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INTRODUCTION 

 

As part of the on-going efforts to minimize human impacts at McMurdo Station, Antarctica and 

to comply with national regulatory and international environmental stewardship obligations, long 

term monitoring of human impacts has been conducted.  The current report is on the results of 

the 2006 sampling season. This phase of work includes sampling during the austral season in 

Antarctica, and analysis of samples collected during previous austral seasons.  The program and 

sampling design is based on historical information about station operations, previous studies of 

disturbances in the area and a pilot project that tested the design assumptions (Morehead et al. 

2008). 

 

The program includes diver assisted sampling in near-shore marine areas adjacent to McMurdo 

Station. Sampling will follow established protocols developed to provide unadulterated samples 

for biological and toxicological analyses.  Biological and toxicological assays are accepted 

methods for environmental monitoring.  All methods are described in detail in the final report of 

the pilot project.  When feasible and necessary, analyses are conducted on site at McMurdo 

Station.  Other samples are appropriately preserved and shipped to U. S. based laboratories for 

analyses. 



METHODS 

 

 Field Sampling  

 

This section describes field sampling procedures employed for five austral summer field seasons.  

Field sampling was conducted during November and December in 2000 and from 2003 to 2006. 

The field sampling plans for these three seasons were similar in design. During the 2003 field 

season a smaller set of terrestrial samples was collected and samples were not collected at off-

station control sites. 

 

 Marine Sampling - Marine sampling was undertaken in 2000 and 2003 to 2006 at three 

depths along three transects (nine sampling stations; Figure 1).  The stations were originally 

sampled during the 2000 field season.  Two transects cross areas of known anthropogenic impact 

- Winter Quarters Bay and the waste disposal system outfall.  The third transect is a control 

located offshore of Cape Armitage in an area believed to have minimal anthropogenic impact. 

The marine sampling locations are shown in Figure 1.  Methods and background can be found in 

Appendix II from Kennicutt et al. (2008) and in Morehead et al. (2008). 

 

 

RESULTS 

 

The macrofauna communities are divided into two significantly different groups based on 

species composition (Figure 2).  Group 1 is comprised of communities from stations F1 - F3 and 

D3.  Group 2 is comprised of communities from stations A1 - A3 and D1 - D2.  Group 1 had 

high abundances of three ostracod species (Philomedes sp., Podocopida A and B), the amphipod 

Haplocheira plumosa, unidentified oligochaetes, the cumacean Leucon sp and the tanaid 

Nototanais dimorphus relative to Group 2 (Table 1).  Group 2 had higher abundances of the 

polychaetes Leitoscoloplos kergulens minutus and Tharyx cincinnatus relative to Group 1.  The 

macrofauna community at station F1 in 2005 was significantly different from the communities at 

all other station-year combinations in either Group 1 or Group 2.  

 

Macrofauna abundance was not higher at the reference transect (F1 - F3) than the impacted 

transects except for in 2000 (Figure 3A).  There were no major differences in biomass between 

stations except that biomass was consistently low in transect A (Winter Quarters Bay) and more 

variable over time at the other two transects (Figure 3B). 

 

With the exception of station D2, there is a general directional shift in macrofaunal communities 

at all stations over time.  The MDS plot shows that communities move in an overall upward 

vertical direction between years.  The initial communities sampled in the year 2000 start at the 

bottom of the plot, enter a transitional community stage in 2003 and 2004, and then progress 

upward through to 2005 and 2006, closer to the top of the plot.  The overall community change 

over time is partially the result of a change in abundance of individual species.  Unidentified 

Astartidae bivalves, Syllidia inermis polychaetes, Nototanais dimorphus tanaidaceans and 

Hydroida and Actinaria A were among several species that decreased in abundance between the 

years 2000 and 2006 (Table 1).  The polychaete Psamathe fauveli was abundant in 2006 but 



absent from 2000 to 2004.  Another reason for overall changes in community composition was a 

change in abundance and diversity over time (Figure 3). 

 

At station D2, the macrofauna community structure became increasingly different from the other 

station-date combinations between 2003 and 2005.  In 2006, the community structure at D2 was 

similar to station D1 and all of the stations from Transect A.  Abundance of the polychaete  

Ophryotrocha claparedii at D2 occurred at a density of less than 4,000 in the year 2000,  

increased from 14,000 to 47,000 ind. m-2 from 2003 to 2005, but was absent in 2006.  Similarly 

another polychaete Capitella capitata was very abundant (22,000 to 46,000 ind. m-2) in 2004 and 

2005 but is had low abundance (3,000 to 6,000 ind. m-2) in other years.  The crustacean 

Heterophoxus videns and polychaete Tharyx cincinnatus were both ubiquitous throughout almost 

all station-date combinations in transects A and D but were virtually absent from station D2 from 

2003 to 2005.  There was lower H′ diversity at station D2 from 2003 to 2006 than in 2000 and 

2006 at the same station and all dates in transect D.   

