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1. Overview of the Need for Urban Shoreline Assessment 

These protocols were developed as a standard way to measure the habitat quality of urban 

shorelines, to serve the purposes of both establishing baselines and measuring change. The 

protocols enable comparison between conventional and emerging shoreline stabilization 

techniques in urban areas, so that in the future: 1) we may better understand the habitat quality 

associated with conventional techniques; 2) better understand the habitat quality associated with 

emerging techniques as they are implemented; and 3) therefore, better understand the ecological 

benefits associated with implementing alternative, ecologically-enhanced techniques of shoreline 

stabilization in urban areas.  

Natural estuarine shorelines perform beneficial ecological functions, which may include 

dissipation of erosive power in waves, filtration of suspended material from the water column, 

influencing sediment transport and stabilization, buffering the estuary from pollutants in runoff 

from land, detrital processing, nutrient cycling, acting as a nursery habitat for fish and roosting area 

for birds, and supporting both aquatic and riparian food webs (Defeo et al. 2009, Barbier et al. 

2011). Many of these functions are dependent upon the activities of resident biota and provision of 

beneficial functions may be facilitated by shorelines supporting diverse biotic communities within a 

range of microhabitats. Estuarine shorelines are particularly dynamic ecosystems, with a mosaic of 

microhabitats that differ in their availability of resources and abiotic conditions, owing to variable 

tidal influence, wave scour, substrate size and movement, supplies of sediment and wrack, and 

freshwater flows from upstream watersheds (Kennish 1986, Day et al. 1989, Thompson et al. 2002, 

Defeo et al. 2009). Estuarine shorelines support biotic communities in riparian, intertidal and 

subtidal habitats, with the extent of these habitats depending upon the tidal range and the slope of 

shoreline in each location.  

In temperate estuaries, the structure and functions of aquatic shoreline communities (i.e., those 

inhabiting intertidal and subtidal habitats) vary depending upon the size of the predominant 

sediment. Along shorelines with fine, unconsolidated sediments (e.g. silt and/or sand), benthic 

infaunal communities are typically dominated by suspension- and deposit-feeding bivalves, worms 

and crustaceans which burrow into the sediment (Kennish 1986, Day et al. 1989). Where the 

shoreline is composed primarily of larger and more fixed hard substrate (e.g. cobbles, boulders 

and/or bedrock) the benthic community is typically composed of mobile grazers and detritivores 

inhabiting exposed surfaces and crevices (e.g. crabs, shrimp, amphipods, snails, polychaete worms), 

suspension-feeding animals that attach to exposed surfaces of hard substrates as sedentary adults 

(e.g. bivalves, barnacles, tunicates, bryozoans) and encrusting algae (Day et al. 1989, Butler 1995, 

Levinton et al. 2006). Shoreline habitats also support larger carnivorous fauna, such as fish and 

birds, although these taxa are more mobile than invertebrates and only use shorelines for part of 

their lives (e.g. Able et al. 1999, Peterson et al. 2000, Maccarone and Brzorad 2005). As for other 

ecosystems, the biotic diversity of hard shoreline communities may be influenced by the availability 

of different microhabitats, the suite of conditions and resources occurring in each microhabitat and 

the adaptations of local biota (e.g. Huston 1994). However, more study is required to determine the 

types of ecosystems and context under which biological diversity is promoted by increased physical 

habitat heterogeneity at local scales (Palmer 2009). In addition to local habitat structure, 

communities on hard estuarine shorelines are also influenced by factors operating at scales that 

influence the entire watershed, such as climate, inputs of water-borne pollutants and fragmentation 
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limiting dispersal between structurally similar habitat patches (e.g. Dauer et al. 2000, Bilkovic et al. 

2006). 

In urbanized regions, shorelines with naturally fine sediment are often converted into 

engineered hard shoreline (Fig. 1) to protect human life and property from flooding, facilitate 

human access, deflect wave energy, reduce erosion and/or facilitate construction on land abutting 

waterways (Thompson et al. 2002, Charlier et al. 2005, Dugan et al. 2011). Given that many 

estuaries are highly populated and built-up, much of the world’s estuarine shorelines have been 
hardened (Airoldi et al. 2005). Traditional shoreline engineering was not designed with ecological 

values in mind (Chapman and Underwood 2011), most often being vertical concrete with minimal 

structural complexity (US Army Corp of Engineers 2004, Dugan et al. 2011). However, knowledge 

of the ecological values of shorelines has recently increased and there is growing international 

interest in rehabilitating shorelines to enhance their capacity to support resilient natural 

communities that will perform desirable functions. For example, in the New York – New Jersey 

Harbor Estuary region, ‘Shorelines and Shallows’ are identified as a ‘Target Ecosystem’ requiring 

restoration investment in the Hudson-Raritan Estuary Comprehensive Restoration Plan (US Army 

Corps of Engineers and the Port Authority of New York and New Jersey, 2009) and the 2013 Mid-

Atlantic Living Shoreline Summit brought together stakeholders to facilitate the advancement of 

shoreline research, restoration practices and policy. The increased interest in considering 

ecological value in the design of shorelines is also reflected in an expanding use of associated terms 

to describe such shorelines over the past decade (e.g. ‘Living Shorelines’, ‘Sustainable Shorelines’ 

and ‘Ecologically-enhanced Shorelines’). This increasing interest in rehabilitating the capacity of 

shorelines to perform beneficial ecological functions coincides with much engineered shoreline 

infrastructure in the US reaching an age necessitating repair or rebuilding. Although it is often 

infeasible to return hardened shoreline habitats to their former fine sediments and/or low 

gradients, redesigning hard shorelines to reduce their slope, increase structural complexity and/or 

include more natural materials may have ecological benefits (Airoldi et al. 2005, Bulleri and 

Chapman 2010, Chapman and Underwood 2011). Further, predicted increases in large storms in 

some highly populated regions adjacent to coastlines and estuaries owing to climate change have 

led to increased desire to harden shorelines to protect buildings (Bulleri and Chapman 2010, City of 

New York 2013), despite evidence that soft infrastructure will be a more sustainable solution in the 

face of future storm surge and sea level rise (Coleman 2012). There is evidence that hardened 

shorelines can be built in such a way as to provide more ecological benefits than those supported by 

traditional designs (e.g. Chapman 2003, Bulleri and Chapman 2004, Browne and Chapman 2011, 

Hellyer et al. 2011).  

Shorelines designed to support resilient natural communities and desirable ecological functions 

include elements with enhanced structural complexity, such as precast concrete or gabion baskets 

filled with natural substrates (Goff 2010, NYC Parks and Recreation and Metropolitan Waterfront 

Alliance 2010, Chapman and Underwood 2011). However, the science used to inform such 

shoreline rehabilitation designs is only in its infancy. There is considerable investment in 

rehabilitating estuarine shorelines, mainly fine-sediment habitats but also hardened urbanized 

infrastructure (Simenstad et al. 2005, Weinstein 2007). Designing and managing such rehabilitation 

efforts requires sound science, but most ecological rehabilitation initiatives are not adequately 

monitored to assess whether the original goals were met (Grayson et al. 1999, Palmer 2009). 

Inadequate monitoring precludes the ability to determine whether the original goals were realistic 

and to develop predictive frameworks to guide future restoration decisions (Palmer 2009). A 
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common goal of ecological rehabilitation is to increase biodiversity of native communities by 

enhancing local habitat values (Ehrenfeld 2000, Palmer 2009). To assess the relative capacity of 

different shoreline designs to successfully achieve this objective requires the development of a 

standardized suite of methods that can be used to assess the biodiversity occurring on hard 

shorelines varying in structural complexity. To be implemented across a wide range of shorelines, 

the methods need to be safe, cost effective, standardized, readily repeatable without specialized 

training and provide an ecologically meaningful assessment of habitat value.  

