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ANIMALIA ECHINODERMATA

ANNELIDA Class Asteroidea

Class Echiura Asteroynx sp. Det Mob

Echiura Omn Mob Solaster borealis Mob

ARTHROPODA Class Echinoidea

Subphylum Crustacea - Class Malacostraca Brisaster sp. Det Mob

Chionoecetes tanneri Omn Mob Class Ophiuroidea

Diogenidae Omn Mob Ophiuroidea Det Mob

Mysidae Omn Mob MOLLUSCA

CNIDARIA Class Cephalopoda

Class Anthozoa Opisthuteuidea Pre Mob

Actiniidae sp. 1 Sus Ses Class Gastropoda

Actinostolidae Sus Ses Gastropoda Det Mob

Actinostolidae sp. 1 Sus Ses Neptunea-Buccinium complex Pre Mob

Anthoptilum grandiflorum Sus Ses Tritonia diomedea Pre Mob

Ceriantharia sp. Sus Ses PLANTAE

Funiculina sp. Sus Ses ANGIOSPERMAE

Isosicyonis sp. Sus Ses Phyllospadix sp.

Pennatula sp. Sus Ses MISCELLANEOUS

Umbellula lindali Sus Ses Polychaete tube

CHORDATA Shell

Class Actinopterygii Sinker

Embassichthys bathybius Omn Mob Siphon

Liparidae Omn Mob BIOGENIC FEATURES

Lycenchelys sp. Omn Mob Bioturbation

Microstomus pacificus Omn Mob Burrow

Sebastolobus sp. Pre Mob Mound

Class Myxini Pit

Eptatretus stoutii Sca Mob Rock
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ABSTRACT 

INTRODUCTION 

The deep-water realm comprises around 60 % of the Earth’s surface.  It represents a region of dynamic processes but also one that is still poorly understood in comparison with shallower waters.  An understanding of the species composition, abundance and spatial distribution of organisms in the deep-sea is central to ecological studies of community stability and function (Lauerman et al., 1996). 
For these analyses, epibenthic megafauna are a particularly important factor.  These are organisms inhabiting the sediment surface that are large enough to be identified in photographs (typically ≥ 1 cm; Grassle et al., 1975).  Although less numerous and diverse than the meio and macrofaunal components of the ecosystem, epibenthic megafauna significantly contribute to deep-sea benthic biomass and may also represent significant energy reserves in the system (Walker et al., 1987a, 1987b).  The majority of these organisms rely on inputs of organic matter from surface waters as a food source; predominantly in the form of particulate organic carbon (POC).  They play a major role in the subsequent burial, degradation and recycling of organic carbon (Ståhl et al., 2004), and the importance of the deep ocean benthic community in the entire carbon cycle process has been stressed (Smith et al., 2009).
However, to properly assess the contribution of deep ocean benthic communities, both in their immediate habitat and in adjacent waters, it is necessary to employ studies with a wide temporal range.  The most reliable examples of such time-series analyses come from Station M in the northeastern Pacific Ocean (4100 m; Smith & Druffel, 1998) and the Porcupine Abyssal Plain (PAP) in the northeastern Atlantic Ocean (4800-4850 m; Billiet et al., 2001).  Since 1989 and 19XX respectively, the epibenthic communities at these  sites have been demonstrated to radically change over time (Lauerman et al., 1996; Lauerman & Kaufmann, 1998; Billiet et al., 2001; Ruhl, 2008).  In the NE Pacific, these fluctuations in community structure have been linked to interannual variations in climate caused by the El Niño/ La Niña effect, affecting the import of organic matter to the deep sea (Ruhl & Smith, 2004).  Similar implications regarding food supply as an environmental forcer on the abyssal benthic community have been drawn from the PAP (Wigham et al., 2003).  These highlight the dependence of deep ocean benthic communities on particulate organic matter flux from surface waters; a particularly important consideration due to the increased warming and acidification of the ocean (REFS). 
In light of the potential effects of these anthropogenic stressors, it becomes especially important to further our sampling efforts to fully understand the influence of different climatic patterns on deep ocean ecosystems.  The Monterey Canyon is a particularly interesting site to study due to the presence of the Monterey Accelerated Research System (MARS).  This cabled observatory allows equipment to be connected to a power source at 891 m depth, preventing the need for prolonged, costly ship time.  In this study, 43 photographic transects over 76 days were conducted by the Benthic Rover around the MARS site of Monterey Canyon.  The images were used to determine the species composition, abundance and distribution of the epibenthic megafaunal community in this area.  
MATERIALS AND METHODS 

