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1. Context and approach  
The methodology described in this document is aimed at supporting estimates of biogenically-generated reef 
sediment production on Indian Ocean coral reefs (although many of these methods are also appropriate for Pacific 
reef assessments). The methodologies described relate to those taxa and processes that have been reported to 
be the dominant sediment contributors to reef, beach and island systems in the Indian Ocean region. Whilst the 
relative abundance of specific sedimentary constituents inevitably varies between locations and habitats (Gischler 
2006), the major sediment constituents in reef-island sediments in this region have been shown to be coral, 
Halimeda spp., crustose coralline algae (CCA), molluscs (bivalves and gastropods), and benthic foraminifers, 
with echinoid tests and spines as a variably important secondary component (Perry et al. 2015; East et al. 2016; 
Jorry et al. 2016). It is this suite of regionally relevant taxa which directly or indirectly contribute to the production 
of these sediment constituents, that are the focus within this approach.   
 
SedBudget has thus been set up to provide a framework for estimating rates of sediment generation from these 
major taxa that facilitate the release of biogenic sedimentary constituents within coral reef habitats. It is also 
designed to provide estimates of the contributions to different sediment grain-size classes within the pebble grade 
and below size classes (i.e., <64 mm based on the Udden-Wentworth grain size classification). The approach is 
broadly similar to that used in the ReefBudget system (Perry et al. 2012; Perry et al. 2018) in that it is census-
based and the underpinning metrics are user-adaptable. In the case of SedBudget, benthic producer data is 
collected from replicate (n=10) 0.5 x 0.5 m quadrats placed at 1 m intervals i.e., with a 0.5 m spacing between 
each, along 10 m long transects (these can be conducted along the same transects as ReefBudget surveys where 
those are also being undertaken). A benthic data entry spreadsheet is needed for each transect line (e.g., Site X, 
transect 1). Fish census data should be collected from belt transects positioned in close proximity to the benthic 
survey lines, with data for relevant fish recorded in a separate spreadsheet (only one spreadsheet is needed for 
each study site). Site location, transect number, GPS coordinates and any other relevant site notes (depth etc) 
should be entered in the first tab of the data entry spreadsheets (óOverviewô). After surveying and spreadsheet 
data entry, data from the óSummary dataô tabs from the sheets for both the benthic (multiple sheets per site) and 
fish survey (single sheet per site) then need to be copied to a habitat/site-level master summary spreadsheet 
(e.g., Site X master summary sheet), which is set to accommodate data from up to six transect lines. 
 
For each study site, the following three spreadsheets are thus required: 

¶ óIndian Ocean ï SedBudget benthic data entryô sheet 

¶ óIndian Ocean ï SedBudget fish data entryô sheet 

¶ óIndian Ocean ï Master summary sheetô 
 
It is strongly recommended that a master copy of the benthic data entry sheet is set up at the start of 
each project and populated with details of as many of the relevant taxa (and any necessary underpinning 
metrics) known to be present in a study area. Copies for each site can then be made as needed. This 
speeds up the post-fieldwork data entry process considerably, with any additional (rare) species 
encountered only needing to be added on an ad-hoc basis for any given transect. 
 
Although 10 quadrats are recommended per transect line the data entry tabs are set up to accommodate 
<10 quadrats where transects could not be completed for logistical/time reasons.  
 
Notes:  
1. At present the method only provides estimates of sediment generation associated with either the release of 

carbonate as a by-product of bioerosion or that associated with the post-mortem direct input of skeletal (i.e., 
shelly) material. Inputs associated with physical framework damage from waves or storms (coral rubble 
generation etc) cannot yet be accounted for as basic parameter data is absent, although these physical 
processes primarily generate material of >64 mm in size. 



3 
 

2. Efforts to develop methodologies to account for inputs that are at present challenging to constrain due to a 
paucity of underpinning data, e.g., from branching crustose coralline algae, articulated red coralline algae, 
echinoid tests and spines, are on-going and will be added to future revised versions.  

3. This initial iteration of SedBudget should thus be seen as a first step to developing this important field of 
enquiry, and at the end of this handbook we highlight those taxa and processes for which we consider 
methodological developments/refinements to be most urgently needed. Inputs and ideas for adaptation from 
the user community are most welcome and we encourage you to get in touch via email: c.perry@exeter.ac.uk 

4. Potentially useful taxa and species guides to support in situ surveys are listed in Appendices 2-7.  
5. Aligned methodologies for the Caribbean and Pacific regions are currently under development. 
 