Macroinvertebrate communities are useful for assessing the life-supporting capacity of aquatic 

ecosystems (e.g. Downes et al. 2002). Estuarine macroinvertebrates communities are typically 

relatively diverse and consist of representatives from different phyla that differ in their life 

histories, use of habitats, diets, feeding habits, trophic level and resistance when exposed to 

pollutants (Day et al. 1989, Hauer and Resh 2006, Strayer 2012). This variability in traits causes 

different macroinvertebrate taxa to vary in their sensitivity to ecosystem disturbances (e.g. Conlon 

1994, Feldman et al. 2000, Downes et al. 2002). Owing to them being relatively sedentary, 

macroinvertebrates reflect the cumulative effects of human and natural disturbances that influence 

the local ecosystem over multiple timescales (Gibson et al. 2000). Further, given their proven utility 

in ecological assessments and the relative ease and cost effectiveness of sampling 

macroinvertebrate communities, there is a large database of information about the effects of 

disturbances on varying taxonomic groups (Gibson et al. 2000, Pinto et al. 2009). Measurement of 

the diversity and relative abundances of resident invertebrates provides direct evidence of the 

relative habitat value of shorelines differing in structural complexity and materials for different 

macroinvertebrate groups (e.g. Connell and Glasby 1999, Diaz et al. 2004, Chapman and 

Underwood 2011). The relative habitat value of shorelines will be influenced by the effects of local 

habitat complexity, watershed-scale processes and regional climate on localized conditions, 

resources and connectivity to source populations. 

A range of methods have been used during previously published studies to assess the habitat 

values of hard shorelines for estuarine invertebrates, including intertidal quadrats or transects, 

subtidal photoquadrats, subtidal diver visual census, scrapes of biota from a defined area and 

colonization of submerged settlement plates  (Table 1). Most of these methods were designed for 

use to address particular research questions using shorelines in a priori defined locations for each 

study, as opposed to being developed for a repeatable protocol intended for use across a wide 

range of hard shoreline designs. The methods listed in Table 1 have proven useful for assessing 

shoreline communities in the particular locations for which they were designed. However, except 

for settlement plates, all of the methods require direct access to shorelines. This is often difficult 
and hazardous on steep to vertical urban shorelines. Also, except for scrapes, each method is only 

designed for the assessment of mobile or sessile communities, rather than assessing both of these 

hard shoreline associated communities. Accurate assessments of subtidal communities from 

photoquadrats is not possible along shorelines with highly turbid water, as occurs in some highly 

urbanised estuaries where shoreline hardening is common. To overcome these limitations of 

previously used hard shoreline assessment methods, a colonization device was designed to allow 

assessment of the mobile and sessile communities occurring in the subtidal region of a wide range 

of hard shorelines in highly urbanized estuaries. This manual describes the methods used to: 

construct, deploy and retrieve the colonization devices; and, process and identify the mobile and 

sessile invertebrate communities that colonize each device. The colonization device and associated 

methods described in this manual were designed to be useful in assessments across a wide range of 
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hard shorelines, to facilitate comparison of the relative habitat values of different hard shoreline 

designs in urbanized estuaries. 
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Figure 1: Representative engineered hard shoreline types from New York City Harbor: a) concrete 

seawall in Harlem River, b) boulder riprap during low tide at Brooklyn Bridge Park, East River, c) stone 

wall at Randall’s Island, East River, and d) gabion baskets filled with cobbles and oyster shell at West 

Harlem Piers Park, Harlem River. 
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Table 1: Methods used in previous published studies to compare the relative habitat values 

of natural and engineered hard shorelines along coastlines or estuaries for different aquatic 

community types. These methods were designed for use in addressing the specific research 

questions of each study, not for use in a repeatable protocol.  

Habitat Community Method Reference 

Intertidal Algae and 

invertebrates 

Quadrats or belt transects Bacchiocchi and Airoldi 2003, 

Bulleri 2005b,  

Bulleri and Chapman 2004, 

Bulleri et al. 2005, 

Chapman 2003, 

Chapman 2006, 

Chapman and Bulleri 2003, 

Davis et al. 2002, 

Gacia et al. 2007, 

Green et al. 2012, 

   Lam et al. 2009, 

   Moschella et al. 2005, 

Pister 2009, 

   Ravinesh and Bijukumar 2013 

  Quadrats positioned 

within experimental 

clearings 

Bulleri 2005a, 

Bulleri 2005b  

  Settlement plates Bulleri 2005a 

 Molluscs Quadrats Chapman 2006 

 Limpets Quadrats Moreira et al. 2006 

Intertidal 

mussel beds 

Sessile and mobile 

invertebrates 

Scraped from defined area  People 2006 

Subtidal Sessile epibiota Photoquadrats Burt et al. 2011, 

Connell and Glasby 1999, 

Glasby 1999, 

Knott et al. 2004, 

  Settlement plates Connell 2000, 

Connell 2001 

  Scraped from defined area Wetzel et al. 2014 

 Benthic infauna Suction sampler Lawless and Seitz 2014, 

Toft et al. 2013 

  Corers and grabs Martin et al. 2005 

 Hydroids Diver visual census Megina et al. 2013 

 Fish and sea urchins Diver visual census Guidetti et al. 2005 

 Fish Diver visual census Davis et al. 2002, 

Guidetti 2004 

  Enclosure nets and divers Toft et al. 2007 
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2. Scope of Applications for the Methods in this Protocol 

The colonization device and associated methods described in this manual were designed to be 

useful in assessments across a wide range of hard shorelines, including those vertical or near 

vertical shorelines that commonly occur in urbanized harbors and where access into water by 

personnel performing assessments is hazardous. Direct comparison of the relative habitat values of 

shorelines requires use of a standardized method that can be applied across a wide range of 

shoreline designs, rather than attempting invalid comparisons of data collected using different 

survey methods. However, there are limitations on the use of previously published methods to 

assess estuarine communities across a wide range of hard shorelines. Corers and grabs are 
frequently used in surveys of estuarine communities in unconsolidated fine sediment, but are not 

appropriate for sampling hard substrates. Use of quadrats, transects or epibenthic scrapes are 

appropriate for surveys of surface-dwelling epifauna and algae in intertidal zones (e.g. Chapman 

2003, Wetzel et al. 2014). An epibenthic pump may be used to sample mobile macro- and 

meiofauna from the intertidal zone (Goff 2010, Toft et al. 2013). Such pumps work by vacuuming 

invertebrates into a collecting cylinder of known volume. Use of photoquadrats is possible for 

assessing those communities that inhabit exposed upper surfaces (e.g. epibiota on hard substrata 

lacking crevices) if water is clear (e.g. Connell and Glasby 1999, Knott et al. 2004). However, 

(photo)quadrats, transects, scrapes and pumps all require that personnel have direct access to at 

least the high-tide water level on shorelines and are not readily applicable to those shorelines 

where access to this area is hazardous.  

In addition to those methods mentioned above, previous studies to assess the structure of 

aquatic communities have also used colonization of introduced substrates, such as leaf packs in 

streams (e.g. Lenat 1988, Boulton and Boon 1991, Walter et al. 2012), and artificial substrates in 

streams (e.g. Hester and Dendy 1962, Nedeau et al. 2003) and estuaries (e.g. Anderson and 

Underwood 1994, Atilla et al. 2005). A common and established method for assessing the sessile 

communities on hard substrates in marine ecosystems is the use of settlement plates of standard 

area (e.g. Keough 1998, Levinton et al. 2006, Perkol-Finkel et al. 2008). Settlement plates made 

from hard substrate and deployed in subtidal habitats are colonized by the mobile planktonic 

stages of marine biota, which can be retrieved for assessment after these larval stages have 

developed into their identifiable adult forms. To allow sufficient time for colonization and growth of 

a complex community, settlement plates are typically deployed for 4 to 8 weeks, depending on the 

habitat, depth, light and substratum (e.g. Breitburg 1985, Anderson and Underwood 1994, Levinton 

et al. 2006). Although the larval dispersal distances of different taxa vary, much of the recruitment 

into sessile invertebrate communities may occur from nearby populations (e.g. Jackson 1986, 

Swearer et al. 2002, Shanks 2009). In addition, although local sessile invertebrate community 

structure is influenced by the arrival of planktonic recruits from the water column, it also depends 

upon post-settlement survival of these recruits (Connell 1985, Caley et al. 1996, Fraschetti et al. 

2002). There is likely to be variation between different hard shoreline types in the strength of 

processes that influence post-settlement survival, such as physical disturbances, access to refuges, 

relative predation rates and competitive ability of each population in each habitat (e.g. Breitburg 

1985, Connell 1985, Underwood and Fairweather 1989, Walters and Wethey 1996, Sams and 

Keough 2007). Whereas two-dimensional plates can be used to allow colonization of most sessile 

invertebrates, more complex three-dimensional substrate is required to allow colonization by 

mobile fauna that preferentially inhabit crevices between hard substrates. Novel colonization 

devices have been designed for use in routine monitoring of aquatic ecosystems where the use of 
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more traditional methods is problematic (e.g. Ofenböck and Moog 2000). For the novel colonization 

device described in this manual, settlement plates are used to allow colonization by sessile 

invertebrates, whilst plastic mesh netting and bricks are used to allow colonization by mobile 

invertebrates. The materials used to build the colonization device are readily available, to facilitate 

the construction of standard sampling units across different organizations engaged in hard 

shoreline habitat assessments. 