STUDY SITE
Analyses were conducted on Smooth Ridge in Monterey Canyon, an area around 25 km west-northwest of Monterey (Fig. 1; Greene et al., 2002).  The Ridge has an approximately 3 km wide neck which connects it to the Santa Cruz shelf at around 150 m depth.  From here it gently slopes down to around 2000 m depth forming a plateau on the continental slope.  The Ridge is predominately covered with fine, muddy sediment, although occasional areas of harder sediment and carbonate rocks can be encountered (REF – from website). 
[image: image2.emf]
Fig. 1.  The location of the Smooth Ridge in the Monterey Canyon, the MARS scientific node and beginning of the Benthic Rover transects is indicated by the orange star.
DATA COLLECTION

The Benthic Rover (Fig. 2) is a bottom-transecting vehicle that was deployed from the R/V Point Lobos during October – December 2009 (see Sherman & Smith, 2009 for details of the mechanical aspects of the Rover).  The vehicle was connected to the Monterey Accelerated Research System (MARS) scientific node using the ROV Triburon and began transects from this site (32°42´N, 122°11´W).  Over 76 days, the Rover travelled 156 m in a straight line heading 330° at approximately 900 m depth.  A high resolution digital survey camera mounted on the front port side of the vehicle was used to capture oblique images of the sea floor; illumination was provided by a 200-W-s strobe mounted on the front starboard side.  A total of 37 photographic transects were completed and 187 images obtained.  On average, the Rover moved 1 m per image which created an area of overlap between successive images allowing for a continual photographic transect of the sea floor.  However, as the movement of the Rover was occasionally erratic, a clear, linear overlap between images was not always achieved.  
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Fig. 2.  A side view of the Benthic Rover showing (a) the high-resolution digital camera aimed at the sea floor and (b) a 200-W-s strobe to illuminate the digital images (from Sherman & Smith, 2009).
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images

1 2-Oct-09 3 -

2 3-Oct-09 8 6

3 4-Oct-09 13 6

4 5-Oct-09 18 6

5 8-Oct-09 23 6

6 9-Oct-09 28 6

7 10-Oct-09 33 6

8 12-Oct-09 38 6

9 14-Oct-09 42 5

10 16-Oct-09 46 5

11 17-Oct-09 50 5

12 18-Oct-09 54 5

13 19-Oct-09 58 5

14 20-Oct-09 61 4

15 22-Oct-09 65 5

16 23-Oct-09 69 5

17 24-Oct-09 73 5

18 25-Oct-09 77 5

19 26-Oct-09 81 5

20 27-Oct-09 85 5

21 30-Oct-09 89 5

22 30-Oct-09 93 5

23 31-Oct-09 96 4

24 1-Nov-09 99 4

25 4-Nov-09 103 5

26 5-Nov-09 107 5

27 7-Nov-09 111 5

28 8-Nov-09 115 5

29 9-Nov-09 119 5

30 10-Nov-09 123 5

31 12-Nov-09 127 5

32 13-Nov-09 128 -

33 14-Nov-09 129 -

34 15-Nov-09 130 -

35 17-Nov-09 133 4

36 21-Nov-09 137 5

37 22-Nov-09 141 5

38 23-Nov-09 145 5

39 24-Nov-09 149 5

40 30-Nov-09 153 5

41 3-Dec-09 156 4

Total: 187


METHOD DEVELOPMENT FOR PHOTOGRAPHIC ANALYSIS

Digital images were analysed using the Monterey Bay Aquarium Research Institute’s (MBARI) Video Annotation and Reference System for images (iVARS).  In preparation, the VARS query system was used to collate a number of good quality images for all species that had previously been recorded from the study area.  These were preliminarily used as an aid to initial annotations and were then XXX (Linda – did you say earlier that these images could be used again?).  
It was first necessary to construct a methodology for image analysis from the Benthic Rover on this software.  This was achieved by logging all the steps involved, problems encountered, duration of tasks etc.  In all cases, organisms were annotated to the lowest taxonomic level possible.