Equipment. The following items are needed to complete the surveys as recommended. 

¶ 10 m transect line 

¶ 0.5 x 0.5 m quadrat  

¶ Short (~1 m) flexible measuring tape 

¶ 15 cm ruler 

¶ Underwater camera 

¶ Dive slate and pencil 

¶ Small hand-held sieve (2 mm mesh size) and plastic sampling beaker 

¶ 3 x 25 ml falcon tubes per transect for sediment samples for foraminifera analysis 

¶ Any necessary species ID sheets for in-water identification. 
 

 
 

Figure 1. Cartoon illustrating the approaches used in data collection and the main equipment items needed 
(inset shows quadrat and spacing of profile survey lines). Quadrats can be placed at intervals either along the 

same transect side (as shown in figure) or in a checkerboard style if deemed more appropriate to the site. 
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2. Field approach and data collection 
The following section provides an explanation of the recommendations for data collection and spreadsheet data 
entry. Note that it is recommended that fish surveys within the study area are conducted prior to benthic transect 
work being started in order to minimise disturbance to the fish. Below, we thus describe the fish data collection 
approach first, and then that for the benthic data collection.  
 
2.1 Fish data collection 
 
2.1.1 Parrotfish. Estimates of sediment generation by parrotfishes are based on the same underlying approaches 
used for bioerosion rates in the ReefBudget methodology (Perry et al. 2012), the rationale for this being that there 
is no evidence of intestinal dissolution of ingested reef substrates in the guts of parrotfishes, and so bioerosion 
rate can be taken as a proxy for sediment generation (Perry et al. 2020). These erosion (and thus sediment 
generation) rates (in kg CaCO3 m-2 yr-1) are based on empirical data that has been collected for a wide range of 
parrotfish species and use measures of bite rates, proportions of bites leaving scars, and scar volumes by species 
and body size (see Lange et al. 2020 and ReefBudget homepage for a summary). For sediment production 
estimates, it is also necessary to factor in the proportions of sediment produced in different sediment grain-size 
classes. For this, use is made of existing published data for a range of Indo-Pacific fish species (Hoey & Bellwood 
2008), which more recently (Yarlett et al. 2021) also factor for different size classes of fish. These data currently 
exist for several Scarus spp. and Chlorurus spp. in the Indo-Pacific region, although either sister- or closely 
functionally-related species (see Choat et al. 2012) or mean genera-level data are necessarily applied in many 
cases. Further data collection for a wider range of species would be a useful future area of research.   
 
An additional aspect of the release of sedimentary carbonate from parrotfishes is that the composition of the 
excreted faecal material also reflects the substrates on which the parrotfishes feed. This is mostly coral substrate, 
but not entirely so. Account thus also needs to be made for this to support estimates of the types of carbonate 
sedimentary particles being generated. In this context, use can be made of data based on thin-section or electron 
microscopy analysis of the composition of the material excreted by a range of species and size classes of 
parrotfishes. For example, Yarlett et al. (2021) showed that this excreted carbonate averages ~95% coral and 
~5% CCA (other constituents are minimal). 
 
2.1.2 Triggerfishes and pufferfishes. In addition to the well documented processes of sediment generation by 
parrotfishes, some species of both pufferfishes and triggerfishes can generate coarse sand to pebble grade 
sedimentary material through physical breakage of reef framework (Guzman and Lopez 1991, Glynn and 
Manzello 2015). This occurs either whilst fish are feeding on coral (pufferfishes) or whilst foraging for cryptic 
invertebrates (triggerfishes) (Perry et al. 2022). Estimates of sediment generation by triggerfishes and pufferfishes 
can thus be made based on similar conceptual approaches that inform estimates for parrotfishes, i.e., based on 
data on annual sediment generation rates for fish of a given species and size class, and the size class fractions 
of sediment generated. Thus, in the field, data on the numbers of fishes and their sizes can also be collected from 
belt transect surveys or using stationary Underwater Visual Census (UVC) methods (see field data collection 
description below). Resultant estimates of sediment generation are then based on species-specific erosion-rate 
data and on the sizes of material generated. It is important to note that estimates of sediment production rates by 
pufferfish and triggerfish are based on what limited data currently exists and, as this is not extensive, no relation 
can yet be made between sediment production and fish size. Similarly, sediment grain-size generation data are 
only semi-quantitative (Glynn 1972; Alvarado et al. 2017), but what data does exist is used here. 
 