 

Mean abundance decreased from 92,200 to 19,100 n m-2 between the years 2000 and 2006.  In 

2000, abundances were higher than any other year for seven of the nine stations (A1 - A3, D1 

and F1 - F3; Figure 3A).  The lowest abundances at seven of the nine stations (A1 - A3, D1, D3, 

F1, and F2) occurred in 2005 and 2006.  Mean overall diversity also decreased over time (Figure 

3C).  Mean H′ diversity decreased from 2.15 in 2000 to 1.56 in 2005, however increased to 1.92 

in 2006.  Maximum biomass values occurred in 2000 at eight out of the nine stations whereas 

four of the nine minimum biomass values occurred in 2006 (Figure 3B).  

 

Transect F had the highest BIBI scores followed by Transect D and Transect A (Figure 4).  The 

mean BIBI score for each transect decreased from 3.1 to 1.5 between the years 2000 and 2005 

but increased to 1.9 in 2006.  The highest mean BIBI scores at each transect occurred in 2000 

and the lowest BIBI scores occurred in 2005.  The BIBI ranks at D3 and stations F1 - F3 were all 

highest in 2000, second highest in 2003 and lowest in 2004 or 2005.  The maximum BIBI rank at 

stations A1 - A3 and D1 - D2 was 2.4. Besides station F2 in 2005 and Station F1 in 2004, the 

BIBI ranks at stations F1 - F3 and D3 were all at least 2.5.  The grouping of stations D3 and F1 - 

F3 together in one group and the rest of the stations in another is consistent with findings from 

MDS analysis (Figure 2). 

 

The sediment toxicity EC50 was below 250,000 mg l-1 for all years between 2000 and 2006 at 

five stations, including A1, A2, D1, D2 and F3 (Figure 5).  Toxicity was lowest (EC50 was 

highest) at station F1 in 2004 (EC50 of 8,800,000 mg l-1).  F1 had the lowest mean toxicity out of 

all stations (2,430,000 mg l-1 at F1 compared with 20,000 to 610,000 mg l-1 at other stations), 

even when excluding the 2004 EC50 value in the F1 station mean (850,000 mg l-1).  The 

reference station F3 had the second lowest mean toxicity of all stations.  Transect A had the 

highest mean toxicity (EC50 of 110,000 mg l-1), followed by Transect D (EC50 of 240,000 mg l-

1) and Transect F (EC50 of 880,000 mg l-1; Figure 5). 

 

The chemical contamination of each year-site combination was analyzed using Principal 

Component Analysis (Figure 6).  PC1 accounted for 55.8 % of variation within the contaminant 

data set, while PC2 accounted for 15.3 % (total 71.0 %).  Station-year combinations with a high 

First Principal Component (PC1) score had high loadings of polycyclic aromatic carbons 



(PAHs), dichloro-diphenyl-trichloroethane (DDT), polychlorinated biphenyls (PCBs), total 

petroleum hydrocarbons (TPHs), and several metals but low total inorganic carbon (TIC) 

concentrations (Figure 6A).  Station-year combinations with a high Second Principal Component 

(PC2) score had high concentrations of magnesium, nickel, cadmium, copper, vanadium and 

chromium.  In general, stations from transects A and D had low TPH, PAH, PCB, DDT and 

metal concentrations but low TIC concentrations (high PC1 scores; Figure 6B).  Nickel and 

Cadmium concentrations were higher in 2006 then in other years. 

 

The contaminant loadings, represented by PC1, were negatively correlated with the EC50 

(positive correlation with toxicity; R2 = 0.0256), BIBI rank (R2 = 0.2479) and H′ diversity  (R2 = 

0.1689; Figure 7).  The correlations with PC1 were only significant for the BIBI rank (p < 

0.0005) and H′ diversity (p < 0.0050) but not toxicity (p < 0.2936).  PC1 was very weakly 

negatively correlated with macrofauna abundance and biomass (both R2 < 0.02) but the 

relationships were not significant (both p < 0.61). 