DATA ANALYSIS

For each taxonomic group (i.e. the lowest taxonomic level of identification possible for each organism), the total abundance from all transects and the mean abundance per transect were calculated.  Detrital aggregates were excluded from the analysis as they were not part of the living community.  The Bray-Curtis similarity index was conducted on mean abundance data after it had been log(x+1) transformed to reduce the effect of highly dominant taxa.  This index was calculated for each pair of transects, based on the similarity of the biological communities they contained, on a 0-100 (dissimilar-identical) scale and the resulting values were organised into a lower triangular matrix.  This similarity matrix was then used to construct non-metric multidimensional scaling (MDS) ordinations where each transect was plotted according to their relative similarity (i.e. two transects with very similar communities would be closer on the map than two with dissimilar communities).  Both 2 and 3-dimensional plots were constructed and the stress value calculated from the MDS algorithm gave an indication of the adequacy of the MDS plot in each case.  A hierarchical agglomerative clustering technique was employed to find ‘natural’ groupings of transects based on their MDS ordination.  These analyses were conducted using the statistical software program PRIMER-6 (Clarke & Gorley, 2006).
RESULTS 
METHODOLOGY FOR IMAGES ANALYSIS 

A stepwise methodology for image analysis using the iVARS software was created (see Appendix I).  This has highlighted a number of suggested changes to the iVARS system which are detailed below:
1. The ability to zoom in on the annotation window;

2. The ability to hide annotation crosses so objects can be easily seen and discussed;

3. Prevent the selector jumping down to the bottom of the list of images after an annotation is deleted.
ABUNDANCE AND SPECIES COMPOSITION AT MARS SITE
A total of 187 images from 37 transects were analysed (Table 1).  Overall, 28 species groups (i.e. lowest taxonomic level of identification possible) from 6 different animal phyla were observed (Table 2).  Frequent observations of dead, sunken Phyllospadix, detrital aggregates and shell fragments added to the heterogeneity of the sediment surface.  However, detrital aggregates and biogenic features (e.g. biotraces, pits, mounds, burrows) were infrequent.
Of the 6 animal phyla, cnidarians demonstrated a much greater total abundance than molluscs, chordates, arthropods or annelids (Fig. 3a).  When the total abundance of each species group was then categorized by feeding strategy and mobility type, suspension feeders and sessile organisms were seen to dominate the assemblage (Figs. 3b and 3c).

A more detailed examination of the four dominant species groups (Funiculina sp., Umbellula lindali, Isoscyonis sp. and Actinostolidae) showed a fairly consistent abundance throughout all transects (Fig. 4).  Indeed, apart from two transect in which no Actinostolid species were observed, these four species were encountered in every transect analysed.  The overall dominant species, Funiculina sp., was annotated in all 187 images.  Individuals from less common species were observed (Fig. 8), including evidence of Solaster borealis at a much greater depth than the current maximum range reported in the literature (REF). 
The Bray-Curtis analysis showed the biological communities throughout all transects had a similarity level between 78.97 and 92.43.  Only one, relatively dispersed cluster was formed on the 2 and 3-dimensional MDS plots (Figs. 5 and 6), although clustering appears slightly stronger using the 3-dimensional ordination.  This difference in clustering density between the two MDS plots is highlighted by the lower stress value from the latter figure of 0.18 compared to 0.26.  This value highlights the adequacy of the MDS ordination, with a lower value reducing the possibility of misinterpretation.  In this case, both stress values indicate a potentially useful MDS result (Clarke & Warwick, 2001).  The single cluster seen in both plots did not permit further analyses that are often seen in the literature (e.g. ANOSIM).  Data obtained from the MARS CTD probe indicates that both temperature (°C) and salinity remained relatively stable in the region throughout the study (Fig. 7).  
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Fig. 3.  Total number of organisms observed from study site categorized by: (A) phyla, where Cnid = Cnidaria, Gast = Gastropoda, Chor = Chordata, Arth = Arthropoda, Echi = Echinodermata and Anne = Annelida; (B) feeding strategy, where Sus = suspension feeder, Det = detritivore, Omn = omnivore, Pre = predator and Sca = scavenger, and (C) mobility, where Ses = sessile and Mob = mobile.  See Table 2 for details of species within each grouping.  
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Fig. 5.  2-dimensional MDS plot using log(x+1) transformed data, stress value = 0.26.  Contours show the Bray-Curtis similarity index.  