The use of colonization devices in community assessment is based on the assumptions that: i) 
most colonists of introduced substrates will arrive from the habitat immediately surrounding the 

substrate; and, ii) that their survival and growth to identifiable forms will be influenced by local 

habitat features after arrival. If these assumptions are met, the communities retrieved in 

colonization devices are representative of the community in the habitat in which they were 

deployed. The advantages of using the colonization device approach detailed in this manual for 

assessment of habitat values of hard estuarine shorelines include: 

 safety on difficult to access vertical or near vertical shorelines, as devices can be deployed 
by lowering from the tops of such shorelines, rather than requiring direct entry to the 

intertidal or subtidal zones; 

 ability to obtain standardized data across shorelines, with biota colonizing a standard 
surface area of artificial substrate that is submerged for a standard duration; 

 ability to assess both mobile and sessile invertebrate communities from one device;  

 ability to deploy devices on shorelines with low visibility, as communities colonizing 

devices are retrieved from the water prior to assessing both collected samples of mobile 

invertebrate communities and high resolution photographs of sessile invertebrate 

communities that are not dependent upon high water clarity; and, 

 repeatability, as the standardized colonization devices can readily be constructed by 
following the instructions in this manual (see Section 4.2). 

As for other shoreline habitat assessment methods, there are also limitations on the use of 

colonization devices, including: 

 the potential for colonists to have arrived from habitats outside of those immediately 
surrounding deployed devices, skewing assessment of local habitat value;  

 early-successional stages of epibenthic communities being unrepresentative of later 
successional communities occurring along shorelines; and, 

 the potential for colonization devices left in the field to be damaged during storms or 
tampering. 

The methods described in this manual were designed to be used for assessing the habitat 

value of hard shorelines. These methods were developed for use along the hard shorelines of the 

highly urbanized New York – New Jersey Harbor, with the objective of enabling assessment of the 

relative habitat value of different shoreline designs. The methods are applicable on similar hard 

shorelines to those occurring in New York – New Jersey Harbor and may be modified to address a 

range of research questions on such shorelines. The methods are not suitable for use on shorelines 
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where fine unconsolidated sediment will smother colonization devices and prevent colonization by 

resident biota. The colonization devices were not designed for use on pier pilings, but they may be 

useful if secured to such hard structures. To help those intending to use the methods described in 

this manual with project planning, tables with equipment needed and estimates of the average time 

required are provided at the beginning of each section for each of those activities that are unique to 

this protocol. Estimates of the time required are not provided for those monitoring activities that 

are not unique to this protocol and likely to vary widely depending on the specific objectives of each 

study, such as site selection, project administration, travel to sites, reporting, etc. 

This protocol was designed to facilitate assessment of the relative habitat values of hard 

shorelines in urbanized estuaries using colonization devices. The colonization devices may also be 

useful for other studies focused on the colonization of shorelines by estuarine biota. However, 

investigators need to carefully consider whether the response variables able to be determined by 

using colonization devices are useful for addressing their research objectives prior to applying the 

methods described in this manual. Commonly used response variables including multivariate 

community structure, taxon richness, evenness, total abundances and indicator species abundances 

can be estimated from the communities that colonize devices. 
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3. Selection of Appropriate Shorelines for Assessment 

Prior to applying the methods described in this manual, the specific monitoring or research 

objectives must be clearly defined by investigators. It will then be possible to decide whether 

colonization devices will be useful for addressing those objectives. The number and location of 

appropriate sites required to address objectives should then be determined. Desktop searches of 

aerial maps (e.g. Google Earth or satellite view in Google Maps for the urbanized regions for which 

the protocol is designed) can be used to narrow down potential sites. Ground-truthing is required 

to confirm that those sites proposed for use are: suitable for addressing project objectives; readily 

accessible; and, that the manager of all shorelines can be contacted. The manager of each shoreline 

should be notified well in advance of the intended date that each shoreline will be assessed, to 

ensure that appropriate permission and/or permits are obtained across the duration of the study. 

During site visits, investigators should confirm that the hard portion of the shoreline extends far 

enough below the low tide water level as to allow colonization devices placed on the hard substrate 

to remain submerged across all tides. 

Preliminary data using the methods described in this protocol suggests that community 

structure is highly variable at different locations with similar shoreline habitat complexity across 

New York – New Jersey Harbor (Reid et al. 2015). This is consistent with the variability in 

community structure at different locations across other estuaries and demonstrates that factors 

other than local shoreline habitat structure influences local structure of estuarine invertebrate 

communities (e.g. Dauer 1993, Warwick et al. 2002, Hewitt et al. 2007). Given the wide range of 

factors which influence the structure of estuarine shoreline communities, appropriate reference 

shorelines are required to assess whether there is improvement in the relative habitat value of any 

structurally complex shoreline, compared to the habitat value of traditional engineered shoreline 

designs. Within the highly urbanized harbors for which this protocol was designed, there will not be 

any pristine hard shorelines available to act as ‘natural’ hard shoreline references. Instead, those 

vertical concrete seawalls with minimal structural complexity which commonly occur in highly 

urbanized harbors can be used as references. To account for spatial variability across estuaries, the 

relative habitat values of different hard shoreline should be assessed using grouped shorelines in 

close proximity, but varying in structural habitat complexity. Consistent departures in the values of 

response variables when comparing paired seawall references and shorelines designed with 

increased structural complexity indicates that differences in the response variable being measured 

is associated with shoreline design. Paired shorelines should be in close enough proximity to 

ensure there is minimal difference in the physicochemical environments between paired sites. 

However, the ends of sites should not be at the ends of the particular shoreline type. If possible, 

sites should be 100 m long, with at least 50 m of ‘buffer’ of similar shoreline type on either side of 

the site (Fig. 2).  

It is recommended that five replicate colonization devices be used at each site for the 

assessment of the relative habitat values of hard shorelines. It is prudent to use an additional two 

replicate colonization devices at each site, to act as back-up in case of loss of replicates owing to 

storms or tampering. 
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Figure 2: Diagram of paired sites on concrete seawall and boulder riprap shorelines, showing the length 

of minimum ‘buffers’ required to minimise confounding local habitat assessments with ‘edge effects’ at 

each site. Paired sites should be in close enough proximity to minimise differences in environmental 

variables other than local habitat complexity. However, sites should not be located within 50 m of a reach 

of shoreline where there is a transition between shoreline designs. 
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4. Methods  

4.1 Site Characterization (water quality and physical variables) 

Time required 1 hr per shoreline (conducted at the same times as colonization device 

deployment and/or retrieval) 

Equipment Site characterization field sheets (see Appendix 1), ring binder with binder 

pockets, clip board, pens, marker pens, self-adhesive labels for sample 

bottles, 100 m measuring tape, water quality meter, chest-high waders, 

bucket with attached rope, syringes, syringe filters, filter paper, labelled 60 

mL bottles for water quality samples, tweezers, 10 mL microcentrifuge 

tubes, cooler with ice, inclinometer, calculator, camera, computer for 

desktop assessments 

Rationale Estuaries are highly dynamic environments, with conditions and resources 

along each shoreline influenced by processes acting at multiple scales.  

Variability in a suite of physicochemical characteristics occurring between 

shorelines will influence the structure of local biotic communities, 

regardless of the structural complexity and materials used in shoreline 

design. There may be large changes in the physicochemical environment 

which influence invertebrate community structure between shorelines that 

are relatively close. Therefore, interpretation of whether any observed 

differences in community structure between shorelines is potentially 

attributable to local shoreline habitat structure requires characterization of 

confounding environmental variables that influence community structure 

(e.g. water quality, proximity to point sources of pollution, primary 

productivity in surrounding water). Determining connectivity of the 

shoreline to surrounding sources of colonists may also aid in interpretation 

of factors contributing to the community structure at each shoreline, 

particularly on highly fragmented urban shorelines. 

 

Procedure 

1. Each site should represent one shoreline type and be as uniform as possible in design, 
dominant substrate types and structural complexity across its length. If possible, the site 
should have at least 50 m of shoreline with similar design, substrate types and structural 
complexity on either side to avoid possible edge effects where different shoreline types are 
adjacent to each other (see Fig. 2). 