Field data collection: Data on the numbers of each parrotfish, pufferfish and triggerfish species (and for 
parrotfish their life phase) and size class (currently collected in size bins; 11-20 cm, 21-30 cm, 31-40 cm, etc) are 
collected from a survey area close to the benthic transects in a given study location ï either along belt transects 
(e.g., 30 x 5 m) or using a stationary UVC methodology. 
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Data entry: Data on the numbers of each species present (by size class and, additionally for parrotfish by life 
phase) are then entered into the óFishô tab (see Fig. 2) of the óSedBudget fish data entryô sheet. The spreadsheet 
is set up to accommodate data from up to 6 survey transects. Information on the number of transects and the 
transect survey area (m2) should first be entered top left of sheet (see Fig. 2) with data then entered below on the 
numbers of each species, life phase and size class recorded.  
 

 

 
 

Figure 2. Census-data entry section for parrotfish in the óFishô data entry tab. Pufferfish and triggerfish data are 
entered in the same tables beneath the parrotfish for each transect.  

 

These data will then generate an estimate (middle set of tables on the óFishô tab ï see Fig. 3) of total sediment 
generation by each species for a given transect, and then in the right hand set of tables (see Fig. 4) estimates of 
the amount of sediment generated within different sediment grain-size classes. The metrics underpinning these 
calculations are provided in the óFish metricsô tab and are user-changeable where local datasets exist. The 
óSummary dataô tab then provides total transect level rates of sediment production for each fish group by grain-
size fraction class (highlighted in the orange rows; Fig. 5). These data can then be copied across manually into 
the óFish-derived sedimentô sections of the óIndian Ocean ï Master summary sheetô (see Fig. 6). 
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Figure 3. Sediment production section of the óFishô data entry tab. 
 
 
 

 
 

Figure 4. Sediment production by grain-size class fraction section of the óFishô data entry tab. 
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Figure 5. óSummary dataô tab with production rates autocompleted from each transect. These data (highlighted 
in orange) should then be manually copied across to the site-level óIndian Ocean ï Master summary sheetô (see 

Fig. 6 below). For the fish data the entire summary data above can be copied across as one block. 
  

 
 

Figure 6. óIndian Ocean ï Master summary sheetô data entered for parrotfish, pufferfish and triggerfish. 
 
 
 
 
 
 



8 
 

2.2 Benthic data collection 
 
2.2.1 Benthic composition and rugosity. In order to provide benthic data for contextualisation of the sediment 
generation data, and to provide metrics that feed into some of the sediment generation estimates, basic benthic 
cover and substrate rugosity data should first be recorded for each quadrat. It is recommended that a photograph 
of each quadrat is taken initially for any subsequent data verification/checking. Each quadrat should then be 
examined to quantify the relative % cover of the following major substrate categories: live coral, dead coral 
w/coralline algal (CCA) crust, dead coral w/ turf, macroalgae, coral rubble, sand and seagrass. This can either be 
done visually in the field with the aid of a visual % cover estimator chart (see Appendix 1), or post-surveying by 
point counting benthic categories in quadrat images (e.g., using the Freeware software JMicrovision, CPCe, 
CoralNet). In addition, an estimate of mean substrate rugosity should be made for each quadrat by measuring 
over the surface profile of the quadrat (using a flexible ~1 m long tape measure and ensuring that the tape 
conforms to the surface of the substrate) at three equidistant points (see Fig. 1, inset). Rugosity is then calculated 
as the profile measure divided by the width of the quadrat (50 cm).  
 
Data entry: These % cover estimates and profile measurements (Profile measure 1, Profile measure 2 etc) should 
be entered into the óSubstrate metricsô tab (Fig. 7) of the óIndian Ocean ï SedBudget data entryô sheet and are 
automatically pulled across into the sediment production sheets and where relevant to production estimates, e.g., 
for endolithic sponges. The mean rugosity and % benthic cover data are also automatically pulled across into the 
final óSummaryô tab (Fig. 8) and these can then be copied across manually into the separate óIndian Ocean ï 
Master summary sheetô (Fig. 9). 
  

