. Alongi and Pichon (1988) reported a correla-
tion between total meiofauna (including Foraminifera)
and sediment silt content that was independent of depth,
but others have failed to find any relationship between
granulometric parameters and meiofaunal density (de
Boveé et al., 1990; Coull et al., 1982). This could be
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attributable to the relative homogeneity of deep-sea
sediments. Differing sediment types at similar depths
can be so spatially separated that differences in surface
productivity confound any relationship observed (Tiet-
jen, 1984). Across the Chatham Rise, however,
sediment physical and chemical properties varied
along the transect with differences in sediment para-
meters most obvious at the deepest sites to the north and
south: organic-rich, low carbonate, muddy sediments
sampled at 2300 N; and organic-poor, carbonate-
dominated sandy sediments at 2300 S and 2600 S
(Table 1). This reflects the high and low production in
STW and SAW, respectively (e.g., Bradford-Grieve et
al., 1999). Sediments on the upper flanks and crest of the
rise are predominantly glauconitic silty sands with
higher organic contents than these southernmost sites,
and underlie the highly productive STF (Bradford-
Grieve et al., 1997; Uddstrom and Oien, 1999; Murphy
et al., 2001; Nodder et al., 2003).

Shirayama (1984a) found sediment calcium carbon-
ate to be one of the main factors explaining variance of
meiofaunal abundance in the deep western Pacific
(2090—-8260 m). This was attributed to the relationship
between calcium carbonate and sedimentation rate
(increased food availability) and larger inter-particle
pore space (as calcareous sediments contain many tests
of planktonic foraminifera which increase interstitial
space). In the present study, however, carbonate content
was highly negatively correlated with potential food
variables such as plant pigments and organic material,
though positively correlated with sediment sorting
(where higher values denote poorer sorting). Flach et
al. (2002) found meiofaunal densities to be inversely
correlated with CaCOj3 content and positively correlat-
ed with both POC and TN at Iberian margin stations.
Similarly, Alongi and Pichon (1988) found no
relationship between meiofaunal densities and CaCO;
content at bathyal depths in the western Coral Sea,
which they attributed to the more poorly sorted
sediments decreasing interstitial space. On the Chatham
Rise, carbonate content was not correlated with
percentage sand or water content (a possible index of
pore size). Water content was positively correlated with
clay and silt content and median grain-size (phi scale),
so if this were an index of pore size, the opposite might
be expected.

The inconsistent results for the relationship be-
tween Chatham Rise meiofaunal distributions and
various potential food variables perhaps reflect the
complexity of relationships between meiofauna and
environmental factors and the difficulty of estimating
actual food availability, at least from the factors

available in this study (e.g., Soctaert et al., 1997).
More appropriate descriptors of potential food are
likely to be biochemical parameters that reflect organic
fractions that are actually bioavailable and digestible
(Danovaro et al., 1995; Cartes et al., 2002; Grémare et
al., 2002). Also, the transect encompasses a complex
area with changes in bathymetry and hydrological
regime, and food-meiofauna interactions can be
confounded by other environmental factors, such as
sediment granulometry, interactions with other faunal
groups, and episodic events such as benthic storms
(e.g., Tietjen, 1992). Flach et al. (2002), for example,
observed low meiofaunal densities at a bathyal site
characterised by a high current regime (and low POC
and TN).

4.2. Vertical distribution of meiofauna

Penetration of meiofauna into the sediment has been
correlated with the input of organic matter to the
sediment (Thiel, 1983; Vincx et al., 1994; Lambshead et
al., 1995; Sommer and Pfannkuche, 2000), and with
increasing water depth (Alongi and Pichon, 1988;
Vanaverbeke et al., 1997). This has been related to
species interactions, such as the increased activity of
larger organisms in more eutrophic areas leading to
higher bioturbation and hence penetration into the
sediment of both organic matter and meiofauna (Vincx
et al.,, 1994; Lambshead et al., 1995). Penetration of
sediment by meiofauna correlated well with increasing
organic matter (Table 4).

Increasing carbonate content was correlated to
poorer penetration by nematodes, whereas the opposite
relation was found by Shirayama (1984b) who attri-
buted a high carbonate content to increased sedimen-
tation rates. In the present study, calcium carbonate
content was either negatively or poorly correlated with
sediment chloroplastic pigments and organic matter,
consistent with recent observations that the Campbell
Plateau to the south of the sampling transect is
characterised by low POC fluxes (H. Neil, NIWA,
personal communication), despite a high CaCO; content
of the total mass flux.

4.3. Variability at different spatial scales

Variance components analysis of nematode abun-
dance in deep-sea studies, where replicate cores/grabs
have been taken, have shown higher within-sample
variance than between-sample variance (85.7% and
14.3%, respectively, Coull et al., 1977; 66% and 34%,
respectively, Thiel, 1983). A similar pattern was found
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at 450 N in this study (allowing for the gear
differences), though 2300 N showed the opposite.
Snider et al. (1984) found no relationship between
abundance or biovolume and distance between samples
(from 2.5 to 45.0 cm and 17-110 km) in a deep-water
study (5800 m). In a shallow-water study, Li et al.
(1997) found subcore variation (centimetre-scale) to be
higher than between cores (metre-scale). When com-
ponents of the meiofauna were considered, the non-
nematode meiofauna displayed much higher variation
at the smaller scale. These diminished in importance
with increased depth. Meiofaunal variation has been
related to very small-scale biogenic structures (Aller
and Aller, 1986), which are postulated to act as
sediment traps for highly reactive, fresh organic matter.
Phytodetritus can deposit as a gelatinous layer with
aggregates accumulating in relation to surface topog-
raphy under the action of currents (Thiel et al., 1988/
89; de Wilde et al., 1998), and patches of detrital
aggregates may exert a noticeable impact on the
chemical microenvironment (Smith et al., 1998).
Given these small-scale environmental variations,
spatial heterogeneity has been attributed to the selective
recruitment of meiofauna (Lee et al., 1977).

To conclude, our results provide the first detailed
estimates of meiofaunal abundance and biomass for
bathyal depths of the temperate south-west Pacific.
Across the Chatham Rise, there is a considerable range
in physico-chemical and biological characteristics of
differing water masses and in the underlying sediment
geochemistry of the benthic environment. Despite
limitations of the descriptors of food availability, the
meiofaunal parameters appeared to provide a good
indicator of the likely degree of bentho-pelagic
coupling, in particular that associated with the produc-
tive STF region.
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