[image: image11.emf]
Fig. 6.  3-dimensional MDS plot using log(x+1) transformed data, stress value = 0.18.  
[image: image12.emf]33.5

34.0

34.5

35.0

2

4

6

8

10

1 4 7 10 13 16 19 22 25 28 31 34 37

Salinity

Temperature 

°

C

Transect number


Fig. 7.  CTD measurements for each transect from the MARS probe, Monterey Canyon; the solid line indicates temperature (°C) and the dashed line indicates salinity.
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Fig. 8.  Uncommon species around the MARS site observed in this study: (A) Anthoptilum grandiflorum, (B) Solaster borealis, (C) Liparidae and (D) Opisthuteuidae. 

DISCUSSION 

The study area was numerically dominated by sessile, suspension feeding cnidarians, in particular the pennatulids Funiculina sp. and Umbellula lindali which were observed in every image.  This indicates that the relatively stable, soft sediment habitat of the Smooth Ridge in Monterey Canyon is a particularly good habitat for these organisms.  However, the predominant sediment type in the region may have caused an underrepresentation of burrowing animals (e.g. echinoderms).  Traces of the heart urchin Briaster sp. were occasionally observed in the sediment, as were ophiuroid arms, however as these were very difficult to discern from the images they were not included in the annotations.  Sediment samples would be necessary to better estimate the abundance of these organisms in the area.  Avoidance behaviour may also have been employed by more mobile species (e.g. Chionoecetes tanneri, Microstomus pacificus) which would have resulted in underestimation of their true densities.  However, as individuals observed in successive images frequently appeared to have moved very little, it is likely that they were not disturbed by the presence of the Rover.  It must also be considered that the Rover attracted organisms during stationary periods between transects.  Mobile epibenthic megafauna have been observed in greater densities around other scientific equipment in the area (personal observation) although this is likely to have only affected the first image from each photographic transect.  The complete absence of certain species (e.g. sponges, tunicates) that require a hard substrate for attachment can again be attributed to the soft sediment type found throughout the region.

The consistency of this benthic assemblage across the entire path taken by the Rover is highlighted by the community similarity analyses.  The Bray-Curtis index was > 75 for all transects and the cluster analysis of the 2-dimensional MDS plot did not produce distinct groups of the transects.  Taking into account the uniform sediment type over Smooth Ridge and the relatively stable temperature and salinity values that were obtained for the region, the homogeneous nature of the benthic community structure may be explained.  Furthermore, a similar pattern can be expected throughout the Smooth Ridge at this depth; investigating possible changes in species composition and abundance as a result of increasing or decreasing depth of occurrence on the Ridge would be an appealing next step.

Further studies of this site over time would also allow for potential temporal variability patterns in the community structure to be assessed.  Such patterns have been observed at abyssal sites in the NE Pacific and NE Atlantic Oceans (Smith & Druffel, 1998; Billiet et al., 2001) and it would be intriguing to see if similar changes were observed at this much shallower site.  Conducting time-series analysis would also highlight the influence of fluctuating climatic conditions in the region on an interannual or seasonal scale and how this effects the import of organic carbon to deeper regions.  This would allow a better understanding of the linkages between the benthic community at 900 m and the shallow water processes in the Monterey Canyon.
These studies would further be of importance to future experiments carried out at the MARS site.  An enhanced appreciation of the ecosystem dynamics and the processes connecting Smooth Ridge with adjacent, shallower waters may help distinguish the effects of future anthropogenic impacts.  Although the MARS site is within the Monterey Bay Marine Sanctuary, the effects of ocean warming and acidification will still be felt in these waters (Halpern et al., 2008; Doney et al., 2009).  The severe impacts these changes are likely to have on surface waters and how this will feed through to the deep ocean is an extremely important area for future research.  
CONCLUSIONS/RECOMMENDATIONS 
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APPENDIX I: Methodology for image analysis using iVARS