 

DISCUSSION 

 

Macrofauna communities in this study were grouped according to whether they were chemically 

contaminated or not (Figure 2).  With the exception of station D3, all communities in the two 

impacted transects (transects A and D) were more similar to each other than the communities at 

Cape Armitage, the reference transect (transect F).  Macrofaunal communities at station D3, 

were more similar to the Cape Armitage communities than the rest of the communities in the 

outfall transect (transect D).  The chemical contamination at station D3 is similar to stations D2 

and D1, however there were more spicules at station D3 than other contaminated stations.  The 

communities in Cape Armitage and Station D3 were characterized by crustaceans including three 

ostracod species (Philomedes sp., Podocopida A and B), the amphipod Haplocheira plumosa, 

unidentified oligochaetes, the cumacean Leucon sp and the tanaid Nototanais dimorphus (Table 

1).  The communities at the two impacted transects had higher abundances of the polychaetes 

Leitoscoloplos kergulens minutus and Tharyx cincinnatus relative to the communities at the 

reference stations. 

 

There was a consistent shift in community composition over time at all stations except station D2 

(Figure 2).  This shift is the result of an overall reduction in abundance and diversity (Figure 3), 

combined with individual species abundance changes (Table 2).  This change over time is not 

likely to be the result of a change in overall environmental quality of the contaminated areas 

(Winter Quarters Bay and the Sewage Outfall) because the change in macrofauna communities 

occurs at all sampling stations.  The difference between station D2 and the rest of the stations is 

however likely to be the result of an environmental change. Station D2 is located adjacent to the 

sewage discharge pipe, which up until 2003 had discharged raw sewage into McMurdo Sound.  

It is likely that the sudden decrease in solid effluent discharge caused a shift in dominant species.  

This caused a decrease in ubiquitous species Heterophoxus videns and Tharyx cincinnatus, but 

an increase in Ophryotrocha claparedii and Capitella capitata.  The marine community at station 

D2 had recovered by 2006 so that it resembled other stations in transect D however. 

 

The BIBI rank is the best univariate indicator of chemical contamination used in this monitoring 

program.  The BIBI rank has a higher correlation this chemical contamination (represented by 



PC1) than macrofauna diversity, abundance and biomass (Figure 7).  BIBI scores have remained 

higher at the reference stations and station D3 than the rest of the stations for all years except for 

two year-station combinations (Figure 4).  The decrease in BIBI rank over time at D3 and F1 - 

F3 between 2000 and 2005 is partially attributable to the decrease in total abundance and 

biomass that has occurred between 2000 and 2005 (Figure 3A and B).  The mean biomass for 

each year from 2003 to 2005 at stations F1 - F3 was lower than the biomass for the same time 

period at stations D1 - D3 almost all of the time.  The grouping of the stations D3 and F1 - F3 

together in the BIBI is consistent with similar groupings in MDS analysis (Figure 2). 

 

There continues to be problems with the Microtox toxicity tests in this monitoring program.  The 

non-significant relationship between toxicity and chemical contamination indicates that the 

Microtox test used in this study may not be the most effective toxicity test to use as an 

environmental indicator using the current sampling stations.  The high toxicity values at two of 

the reference stations (F2 and F3) are similar to the toxicity values found at the impacted 

stations.  This high toxicity at the reference station continues to occur despite chemical 

contamination being absent at the reference stations.  It is possible that the sponge spicules, 

which are very abundant at Cape Armitage (transect F), are interfering with the toxicity test so 

that the toxicity is calculated as being toxic, although the anthropogenic impact is low.  One 

theory for this ‘false toxicity’ is that the spicules interfere with the light when measuring the 

luminescence of the bacteria used in the toxicity tests, causing erroneous calculations.  Another 

theory is that the spicules are actually toxic themselves.  Some species of sponges in McMurdo 

sounds have been found to be toxic (McClintock, 1987, McClintock and Guthier 1992) so the 

theory that the spicules are toxic is likely.   

 

Although detailed final results are to be presented in the Phase 4 report, it is worth describing 

preliminary results from experimentation with the toxicity test methodology during the 2007 

field campaign.  In 2007, sediment samples were analysed using the test used throughout the 

monitoring program to that date (Microtox Basic Solid Phase Test) and a modified version of the 

test.  This modified version accounts for differences in color and turbidity differences among 

samples.  The modified methodology follows that of Campisi et al. (2005).  Relative toxicity 

concentrations among the stations did not change between the original and modified toxicity 

tests.  These results support the theory that the sponge spicules are toxic to the bacteria used in 

the Microtox tests toxicity (Vibrio fischeri). 

 

Microtox tests are useful in environmental monitoring because they are cost-efficient and 

relatively simple.  Accurate toxicity calculations are also valuable to this monitoring program.  

Toxicity concentrations obtained using the original Microtox toxicity test may be useful when 

comparing the current impacted transects with references sites that have no sponge spicules 

present. 