 
 

Figure 7. óSubstrate metricsô tab for estimating benthic cover and substrate rugosity. 
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Figure 8. óSummary dataô tab with benthic metrics at the top. 
 

  

 
 

Figure 9. óIndian Ocean ï Master summary sheetô showing copied transect level benthic cover data at the top. 
 
2.2.2 Urchins. Estimates of sediment generation by urchins are also based on the same underlying principles 
used in the ReefBudget methodology for bioerosion (Perry et al. 2018), that being the collection of data on urchin 
species and test sizes. A number of studies have quantified substrate erosion rates for different urchin species 
and test size classes (e.g., Bak 1990; Griffin et al. 2003; Alvarado et al. 2016), based either on the collection of 
faecal pellets produced per individual per unit of time or on gut content analysis. The resultant bioerosion rate, 
which is calculated as a function of established relationships based on test size, can then be taken as an estimate 
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of the total sediment generation rate (kg CaCO3 m-2 yr-1). There is again a further need to also consider the 
proportion of sediment produced in different sediment grain-size fractions. Such data for urchin sediment 
production is not extensive. In the Indian Ocean region, data for specimens of different test sizes only exists for 
the species Echinometra mathaei (Chazottes et al. 2004). Thus, additional data from across a wide range of test-
size classes of the species Diadema antillarum and for small Echinometra lucunter collected from the Bahamas 
(Hale et al. in prep) are currently applied to the most relevant Indian Ocean counterpart species to provide current 
best estimates of the proportion of sediment generated in different grain-size classes. 
 
As for parrotfishes, an additional aspect of the release of sedimentary carbonate in excreted faecal material 
relates to the substrates on which the urchins feed. Only a couple of known studies have examined this issue. 
Hunter (1977) showed that Diadema antillarum faecal pellets comprised on average ~47% coral and 53% CCA 
grains, while work by Chazottes et al. (2004) on Echinometra mathaei showed that faecal pellets comprised on 
average ~61% coral, 35% CCA, and ~4% óotherô grains (mostly foraminifera and molluscs). Additional data for 
different species and size classes would thus be a useful future area of research for urchins as well, but for now 
the existing sediment size percentages are used within the óIndian Ocean ï Master summary sheetô to estimate 
the proportional contributions to coral and CCA particle generation by urchin erosion. 
 
NB. For urchins there is a pressing need to develop a methodology to additionally support estimates of sediment 
inputs from urchin tests and spines since they can sometimes be common in reef sediment. Ideally this needs to 
factor for all urchin species in a habitat and not just the bioeroders. Methodologies based on assessments of 
urchin test size as a function of age/growth rates and test and spine CaCO3 content are thus currently being 
explored. 
 
Field data collection: Counts should be made of every urchin within each quadrat along each transect. These 
data should be recorded for each species in the relevant size-class bins (0-20 mm, 21-40 mm, 41-60 mm, etc). 
 
Data entry: Data are then summed over all quadrats along the transect and entered into the relevant tab of the 
sediment production template ï óUrchinsô (see Fig. 10). The transect number, the number of quadrats counted 
and the quadrat survey area (m2) should be entered top left of sheet (see Fig. 10) with data then entered by 
species and test size-class bin. 
 

 
 

Figure 10. Census data entry section of the óUrchinsô data entry tab. 
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These data will then generate an estimate (at bottom of the tab ï see Fig. 11) of total sediment generation by 
urchins for the relevant transect and the mean proportional contributions to different sediment grain-size classes. 

The summary data are then autocompleted in the final summary tab (highlighted in the orange row) for each 
transect (see Fig. 8). These data can then be manually copied across into the benthic producer section of the 
óIndian Ocean ï Master summary sheetô (Fig. 12). 
 
 

 
 

Figure 11. Summary sediment production section of the óUrchinsô data entry tab. 
 