STAGE 1: Preparation of images

· Compile a directory of images to be analysed by copying images from appropriate cruise folder;

· Create a Photoshop batch action to brighten the TIFF images by 120%;
· Create a Photoshop batch action to convert the images from TIFF to JPEG file type 

STAGE 2: 

The UNIX timecode for each image is embedded in the file name, however iVARS lists images by their GMT time.

· Extract the timecode from the filename (e.g. transit_1254583342.83.jpg);

· Insert timecode into online conversion tool (Fig. XX; www.converteverything.com/conversions/unix_time.htm);
· Create spreadsheet to allow easy referral between UNIX and GMT time.

 [image: image14.png]



Fig. XX.  Screen shot of online tool for UNIX timecode conversion.

STAGE 3: basic iVARS annotation (see Fig. XX)

· The selected image (B) will appear on both screen 1 (A), double click on the image to open screen 2;

· Ensure annotation mode (D) is set to ‘DETAILED’ and camera direction (E) is set to ‘CRUISE’ on screen 1;
· Write object name into dialogue box (F) and use crosshairs to select object on screen 2 (G);

· Add any necessary associations (C);

· Only object with the ‘head’ in the camera frame should be included;

· Label anything unknown as ‘marine organism’;

· Include detritus (e.g. ‘shell’, ‘polychaete tube’, ‘Phyllospadix sp.’);

· Include topographic features (e.g. ‘pit’, ‘mound’, ‘bioturbation’, ‘burrows’);
· Delete original ‘object’ annotation when finished.
[image: image15.png]



[image: image16.png]



Fig. XX.  Screen shots from iVARS software: (A) screen 1, where A is the selected image, B is the list of images and annotations, C is associations, D is the annotation mode and E is the camera direction; (B) screen 2, where F is the dialogue box and G indicates an annotated object.
STAGE 4: detailed iVARS annotation (see Fig. XX)

· All objects in the top left and right corners of the image (area marked by the thick dashed line in Fig. XXa, object highlighted green) should be given the comment “Out of ROV transect”.  These annotations may then be removed for future comparisons with ROV data.
· Any objects present in more successive images must be marked with a reference number to ensure they are not counted twice.  The overlap between the two images in Fig. XX is marked by the thin dashed line.  A group of Isosicyonis are highlighted in both images by a yellow circle.
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Fig. XX.  Screen shots from the iVARS system showing the area to be marked “Out of ROV transect” and giving an example of overlap between successive images.
STAGE 5: Making corrections and exporting data

· Sort annotations (Fig. XXB) into alphabetical order, scroll down list to ensure all ‘object’ annotations have been removed;

· Double-check all organisms have been annotated to lowest taxonomic level possible;
· Export data to excel sheet;

· Sort through observations to remove all annotations with a duplicated reference number;

· Insert a column for all associations and comments used, place an ‘x’ to mark where these have been recorded;
· Delete ‘Associations’ column.
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Table 1.  Transect data for Benthic Rover deployment from MARS scientific node on Monterey Canyon.





Table 2.  Summary of annotations a.





a  where  Sus = suspension feeder, Det = detritivore, Omn = omnivore, Pre = predator and Sca = scavenger,  


Ses = sessile and Mob = mobile.     








Fig. 4.  Mean abundance of the four most dominant taxa per transect from the study area: (A) Funiculina sp., (B) Umbellula lindali, (c) Isosicyonis sp. and (D) Actinostolidae.  Error bars show the standard error around the mean. 
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