2. Use a printout of the site characterization field sheet (Appendix 1) to record data and notes 
for each site. 
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3. Measure the 100 m site using a measuring tape placed parallel and immediately above the 
water level. Determine the locations where replicate colonization devices will be 
submerged. Where practical, devices should be randomly positioned across the site, within 
the limitations of ensuring all devices are at least five meters from each other and all have 
stable attachment points above the mid tide water level. Leave the 100 m tape extended to 
provide positions for measurements to be taken to estimate shoreline slope and substrate 
particle size. 

4. Estimate the slope of the shoreline using an inclinometer at five regularly spaced intervals 
across the shoreline (e.g. 10 m, 30 m, 50 m, 70 m and 90 m along the measuring tape). 

5. Estimate and enumerate the average substrate particle size by categorizing the sediment by 
size at 100 regularly spaced intervals (e.g. 1 m intervals across 100 m) along a transect 
placed parallel to and immediately above the water level. The scores for particle size 
categories are 0 = silt or clay, 1 = sand, 2 = sand to the size of a marble (16 mm), 3 = size of 
a marble to a tennis ball (64 mm), 4 = size of a tennis ball to a basketball (250 mm), 5 = 
size of a basketball to 1 m diameter, 6 = 1–4 m diameter, and 7 = larger than 4 m diameter. 
Average the 100 scores to get a single estimate of the average substrate particle size at the 
site1. 

6. Use a handheld water quality meter to measure salinity, conductivity, pH, dissolved oxygen 
concentration, turbidity and temperature at the five approximate locations that replicate 
colonization devices will be or are submerged. At vertical shorelines, it is possible to lower 
the water quality probes into the water from the shoreline edge, whilst entry into the water 
using chest-high waders is required to measure water quality at low gradient shorelines. 
The meter must be calibrated to the manufacturer’s specifications prior to taking readings. 

7. Collect approximately 50 ml of water for nutrient analysis (nitrate, nitrite, phosphate and 
silicate).  The water sample may be collected directly from the water column where 
possible (i.e., low gradient shorelines) or from a bucket with attached rope used to retrieve 
water at vertical shorelines where the water is not directly accessible. An easy way to 
sample is with a plastic 60 ml plastic syringe with a 25 mm filter holder.  Wear latex or 
nitrile lab gloves while sampling.  Using tweezers, load a 25 mm filter into the filter holder.  
This can be done before you get to the site if you have enough filter holders, or at the site.  A 
“pre” filter is normally sufficient to exclude the phytoplankton that are an issue in nutrient 
sampling.  Rinse your sample container three times in the water you will be sampling from.  
A 60 ml plastic test tube is a good inexpensive sample container for this purpose.  Extract 
the plunger from the syringe and rinse the interior of the syringe three times with the water 
you are going to sample from.  Then fill the syringe and re-insert the plunger.  Using firm, 
steady pressure on the syringe, force the water through the filter holder and into a sample 
container.  Leave a head space in the sample container; nutrient samples are often frozen 
for storage and the water will expand.  Nutrient samples should be stored in dark and cold 
conditions to avoid photosynthesis and respiration in the sample.  A good field solution is to 
use a small cooler and an ice pack.  The Styrofoam racks that 60 ml plastic test tubes are 
shipped in will fit inside most “6-pack” coolers and are a convenient way to store samples 
for transportation.  Samples that will not be measured within about 24 hours of sampling 
should be stored frozen and in the dark.   

                                                           
1 from Strayer et al. 2012 
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8. The filter paper used in nutrient collection can also be considered a sample, and can be used 
to measure both particulate content and chlorophyll content in the water.  To save the filter: 
after the nutrient sample has been extruded from the syringe to a sample container, remove 
the filter holder.  Open it and use tweezers to remove the filter.  Some filter holders seal 
using a nylon o-ring, and care must be taken in the field not to lose them in changing filters.  
Fold the filter paper on itself with the particulates inside the fold.  Using tweezers, place the 
filter in a sample container.  10 ml “cryo” tubes or microcentrofuge tubes work well to store 
the filters.  They need to be stored in cold, dark conditions, for example in a cooler along 
with the nutrient samples.  Unless they will be measured within about 24 hours, the filters 
should be frozen. Isotopes of water: Depending on the setting and the goals of your 
sampling, it may be useful to collect water for the measurement of isotope ratios of oxygen 
and hydrogen in the water.  Oxygen isotopes can help, for example, in identifying sources of 
fresh water or mixing ratios in frontal regimes.  For stable isotope analysis, collect 50 ml of 
water in a glass bottle.  Use caps that have a plastic conical seal to the bottle.  Triple rinse 
the bottle in the water to be sampled, fill the water bottle to about its shoulder, leaving a 
small head space.  Place the bottle cap on.  Tape the cap to the bottle by winding a piece of 
electrical tape on, pulling the tape in a clockwise direction so that you are pulling the cap 
tighter as you put the tape on. 

9. Labelling:  All material samples must be clearly labeled with the site name, site code, date of 
collection, time of collection, and the initials of the collector.  In addition, a running count 
within each type of sample is often useful.  Some sample containers are too small for this 
much information (e.g. microcentrofuge tubes).  In that case, a unique sample number 
should be on the container and the samplers log must link that number to all relevant 
sample and site information.  It will be difficult to label the nutrient and filter containers 
once they are wet, so labels need to be applied before sampling.   

10. Data loggers (e.g. HOBO Pendant®) can be used to continuously measure temperature and 
light at the same depth as colonization devices. These can be attached to colonization 
devices when those are deployed (see section 4.3). 

11. Draw cross-sectional and plan diagrams of the site (see Appendix 1). Note prominent 
features that are likely to influence the shoreline community, such as shading from riparian 
vegetation, retention of large debris along the shoreline, boat traffic, whether combined 
sewage outflows are present, obvious signs of pollution such as oil slicks or pungent odors, 
etc. Take photographs from the top and the bottom of the site, plus additional photographs 
to help with later recollection of the main features of the site. Given that it is infeasible to 
quantify all environmental variables at each shoreline, this qualitative information may 
prove useful for aiding assessments of potential reasons for any observed dissimilarities in 
community structure between replicate shorelines that isn’t consistent with expectations 
attributable to quantified variables. Pictures of the site, directions and accurate latitude and 
longitude also aid in establishing the exact local of the shoreline during all visits for any 
particular study. 

12. Large-scale information that is difficult to accurately measure whilst on-site can be 
measured during desktop surveys. For example, the total length of shoreline of one 
particular type, distance to the nearest shoreline of the same type, etc. 
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4.2 Colonization Device Construction  

Time required 1.5 hrs per device 

Equipment Vinyl-coated steel mesh, wire cutters, wooden plank (e.g. 2” x 4” x 4’ 

hardwood lumber), rubber mallet, pliers, stainless steel hog rings and hog 

ring staple gun, 8 inch cable ties, settlement plates (e.g. 4.5” x 4.5” tiles made 

from hard substrate, such as ceramic, stone, hardwood or acrylic), plastic 

mesh netting (e.g. 4 mm x 4 mm mesh bird netting), bricks (dimensions of 

191 × 90 × 56 mm, with 10 holes of ~ 20 mm diameter), ruler or measuring 

tape, scissors  

Rationale Devices are designed to provide different microhabitats that are suitable for 

colonization by the suite of invertebrate biota likely to inhabit hard 

estuarine shorelines. Settlement plates provide area for colonization by 

encrusting algae and animals that are sessile as adults (e.g. barnacles, 

tunicates, bryozoans). The varying orientation of these plates is designed to 

provide a range of conditions (e.g. shading, sedimentation and flow) on the 

colonization surfaces of each device, with a view to facilitating colonization 

by multiple taxa which vary in their microhabitat requirements. Plastic 

mesh netting and bricks provide a variety of microhabitats for colonization 

by mobile animals. Bricks also provide weight to hinder movement of each 

device whilst submerged in the subtidal zone, where considerable water 

movement often occurs. Vinyl-coated steel mesh provides a durable outer 

caging to contain the settlement plates, plastic mesh and bricks. The 

components intended for colonization by sessile and mobile communities 

can be separated to facilitate efficient processing of both sample types after 

devices are retrieved. 

 

Procedure 

1. Colonization devices should be able to be constructed by following the instructions below. 

Viewing the linked video will help to clarify the methods required to construct devices 

[INSERT LINK TO VIDEO]. 

2. Cut vinyl-coated steel mesh into panels (Fig. 3a), to the dimensions shown in Fig. 4. Do not 

cut the gaps in panels A and E until after bending (see step 3, below). Leave exposed 

‘fingers’ on one of the shorter edges of the main body of the box (panel A), all edges of the 

box sides (panel B) and one of the shorter ends of the settlement plate triangular prism 

(panel E). Note that the material cut out to leave a gap in panel A can be used as one of the 

box sides (panel B). 