 

 
 

Figure 12. Benthic data entry section of óIndian Ocean ï Master summary sheetô. 
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2.2.3 Endolithic sponges. Endolithic sponges generate fine-grained óchipsô of sediment during the process of 
chamber excavation, and these are subsequently expelled into the surrounding water through their exhalent 
oscules. This bioerosion process thus provides a source of fine-grained (mostly <0.1 mm in size) carbonate 
sediment (Fütterer 1974) and various studies using experimental substrates have provided estimations of rates 
of endolithic sponge erosion (e.g., Tribollet & Golubic 2005; Osorno et al. 2012; Carreiro-Silva & McClanahan 
2012). Meaningful contributions to fine-grained sediment budgets can thus be assumed in environments where 
endolithic sponges are common. However, because the erosion process involves chemical substrate dissolution, 
bioerosion rates estimated based on techniques such as buoyant weight loss do not directly equate to a measure 
of sediment generation. Estimates of sponge-derived sediment generation thus require some understanding of 
the proportions of eroded substrate that is lost to dissolution during chamber excavation (the difference then being 
the remaining solid material that is expelled as sediment).  
 
Only limited data on this relationship exists, but published studies on Pacific species suggest that on average 
~35% of sponge eroded material is lost to dissolution (Nava & Carballo 2008; Zundelevich et al. 2007). This 
provides a basis for estimating sponge-derived sediment generation from experimentally-derived erosion rate 
data, which can be applied as a function of available erodible substrate per unit area (calculated here on the basis 
of proportional cover of dead in-situ coral and coral rubble). Published data on the grain sizes of sediment 
generated by endolithic sponges are equally sparse, but Fütterer (1974) provided an overview of the size-class 
contributions from one Pacific site, and unpublished data provided by Didier de Bakker also quantifies the 
proportional contributions made to different grain-size classes for a wide range of Caribbean sponge species. A 
mean of all data is presently applied to Indian Ocean estimates.   
 
Field data collection: Estimates of endolithic sponge-derived sediment generation rates for Indian Ocean sites 
are based on the proportion of available (to endolithic sponge exploitation) substrate in each quadrat (already 
entered in the óSubstrate metricsô tab) and to which experimentally derived published rates of erosion for the 
region are applied. Thus, beyond the substrate categorisation process and the selection of an appropriate annual 
erosion rate (from locally collected experimental data or from existing literature), no additional field data needs to 
be collected.  
 
Data entry: Estimates of endolithic sponge erosion are made by entering data into the relevant sediment 
production tab ï óEndolithic spongesô (see Fig. 13) as following: 
1. Record transect number and # of quadrats counted (top left of tab ï see Fig. 13). 
2. If possible enter a local or regional erosion rate (kg CaCO3 m-2 yr-1) (Column B, Row 14) ï this should ideally 
be an erosion rate for sponges only (not other endoliths such as worms or gastropods that do not generate 
sediment). It is likely that such rates will need to be drawn from published experimental bioerosion block 
deployments.  
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Figure 13. Census data entry section of the óEndolithic spongesô data entry tab. 
 
The tab will then generate an estimate (at bottom of the tab ï see Fig. 14) of the total sediment generation by 
endolithic sponges for the relevant transect and the mean proportional contributions to different sediment grain-
size classes. The summary data (highlighted in the orange row) are then autocompleted in the final summary tab 
for each transect (Fig. 8), and can then be copied across to the óIndian Ocean ï Master summary sheetô (Fig. 12).  
 
 

 
 

Figure 14. Summary sediment production section of the óEndolithic spongesô data entry tab. 
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2.2.4 Sediment generation by species of calcareous green algae. Various approaches have previously been 
used to estimate carbonate production of different calcifying green algae species including Halimeda spp., 
Penicillus spp., Rhipocephalus spp. and Udotea spp.. This has typically involved either sampling plants from 
known unit areas of reefs, staining and counts of plant segment production, and/or assessments of plant 
abundance and carbonate content (e.g., Neumann & Land 1975; Drew 1983; Mülter 1988; Payri 1988). These 
approaches have mostly involved some form of plant removal. The aim for SedBudget has been to limit destructive 
sampling where possible, whilst also building on aspects of the approaches used in these previous studies. In 
essence, estimates of green algae carbonate (and thus sediment) production require data on the abundance of 
plants per unit area of habitat, data on the carbonate content of each of those plants, and data on the annual 
plant turnover rate (number of crops per year) (see also Freile et al. 2004). The approach used here is thus based 
on the in-situ measurement of plant dimension metrics and supported by either published data or limited local 
data collection to parametrise the calculation of carbonate production rates. This specific method was first applied 
to Halimeda spp. (Perry et al. 2016) in the Maldives and then expanded to include species of Penicillus, 
Rhipocephalus and Udotea (Perry et al. 2019) in the Caribbean. For each group, species-specific relationships 
between plant biovolumes and carbonate content are used to estimate the amount of carbonate per plant per 
quadrat. This is comparable to approaches used to quantify biovolumes of corals (Naumann et al. 2009). Species-
specific crops-per-year data are then used to estimate annual production rates. In addition, data on the 
proportional contributions of the carbonate derived from each plant post-mortem to different sediment grain-size 
classes is needed.  
 