 

In 2007, a transect northwest of Hut Point was sampled and analyzed for toxicity.  This data was 

not included in this current report because little could be determined from the results without 

comparison with the chemical analyses, which are at this date incomplete.  Toxicity levels were 

found to be lower than the impacted stations however.  This provides optimism that the new 

location may be suitable as a reference transect. 
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Table 1. Species that are the best discriminators between MDS community Groups 1 and 2, and 

between communities in the years 2000 and 2005.  Diss = dissimilarity. SD = standard deviation 

of abundances between stations. Contribution = Contribution of dissimilarity to the overall 

dissimilarity between groups. 

 Group 1 Group 2                          

Species Average 

Abundance 

(log [n m-2]) 

Average 

Abundance 

(log [n m-2]) 

Average 

Diss 

Diss / SD Contribution 

(%) 

Tharyx cincinnatus 1.42 7.09 1.95 1.68 2.64 

Podocopida A 6.07 0.73 1.75 1.84 2.36 

Philomedes sp. 8.09 2.78 1.66 1.78 2.24 

Haplocheira plumosa 4.83 0 1.48 2.1 2.01 

Leucon sp. 4.9 0 1.48 1.7 2 

Oligochaeta (unidentified) 7.29 3.11 1.45 1.48 1.96 

Podocopida B 5.27 0.82 1.43 1.8 1.94 

Porifera (unidentified) 4.34 0 1.41 1.14 1.91 

Nototanais dimorphus 8.01 4.01 1.36 1.29 1.84 

Leitoscoloplos kergulens minutus 1.99 5.71 1.34 1.37 1.8 

Paramunna glacialis 4.35 1.37 1.28 1.26 1.73 

Limatula hodgsoni 3.92 0 1.23 1.17 1.67 

Seba dubia 4.04 0.42 1.22 1.21 1.65 

Pyramidellidae (unidentified) 4.49 1.57 1.22 1.33 1.64 

Capitella capitata 1.37 3.83 1.21 0.99 1.63 

Nicomache lumbricalis 3.69 0 1.21 1.23 1.63 

Munna sp. 4.42 0.62 1.2 1.38 1.62 

Syllidia inermis 4.3 5.18 1.16 1.1 1.57 

Halocaridae (unidentified) 5.91 3.57 1.08 1.17 1.46 

Paramunna rostrata 3.46 0.18 1.06 1.14 1.44 

Nemertea (unidentified) 4.13 2.48 1.05 1.17 1.41 

 Year 2000 Year 2006                          

Species Average 

Abundance 

(log [n m-2]) 

Average 

Abundance 

(log [n m-2]) 

Average 

Diss 

Diss / SD Contribution 

(%) 

Syllidia inermis 7.86 0 2.51 2.74 3.51 

Psamathe fauveli 0 5.68 1.78 2.99 2.49 

Hydroida (polyp) 4.23 0 1.61 1.2 2.25 

Actiniaria A 5.02 0.63 1.51 1.23 2.11 

Ophryotrocha claparedii 4.44 1.01 1.43 1.04 2.01 

Astartidae (unidentified) 4.73 0 1.39 2.25 1.95 

Tharyx cincinnatus 3.82 4.9 1.33 1.11 1.86 

Paramunna dentata 4.94 0.51 1.29 1.34 1.81 

Paramunna glacialis 0 4.22 1.27 1.24 1.78 

Gastropoda (unidentified) 0 4.46 1.23 1.26 1.72 

Philomedes sp. 5.26 5.64 1.23 1.34 1.72 

Austrosignum grande 8.11 4.35 1.22 1.17 1.71 

Nototanais dimorphus 8.68 5.27 1.21 1.02 1.69 

Capitella capitata 3.15 3.15 1.2 1.13 1.68 

 



 

 
Figure 1.  Marine sampling station locations. 

 

 

 



Figure 2.  Multi-dimensional Scaling (MDS) plot of macrofaunal communities.  Station names 

are indicated by names above symbols on the MDS plot. 



 
Figure 3.  Macrofaunal A) Abundance, B) Biomass and C) H’ diversity at all nine marine 

stations for each year between 2000 and 2005. 



 
Figure 4.  Mean Benthic Index of Biotic Integrity (BIBI) score of each station and transect. 



 
Figure 5.  Mean toxicity of stations and transects for each year sampled.  A) Full EC50 scale and 

B) reduced scale. 



 
Figure 6.  Principal Components Analysis plots of A) chemical contaminant loading scores and 

B) station-year scores. 



 
Figure 7.  Principal Component 1 (PC1) versus A) Toxicity, B) BIBI rank and C) H′ diversity.  

Data points are represented by station name.  N.B. An increasing PC1 score represents increasing 

contaminant loading. 