3. Using a solid wooden plank and rubber mallet (Fig. 3b), bend panels A and E at the 

positions shown in Fig. 4 and approximate angles shown in Fig. 3e to form the main body of 
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the box and settlement plate triangular prism, respectively. For each panel, use pliers to 

twist the exposed fingers around the adjoining mesh to secure the short edges to each other 

(Fig. 3c). Cut gaps in the mesh of panels A and E, at locations shown in Fig. 4, after securing 

the edges to each other using the fingers. 

4. Using hog rings and a hog ring staple gun, secure the box divider (panel C) inside the main 

body of the box, leaving 3 inches on one side of the box and 5 inches on the other (see Fig. 

3e). Bricks will be inserted on the 5 inch side and plastic mesh netting on the 3 inch side. 

5. Add both sides to the box, securing them by twisting the exposed fingers on all of their 

edges to the main body of the box, using pliers. 

6. Use hog rings to create hinges for the settlement plate covers: secure one long edge of each 

of the settlement plate covers to the long edge of the settlement plate triangular prism that 

will be at the bottom of the colonization device, such that the gaps in the settlement plate 

covers and triangular prism are aligned (Fig. 3d). The other long edge of the settlement 

plate covers will be secured by plastic cable ties, which are less durable than steel hog rings, 

so this edge should be in the less exposed middle part of the device (where the main box 

and settlement plate triangular prism are joined). 

7. Insert settlement plates between the triangular prism and hinged settlement plate covers 

(Fig. 3d), aligning plates so that they completely fill the 4” x 4” gaps cut from prism and 

covers. Secure plates by using plastic cable ties to tightly attach the settlement plate covers 

to the triangular prism. Use at least two cable ties on each of the shorter edges, four cable 

ties along the long edge and additional cable ties directly abutting the edges of the 

settlement plates to prevent them being moved when deployed.  

8. Using scissors, cut sheets of plastic mesh netting (e.g. 4 mm x 4 mm mesh plastic bird 

netting) to standard dimensions (e.g. 2’ 6” x 7’). 

 

Devices may be more easily transported before completing the construction steps listed 
below, which can be done in the field just prior to deployment. 

 

9. Attach the main box and triangular prism using cable ties (at least six on the top and bottom 

edges of the two components), such that the smallest compartment of the main box is in 

contact with the triangular prism and the hole cut from the steel mesh of the main box is on 

the ‘bottom’ of the device (see Fig. 3e). 

10. To the main box, add bunched sheets of plastic mesh netting cut to standard dimensions 

(evenly distributed across the smaller compartment) and four bricks (larger compartment). 

The four bricks used in each device should be of standard design and dimensions (e.g. brick 

dimensions of 191 × 90 × 56 mm, with 10 circular holes of ~ 20 mm diameter). Secure 

these inside the caging by attaching the base plate to the main frame of the colonization 

device with cable ties. Use at least four cable ties along each edge of the base plate. Use cable 

ties to secure edges of the mesh netting to the outer steel cage, ensuring that the mesh 
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netting remains evenly distributed across the 3” x 4” x 18” compartment when device is 

submerged. 

11. It is recommended that seven devices be constructed for each shoreline site: five devices to 

assess community structure and two ‘spares’ to provide some insurance against loss of 

replicates. 

12. Standardized materials for invertebrate colonization should be used to collect habitat 

monitoring data that is comparable across sites. However, for some studies not requiring 

standardization with other studies, it may be desirable to replace the bricks and/or plastic 

mesh netting. For example, bricks could be replaced with oyster shells or rocks to address 

research questions related to colonization of those natural substrate. 
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Figure 3: Steps in construction of the outer caging for colonization devices: a) cutting vinyl-coated steel 

mesh, with exposed ‘fingers’ left on the mesh on the right-hand side; b) bending mesh to construct main 

box, using a wooden plank and rubber mallet; c) twisting exposed ‘fingers’ to secure edges, using pliers; 

and, d) hog rings (represented by orange ovals) used to create hinges for settlement plate covers. e) A 

fully constructed colonization device, with different components labelled. The capital letters indicate the 

location of (A) body of the main box, with hole cut in mesh covered by the base plate at the bottom of the 

device, (B) side of the main box, (C) box divider, (D) base plate, (E) settlement plate triangular prism and 

(F) settlement plate covers. 
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Figure 4: Plan of the components needed for construction of the vinyl-coated steel mesh caging of each 

colonization device. The letters correspond to the components shown in Fig. 3e. The grey dashed lines 

indicate where bends occur for construction of the main box and settlement plate triangular prism 
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4.3 Colonization Device Deployment 

Time required 2 hr x 2 personnel per shoreline 

Equipment All components of (7) colonization devices (see section 4.2), chest-high 

waders, telescoping boat pole, data loggers for continuous measurement of 

light and temperature (e.g. HOBO Pendant®), magnet, 8” cable ties, ~25’ of 

rope per device (depending on location of attachment points above mid tide 

water level), laminated tags, ribbon or spray-paint 

Rationale Deployment should occur during a low spring tide, to ensure that 

colonization devices remain submerged over the full tidal cycle. Each device 

should be placed approximately 1 meter below the water level at low spring 

tide. At vertical sites, devices can be lowered into place without entry into 

the water, whereas at lower gradient shorelines devices can be submerged 

by personnel entering the water in waders. Deploying devices for a 

standard duration of eight weeks allows adequate time for larvae of animals 

that are sessile as adults to colonize settlement plates and grow into 

identifiable forms, plus ample time for colonization by mobile invertebrate 

taxa.  

 

Procedure 

1. Colonization devices should be deployed from late spring through to fall, when temperate 

waters support relatively high biotic productivity. If shorelines are surveyed over multiple 

years, colonization devices should be deployed in the same season during each year, to 

minimise the influence of seasonal variability in recruitment patterns to hard substrata on 

community structure.  This will facilitate making meaningful comparisons of the community 

structure between years, although interannual variability will still influence results and it is 

preferable to survey all shorelines at the same time for any given study. 

2. Deploy devices during a low spring tide. If required, entry into the water is safest during a 

low tide. Also, placing the devices below the low spring tide water depth ensures that if they 

are not moved they will remain submerged through all tidal phases. 

3. Seven devices should be deployed at each shoreline site: five devices used to assess 

community structure and two ‘spares’ to provide some insurance against loss of replicates. 

Locations along the shoreline at which each colonization device is to be submerged can be 

determined during site characterization (see Section 4.1). Ensure that stable attachment 

points for ropes are available above the mid tide water level on the landward side. Devices 

should be submerged on hard substrate, at least one meter below the low spring tide water 

level (Fig. 5) and five meters apart from each other. Determining whether there is adequate 

hard substrate on which to place devices can be done by feel with a telescoping pole 

lowered below the water surface at vertical shorelines, but may require entry into the water 

at lower gradient shorelines with low visibility through the water column. 
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4. Data loggers can be used to continuously measure temperature and light at the same depth 

as colonization devices (see Section 4.1). Activate and attach a data logger to the top of one 

of the colonization devices using cable ties (e.g. HOBO Pendant® data loggers, which 

require a magnet for activation). Secure so that the light reader will remain pointed towards 

the surface of the water when the device is submerged. 

5. Tie rope to the vinyl-coated mesh caging at the end of the device farthest away from the 

settlement plates. Secure the other end of the rope to a stable attachment point on the 
shoreline, leaving enough rope to allow the device to be at least one meter below low spring 

tide water level. Securing each rope above mid tide height facilitates retrieval, which may 

coincide with a low spring tide which is not as low as that during deployment. Securing 

ropes above high tide facilitates locating devices across all tidal phases, but requires 

additional rope and along shorelines with high density of human use leaves the devices 

more susceptible to tampering. 

6. Devices may be lowered into the water from the top of vertical shorelines, whereas entry 

into the water is required to deploy devices on lower gradient shorelines. Submerge device 

so that the base plate is in contact with the shoreline and no part of the settlement plates 

are touching the shoreline. 

7. Tampering of devices may occur, particularly in densely populated areas. Tampering is 

often not malicious: maintenance staff or others working for the property manager, 

unaware of the study, may remove or destroy devices. To identify the colonization devices 
as a scientific experiment, attach tags to ropes above the high tide water level. Tags should 

have a brief description of the purpose of devices and contact details. It may also be useful 

to state that those animals captured in the device will not be economically valuable or 

suitable for eating. Tags should be laminated to make them waterproof. Identification tags 

will reduce the risk of removal by maintenance staff and (hopefully) reduce the motivation 

for vandalism, 

8. To assist with finding devices when wishing to retrieve them, mark the location of each with 

a marker at the top of the shoreline (e.g. ribbon tied around a stable object or spray-paint). 