Note that in contrast to taxa considered up to this point in the methodology, for the calcareous green 
algae there is a need for users to select what they deem to be the most appropriate underpinning metrics 
to use e.g., on plant volume : carbonate content relationships, turnover rates etc. Data known to us are 
listed in the supporting metrics tab for each producer group (see Fig. 15 for an example for Halimeda), 
but users will need to select what they feel is the most appropriate data (or to collect new data at their 
sites of interest using relevant experimental approaches e.g., those in Perry et al. 2016; 2019). 
 
Halimeda spp.. Plant biovolume: Carbonate content relationship data has now been collected for several 
common species of Halimeda (and this and other available underpinning metrics are provided in the óHalimeda 
metricsô tab; see Fig. 15). Such data can, in full or in part, also be locally collected for specific species, or for those 
species for which no data currently exists, using the approach described in Perry et al. (2019). Where this 
approach is needed/preferred, the volumetric space or biovolume of Halimeda spp. can be broadly defined by the 
volume of an inverted elliptical cone, determined as: 
 
V = ӎ ́  a b h  
            
Where, a = the length of the minor axis (i.e., of the minimum plant width), b = the length of the major axis (i.e., of 
the maximum plant width), and h = the height of the plant.   
 
The carbonate content of each Halimeda plant can then be determined based, first, on counts of the total number 
of segments in each plant and, second, by establishing the mean segment carbonate content. On this basis, an 
average relationship between plant volume and carbonate content can be determined and applied to data on 
plant dimensions collected in field surveys. This avoids the need to harvest all Halimeda plants in each quadrat. 
Published or locally collected crops-per-year data can then be used to make estimates of annual carbonate 
production rates (as described in Perry et al. 2016).  
 



15 
 

 
 

Figure 15. óHalimeda metricsô tab with site- and species-specific metrics used for the sediment generation rate 
estimates. 

 
Field data collection: Based on the above approach, data should be collected in the field on the primary plant 
dimensions (mm) that are needed to calculate plant volume, these being for each Halimeda plant present in a 
quadrat: the plant height (h) and the minimum and maximum plant widths (a and b, respectively). This information, 
including the species name, should be recorded for every plant within each 0.5 x 0.5 m quadrat along a transect 
line. Where plants intersect the edges of a quadrat they would be recorded and measured as being within the 
quadrat only if their holdfast is location inside the quadrat margins.  
 
Data entry: The transect number and number of quadrats examined should first be entered in the blue boxes on 
the top left of the tab (Fig. 16). A list of all species present within the study area should then be entered (Rows 11 
to 18; Fig. 16) along with, for each species present, the basic metrics on the plant biovolume: plant segment 
relationship (Column D), numbers of crops per year (Column G) and average segment carbonate content (Column 
J) (see Fig. 16). The available underpinning metrics can be drawn from the óHalimeda metricsô tab or can be 
determined locally where needed.  
 
Rows 23-30 should also contain data on species-specific proportional contributions of plants to different grain-
size fractions (available data is on the óHalimeda metricsô tab, or ideally can be collected locally).  
 
NB. It is most efficient to populate a location-specific master data entry sheet with the above information 
for all species present within a study area before starting the field data entry.   
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Figure 16. Section of the óHalimedaô data entry tab for entering underpinning species-specific metrics. 
 