Marking the location of each device is also beneficial for confirming that a device has been 

removed, as searching for the device need only cover the narrow area of shoreline near the 

marker, as opposed to searching across the whole site for any missing device/s. 

9. Leave devices submerged for a standard duration. Mobile communities colonize devices 

relatively soon after deployment, but approximately eight weeks is required to allow 

communities of taxa that are sessile as adults to colonize and grow into identifiable forms. 

Therefore, it is recommended that devices be deployed for eight weeks. 
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Figure 5: Diagrams of the approximate depth and orientation of colonization devices on a) vertical 

seawall shoreline and b) lower gradient riprap shoreline in relation to water depth at low spring tide (not 

to scale). Devices should be secured to a stable attachment point above the mid tide water level using a 

sturdy rope. The photographic insets show the different deployment methods on a vertical shoreline and 

lower gradient shoreline. 
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4.4 Colonization Device Retrieval 

Time required 4 hr x 3 personnel per shoreline 

Equipment Chest-high waders, bucket with rope, 8 large plastic tubs (~50 L), wire 

clippers, squeeze bottle, test tube cleaning brush, 500 μm sieve, preservative 

(e.g. ethanol, isopropanol or formalin), Rose Bengal, sample jars, folding 

table, digital camera with tripod or forensic frame, 10 cm x 10 cm frame, 

shallow plastic tray, non-permanent marker, pencils, colonization device 

retrieval field sheet (see Appendix 1. ii), sample labels (see Appendix 1. iii), 

laminated label (see Appendix 1. iv) 

Rationale As for deployment, colonization devices should be retrieved during a low 

spring tide (eight weeks after deployment). Colonization devices are 

designed so that the components used for sampling mobile communities 

(i.e., plastic mesh netting and bricks in main box) and sessile communities 

(i.e., settlement plates on triangular prism) can be separated and processed 

by different personnel. Mobile communities are collected and preserved 

prior to identification in the laboratory, whilst high resolution digital 

photographs are taken of sessile communities to allow these to be identified 

using imaging software (see Section 4.5). 

 

Procedure 

1. At least three personnel should be involved in colonization device retrieval: one to retrieve 

devices and distribute different components for sample collection between other personnel; 

one to collect samples of mobile invertebrate communities; and, one to take photographs of 

settlement plates for assessment of sessile invertebrate communities. Devices should be 

retrieved at low spring tide (which will occur eight weeks after the low spring tide at the 

time of device deployment). 

2. Locate markers of device locations (e.g. ribbon or spray-paint on stable object along 

shoreline) or the ends of ropes secured to stable attachment points above the mid tide level 

along the shoreline. 

3. At vertical shorelines, retrieve devices by hauling out by attached ropes. At lower gradient 

shorelines, entry into the water is required to retrieve devices. If entry into the water is 

required, devices will be easiest to retrieve during low spring tide. Depending upon the 

shoreline type and difficulty in retrieving each device, it may be preferable to remove and 

process one device at a time or retrieve all devices at the same time prior to beginning 

processing and before tidal height increases.  

4. Each device should be immediately transferred to a large plastic tubs ~1/4 filled with 

water, as soon as possible after removing from the water. This minimizes the opportunities 
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for colonists to avoid capture. After transferring to the plastic tub, cut the attached rope 

from the device.  

5. Using clippers, cut cable ties to separate the device into three compartments: main box with 

plastic mesh netting and bricks; triangular prism with settlement plates; and, base plate. 

Remove the plastic mesh netting and bricks from the main box and place them back into the 

large plastic tub. 

6. In a second large plastic tub ~1/4 filled with water, wash the base plate by vigorously 

shaking for ten seconds to remove mobile animals and then set aside. Into the same tub, 

wash mobile animals and sediment from the triangular prism and settlement plates using a 

jet of water from a plastic squeeze bottle. Move triangular prism and enclosed settlement 

plates to a third plastic tub ~1/2 filled with clean water in preparation for photographing 

the settlement plates (see step 8, below).  

7. In the first plastic tub, wash mesh netting to remove all mobile animals. Wash bricks using a 

test tube cleaning brush: standardize by brushing each side of each brick with two 

downward sweeps and by pushing the brush through each hole in the brick once, then set 

aside. Pour the water with collected mobile animals in the first and second plastic tub 

through a 500 μm sieve, to retain mobile invertebrates and remove fine sediment. Make 

sure that all mobile animals are removed from the plastic mesh and tubs, and remove as 

much fine sediment as possible from samples. Transfer the sample from the sieve to a 

labelled sample bag (see Appendix 1. iii). Add Rose Bengal to stain animals (which aids in 
sorting animals from other debris) and preservation to prevent decay of organic material 

(e.g. 70% ethanol). If there are high volumes of sea squirts (i.e., ascidians with body shape 

similar to Molgula, see Section 5.3), these should be removed from mobile samples. These 

animals are sessile invertebrates and their presence will be recorded from settlement 

plates. If they are included in mobile invertebrate samples, the large amount of water they 

contain dilutes the added ethanol and hinders preservation of organic material in the 

sample. Decaying animals are difficult to identify and produce a potent foul odor. 

8. Cut cable ties to open settlement plate covers, remove settlement plates and transfer to a 

plastic tub with adequate clean water in which to submerge plates. Place the plates with the 

primary colonization surface to be photographed and used in assessment facing away from 

the bottom of the tub. Using a digital camera, photograph one plate at a time. Plates should 

be photographed whilst sitting in a shallow plastic tray filled with enough water to keep the 

associated colonists submerged. The sessile communities on plates should be just below the 

water surface when photographed, to minimise refraction and glare. Shading the settlement 

plate surface from sunlight using an umbrella or towel may also be required to reduce glare. 

Take high resolution photographs using a tripod or forensic frame to ensure that all 

photographs are taken at the same distance from plates (i.e., each photograph represents 

the same dimensions). A wire or plastic frame of known dimensions (e.g. 10 cm x 10 cm) 

placed directly above the plate being photographed helps with accurately determining the 

scale of images. Use a laminated label (Appendix 1. iv, see Fig. A1) and record photograph 

numbers on field sheets (Appendix 1. ii) to provide a cross-check for correctly assigning 

labels to each image. As the movement patterns of some animals may assist in 

identifications, record ~10 seconds of video for those settlement plates where any sessile 

animals are moving. Photographs and videos should be uploaded and labels cross-checked 
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as soon as possible after completing fieldwork, to ensure images are saved in a safe location 

and facilitate ensuring that all labelling is accurate. 
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Figure 6: Retrieval of colonisation devices and sample processing in the field. a) Upon retrieval devices 

should be immediately placed in plastic tubs to prevent colonists of devices from escaping whilst samples 

are being processed (a different colonization device design than described in this manual is shown). b) 

Mobile invertebrate samples are washed through a 500 μm sieve to retain animals and remove fine 

sediment. c) A digital camera and forensic stand are used to take photographs of settlement plates inside 

a frame of standard dimensions. The surface to be photographed should be shaded, to reduce glare from 

sunlight. 
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4.5 Invertebrate Identification 

If possible, experienced personnel should perform identifications of sessile and mobile 

invertebrates. Quality control is required to ensure that all personnel working on a particular study 

are capable of consistently identifying invertebrates to the same taxonomic level to avoid 

confounding results with the varying expertise of personnel (See Section 4.5 iii). 

4.5. i) Sessile invertebrates 

Time required 0.5 hr per sample 

Equipment Computer, imaging software, identification guides 

Rationale Sessile epibiotic communities are functionally important components of 

hard shoreline habitats, including taxa such as barnacles, ascidians and 

bryozoan. Imaging software is used to identify the sessile invertebrate 

communities from high-resolution digital photographs of settlement plate 

colonization surfaces. Identifying the taxa occurring at 100 random locations 

on each (10 cm x 10 cm) settlement plate provides a reliable estimate of both 

the richness and abundance of colonial and solitary forms through a 

measure of percent cover on hard surfaces. These richness and abundance 

measures of specific taxa from colonization devices can be used to calculate 

the relative habitat value of hard shorelines for sessile invertebrates. 

 

Procedure 

1. When uploading photographs, ensure that all settlement plate images are accurately 

labelled by cross-checking labels in photographs (Appendix 1. iv) and photograph numbers 

on datasheet (Appendix 1. ii). 

2. Crop images to ensure that all represent the same surface area (e.g. 10 cm x 10 cm). 

3. For each image, overlay a set of 100 points spaced a regular intervals (Fig. 7).  

4. Identify the taxa occurring at each point using appropriate identification guides. View video 

of the sessile community occurring on the settlement plate, if this will assist with 

confirming identifications. 

5. For points at which there are anomalies in the image that preclude accurate identification 

(e.g. glare or reflection from the water), the taxon immediately to the right of the 

unidentifiable area should be identified. 

6. Following the completion of the 100 points, quickly scan areas outside the grid points for 

any conspicuous or commonly encountered taxa that were not captured by the grid and 

note their presence on the plate. This information cannot be used for abundance measures 

but will contribute to richness measures.  
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Figure 7: Sessile invertebrate community on the surface of a settlement plate (10 cm x 10 cm), with 

overlaid grid indicating points at which taxa should be identified. Identifying the taxa occurring at 100 

regularly spaced points provides a meaningful estimate of relative abundances and community structure. 
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4.5. ii) Mobile invertebrates  

Time required 2 hrs per sample 

Equipment Binocular dissecting microscope, sorting tray, tweezers, petri dishes, 

squeeze bottles, glass vials, preservative, identification guides, fish 

measuring board 

Rationale Mobile epibenthic invertebrate communities are important components of 

hard shoreline communities, with particularly prominent roles in detrital 

processing, nutrient cycling and secondary production which feeds into 

higher trophic levels. Benthic invertebrates are frequently used in ecological 

assessment as they provide an integrated measure of the relative suitability 

of a particular site to support organisms with a range of life histories and 

varying suite of traits which collectively influence the response of each 

species to changes in the environment. Measurement of taxon richness and 

abundances of particular taxa from colonization devices provides a measure 

of the relative habitat value of hard shorelines for mobile invertebrates. 

 

Procedure 

1. Use binocular dissecting microscope to view animals and bifurcating keys within published 

identification guides to identify animals to the lowest taxonomic level that can reliably be 

achieved by all personnel working on identifications for the particular project (Fig. 8).  

2. Sort one sample at a time, to ensure that the animals from each sample remain separate. 

Prior to identification, decant the entire sample into a sorting tray. Remove invertebrates 

from other organic and inorganic material in each sample. Carefully inspect large clumps of 

algae and detritus to ensure removal of any attached invertebrates. 

3. Animals can be sorted into broad taxonomic groups using petri dishes. Ensure that there is 

adequate preservative to prevent invertebrates from drying: dried samples become brittle 

and difficult to identify.  

4. Use identification guides to identify animals and record abundance of each taxa on 
datasheets (Appendix 1. v). Do not count animals that were clearly dead at the time of 

collection, e.g. decayed animals or empty shells. Store identified invertebrates in 

appropriately labelled sample jars. 

5. A voucher collection contains representative samples of all taxa identified during a 

particular study. Voucher specimens are useful as references at the time that samples are 

being identified and can be used at a later date to confirm that a particular species occurred 

at a particular space and time (if this information is accurately recorded on labels 

associated with each specimen). Create a voucher collection of all taxa identified to assist 

with ensuring consistent identification across personnel. Continually update the voucher 

collection each time that a new taxon is found in samples, ensuring that identifications in 
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voucher collection are confirmed as accurate by experienced personnel. Preserve all 

samples in glass vials with 70% ethanol or 10% buffered formalin. Although formalin is a 

better preservative for soft-bodied animals than ethanol, formaldehyde is a carcinogen and 

should be handled using appropriate caution. A photographic identification guide may also 

be useful for guiding consistent invertebrate identifications across multiple personnel 

working on a particular project (see Section 5). 

6. In addition to mobile invertebrates, small fish may also be captured in the plastic mesh 
netting of colonization devices. To assist in assessing the relative habitat value of hard 

shorelines, each fish should be identified and its length measured. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: Personnel sorting through mobile invertebrate samples using dissecting microscopes 

during development of this protocol.  
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4.5. iii) Quality Assurance procedures for invertebrate identifications 

 The methods in this manual were designed so as to minimize the need for specialist 

training. Standardized samples of mobile invertebrate and sessile invertebrate communities can be 

collected by carefully following all procedures detailed in this manual. However, comparisons 

between studies using this manual will be invalid if invertebrate samples are not identified 

consistently and accurately.  

Assessment of the relative habitat values of different shorelines using this protocol requires 

that invertebrate identifications were consistent and accurate for those studies being compared. All 

personnel involved in invertebrate identifications should have received appropriate training and 

have experience with using microscopes and taxonomic keys. Animals should be identified to the 

lowest taxonomic level that can reliably be achieved by all personnel working on identifications for 

each particular project. In order to ensure accuracy in the processing and identification of 

invertebrate communities, a subset of samples must be cross-checked (i.e., sample re-sorted, re-

identified and re-counted by experienced personnel). This will allow for: the correction of errors in 

identification; highlighting training requirements; and, setting error levels for the data. The 

frequency of cross-checking will vary depending upon the experience of personnel performing 

identifications. It may be necessary to cross-check all samples for inexperienced personnel, until 

they have demonstrated the consistent capacity to accurately identify estuarine invertebrates. For 

more experienced personnel, cross-checking of a randomly selected 10% of samples collected 

across a range of shorelines should suffice to identify any errors in identifications.  

Developing quality assurance procedures should be integrated into initial planning and 

experimental design for each study. Quality assurance procedures should be documented, including 

experience of personnel, training, validation and reporting, cross-checking and corrective 

procedures. A guideline for implementing quality assurance systems is not provided here, given 

that they will vary depending upon the specific objectives of each study, the taxonomic level 

required to address objectives and the experience of personnel. Resources such as The Volunteer 
Monitor’s Guide to Quality Assurance Project Plans (USEPA, 1996) can be used to develop quality 

assurance procedures specific to each study. 

Data from the field should be entered into electronic files as soon as possible after 

collection, to ensure that data are not lost and so deficiencies in data collection can be corrected.  
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5. Photographic Identification Guide for Common Fish and Invertebrates from New 

York – New Jersey Harbor Shorelines 

The images and descriptions provided below are intended only for use as a rapid reference 

guide for those taxa captured in New York – New Jersey Harbor during development of the protocol 

described in this manual (Reid et al. 2015). Images are not to scale. Similar photographic keys can 

be developed and assist with facilitating consistent identification of taxa amongst personnel 

working on the same project. However, published taxonomic keys with bifurcating descriptors of 

distinguishing morphological features should be used to accurately identify shoreline animals to 

species level.  

5.1 Fish 2 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                           
2 Developed with help from Chris Anderson, The River Project 

Oyster toadfish (Ospanus tau) 

Physical Description: Scaleless; color varies; 

broad head and flat body; fleshy flaps and 

barbels; large mouth with short teeth; eyes 

pointing upward. 

Blackfish or Tautog (Tautoga onitis) 

Physical Description: Rubbery lips and 

powerful jaws; throats contain molar shaped 

teeth; rubbery skin with slime covering; big 

eyes. 
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Skilletfish (Gobiesox strumosus) 

Physical Description: Sucking disk on 

underside; 6 faint lines radiate from eye; 

patches of papillae in sucker; flattened shape. 

Winter flounder, Black back or Lemon sole 

(Pseudopleuronectes americanus) 

Physical Description: Flattened body; relatively 

small mouth and no teeth; mouth to the right 

of eyes when head pointing upward. 

Summer flounder or Fluke flounder 

(Paralichthys dentatus) 

Physical Description: Flattened body; 5 to 14 

eye like spots on body; grow to 15-20 inches 

in length; color changeable; relatively large 

mouth and sharp teeth on upper and lower 

jaws; mouth to the left of eyes when head 

pointing upward. 
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Northern pipefish (Syngnathus fuscus) 

Physical Description: Very slender body; tube-

like snout; toothless mouth; caudal fin 

rounded; no ventral fins; greenish, brownish, 

or olive in color; can change colors to match 

surroundings. 

American eel (Anguilla rostrate) 

Physical Description: Elongated ‘snakelike’ 

body; mucous coating (slippery!); long dorsal 

fin from middle to end of the body; small 

pectoral fins at midline near head; long 

conical head, with small eyes; color of body 

varies from olive green, yellow-green to 

brown, with light gray or white underside. 
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5.2 Mobile invertebrates 

An asterisk after the species name indicates that the animal is not native to New York – New 

Jersey Harbor. 