Once the data entry spreadsheet has been populated with the underpinning metrics, the measured dimension of 
each plant per quadrat can be entered, using the species code number (Column C, Rows 11-18), and then the h, 
a, b dimensions (in mm) in Columns C-E respectively (see Fig. 17). The sheet is set up with 10 quadrats that can 
be populated with data, and sediment production rates and proportions of sediment in different size class fractions 
will be automatically calculated based on the principles described above. The summary of production and grain-
size contribution data (highlighted in orange row; Fig. 18) are then autocompleted in the final summary tab for 
each transect (Fig. 8), and can be copied across to the óIndian Ocean ï Master summary sheetô (Fig. 12).  
 
 

    
 

Figure 17. Census data entry section of the óHalimedaô data entry tab. 
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Figure 18. Summary sediment production section of the óHalimedaô data entry tab. 
 

Penicillus spp.. Data on plant biovolume: carbonate content relationships exist for a couple of common species 
of Penicillus (this and other available underpinning metrics are provided in the óPenicillus metricsô tab). However, 
where such relationship data is needed (for a site or species not presently analysed) a similar approach to that 
used for Halimeda spp. (above) can be used. For Penicillus spp. the growth morphology and the resultant 
volumetric space are best defined by the sum of the volume (V) of an inverted elliptical cone (for the head) and a 
cylinder (for the stem) (see Perry et al. 2019), which can be determined as: 
 

V = (ӎ ́  a b h) + (́ r2 s) 
          

Where, a = the length of the minor axis (i.e., of the minimum head width), b = the length of the major axis (i.e., of 
the maximum head width), h = the height of the head, s = height of the stem, and r = the radius of the stem 
(calculated in the spreadsheets from in-field measures of the plant diameter, d). 
 
The carbonate content (g) of each plant can then be determined based on weight loss of whole plants after 
treatment in acid (see Perry et al. 2019). On this basis, an average relationship between plant volume and 
carbonate content can be determined and applied to data on plant dimensions collected in field surveys. Published 
or locally collected crops-per-year data can then be used to make estimates of annual carbonate production rate 
(as described in Perry et al. 2016).  
 
Field data collection: Based on the above approach, data should be collected in the field on the primary plant 
dimensions (mm) that are needed to calculate plant volume, these being for each Penicillus plant present in a 
quadrat both the stem dimensions, i.e., stem height (s) and stem width (d), and the head dimensions, i.e., height 
(h), and minimum width (a) and maximum width (b) dimensions. This information, including the species, should 
be recorded for every plant within each 0.5 x 0.5 m2 quadrat along a transect line. Where plants intersect the 
edges of a quadrat they would be recorded and measured as being within the quadrat only if their holdfast is 
located inside the quadrat margins. 
 
Data entry: The transect number and number of quadrats examined should first be entered in the blue boxes top 
left of tab (Fig. 19). The data entry tab should then be populated with a list of the Penicillus species present within 
the study area (Rows 11 to 14; Fig. 19) and, accompanying this, for each species present, the following 
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underpinning metrics should be added: i) the relevant plant biovolume: carbonate content relationship (Column 
D), and ii) the number of crops per year (Column G) (see Fig. 19). These underpinning metrics can be drawn 
where available from the óPenicillus metricsô tab or can be locally determined where needed.  
 
Rows 19-22 should also contain data on the species-specific proportional contributions of plants to different grain-
size fractions (available data is on the óPenicillus metricsô tab, or can be locally collected).  
 
NB. It is most efficient to populate a location-specific master data entry sheet with the above information 
for all species present within a study area before starting the field data entry.   
 

Once the data entry spreadsheet has been populated with the underpinning metrics, the measured dimension of 
each plant per quadrat can be entered, using the species code (Column C; Fig. 19), and then the relevant plant 
stem and head dimensions (in mm) in Columns C-G, respectively (see Fig. 19). The sheet is set up to enter data 
for up to 10 quadrats, and from these sediment production rates and proportions of sediment in different size-
class fractions will be automatically calculated based on the principles described above. The summary production 
and grain-size contribution data (highlighted in orange row; Fig. 20) are then autocompleted in the final summary 
tab for each transect (Fig. 8) and can then be manually copied across to the óIndian Ocean ï Master summary 
sheetô (Fig. 12).     
 
 

 
 

Figure 19. Census data entry section of the óPenicillusô data entry tab. 
 
  