Asian or Japanese shore crab 

(Hemigrapsus sanguineus*) 

Physical Description: Square shaped carapace 

with 3 spines on each side; carapace width 3 

to 4 cm; stripes on legs, but body color varies 

(green, purple, orange-brown or red). 

 

European green crab (Carcinus maenas*) 

Physical Description: Fan-shaped carapace 

with 5 spines on each side (antero-lateral 

margins on outsides of eyes); carapace width 

up to maximum of 6 to 7 cm; three blunt 

spines between the eyes; no flattened 

swimming paddles on rear legs; red, green, 

orange, or tan in color. 

Xanthidae sp. 

Physical Description: Black-tipped chelae 

(largest pinching claws); legs not adapted for 

swimming; carapace shaped hexagonal, 

transversely oval to circular; two to six spines 

or lobes on front of carapace (antero-lateral 

margins). 
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Grass Shrimp or Common Shore Shrimp 

(Palaemonetes spp.) 

Physical Description: Near transparent bodies 

up to 5 cm long; both dorsally and ventrally 

serrated rostrum; claws on the first two pairs 

of walking legs; well-developed spines on 

telson (two pairs dorsally, two pairs 

posteriorly. 

Paracaprella tenuis 

Physical Description: Slender body shape; 

attaches to substrate with rear legs; midbody 

segments have oval gills; smooth head and 

body (no spines). 

Sea pill bug (Sphaeroma quadridentatum) 

Physical Description: Mottled body coloration; 

telson and uropods proportionately large, 

forming a fan; short abdomen with only two 

segments; alive individuals roll into a ball 

when disturbed. 

Idotea sp. 

Physical Description: 7 pairs of pereiopods; 

laterally placed eyes; uropods not visible 

dorsally; flattened dorsoventrally 
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Microdeutopus gryllotalpa 

Physical Description: Tube building amphipod; 

coxal plates slightly overlap each other; 

telson is smoothly rounded; last three pairs of 

thoracic legs are slender; body size up to 

about 10 mm. 

Gammarus sp. 

Physical Description: Accessory flagellum 

present; uropods 3 biramous; kidney shaped 

eye. 

 

Corophium volutator 

Physical Description: Tube-dwelling amphipod 

with enlarged antenna for reaching out of 

tube; accessory flagellum absent; short telson. 

Jassa marmorata 

Physical Description: Tube-dwelling 

amphipod; legs 5-7 directed dorsally; 

gnathopod 2 much larger than 1; males may 

have very large gnathopods or smaller ones 

resembling females. 
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Amphithoe sp. 1 

Physical Description: Epifaunal tube dwellers; 

gnathopods powerful; short telson with no 

cleft; no accessory flagellum; spotted body. 

 

Ampithoe sp. 2 

Physical Description: Gnathopods powerful; 

short telson with no cleft; no accessory 

flagellum. 

Mytilus edulis 

Physical Description: Attached to substrate by 

byssal threads; slender brown foot; smooth 

shell, usually blue but sometimes brown; 

shell length up to 8 cm. 

Geukensia demissa 

Physical Description: Shell with distinct ribs; 

secretes bush of byssal threads; interior of 

shell silvery white; yellowish, brown or 

blackish brown outside. 
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Botrylloides violaceus* 

Physical Description: Colonial ascidian with 

encrusting habit; zooid clusters take form of 

multiple (>10) lobes around central exhalent 

siphon; zooid clusters typically orange in 

color, embedded within clear to light-orange 

gelatinous matrix.  

Botryllus schlosseri* 

Physical Description: Colonial ascidian with 

encrusting form; typical star-shaped pattern 

of feeding zooids ~1mm in diameter 

surrounding central exhalent siphon; 

coloration varies widely in this species and 

identification from zooid form is most 

reliable 

 

 Molgula manhattensis 

Physical Description: Solitary ascidian with 

exhalent and inhalant siphons of equal size 

set at ~45° angles from approximately 

spherical main body; outer tunic often 

covered in detritus, sediment or fine algae. 

5.3 Sessile invertebrates 
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Membranipora membranacea* 

Physical Description: Encrusting bryozoan 

with zooids ~1mm in length, skeleton forms a 

lace-like pattern across the substrate, with a 

uniform white coloration; colonies may be 

covered in fine silt or, if dead, may be 

colonized by algae. 

Barnacle (Amphibalanus spp.) 

Physical Description: Amphibalanus improvisus 

(Bay barnacle, left) found intertidally in high 

densities; maximum size ~6 mm.  

Amphibalanus eburneus (Ivory barnacle, right) 

found subtidally; maximum size 25 mm.  

Both species with fused plates and diamond-

shaped operculum.  

Tube-dwelling organisms – e.g. amphipod 

(top), polychaete (bottom) 

Physical Description: Build tubes of detritus 

and algae, amphipod tubes often flat against 

hard surface; presence of worms often 

indicated by small holes in detrital mounds 

from which appendages protrude. 

Sea lettuce (Ulva spp.) 

Physical Description: Microalgae with bright 

green coloration and single very thin (~40 

µm), flat, blade-like thallus; often hard to 

differentiate from Enteromorpha, but usually 

has broader fronds cf. ‘stringy’ fronds; thallus 

margins often ruffled; occurs in shallow 

waters attached to hard substrate. 
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6. Potential Fish Food Index for Common Invertebrates from New York – New Jersey 

Harbor Shorelines 3 

Every animal has a suite of traits suited to its lifestyle (e.g. body size and shape, mobility, 

preferred microhabitat and foods). The traits of animals can be used to add additional layers of 

information to ecological assessments. Selecting a subset of traits for use in each assessment 

depends upon the specific objectives of each study. Increasing habitat and food resources for native 

fish populations is often among the primary objectives of estuarine shoreline rehabilitations. There 

is considerable information about the structural microhabitat elements preferred by different fish 

species, especially commercially important or iconic species. For example, many estuarine fish 

species are known to preferentially use the cover provided by submerged macrophytes or large 

wood, rather than more open microhabitats (e.g. Everett and Ruiz 1993, Peterson et al. 2000). 
There is also some information about the dietary preferences of fish, with many feeding upon 

invertebrate species that inhabit hard shorelines. Determining the relative availability of potential 

fish foods may aid in assessing the overall habitat values of hard shorelines.  

 Estuarine fish are of particular interest to human populations owing to their economic and 

recreational values. Many fish species use the microhabitats provided by hard structures along 

estuarine shorelines during some of their lives. Whilst colonization devices do capture some fish 

(Reid et al. 2015), they are not specifically designed to do so. Conducting surveys to obtain an 

accurate estimate of the value of a specific hard shoreline habitat for fish would require 

considerable resources, given the spatial and temporal variability of highly mobile fish populations. 

The resources required likely precludes including fish surveys in a protocol to directly assess the 

relative habitat values of hard shorelines for fish. However, given their commercial value there is 

much useful published information about the resources and conditions required by different fish 

taxa, including preferred prey. Invertebrate community data may be useful for assessing the 

relative availability of fish prey at a particular shoreline. To convert invertebrate community 

structure data into a potential fish food index requires assigning each invertebrate taxon a relative 

fish food value score, e.g. 0 if not or only rarely eaten, 1 if eaten often but not a preferred food and 2 

if eaten often and a preferred food (Table A1). There is currently limited species-specific 

information about the relative suitability of different taxa as fish food: scores should be updated as 

new information is published for each taxon. Below is the first iteration of a potential fish food 

index for those taxa occurring on hard shorelines in New York – New Jersey Harbor (Reid et al. 

2015). The information can be used to provide a single number for the relative fish food value 

(FFISaverage) at each shoreline, using the formulae: 

FFISaverage = (FFIS1 x n1) + (FFIS2 x n2) + (FFIS3 x n3) … + (FFISi x ni) 

(n1 + n2 + n3 … + ni) 

Where FFISi is the fish food index score of taxon i and ni is the average number of taxon i 

captured across replicate colonization devices deployed at the shoreline. 

                                                           
3 Information for development of FFIS compiled by Hillary Smith and Alex Fox 
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Table A1: Fish food index scores (FFIS) for mobile and sessile invertebrate taxa occurring on 

hard shorelines in New York – New Jersey Harbor 

 Taxon Food Predators FFIS 

M
o

b
il

e 
in

v
er

te
b

ra
te

s 

Mud crab (e.g. 

Rhithropanopeus harrisii) 

Detritus, molluscs, 

worms, scavenger 

Fish, preferred food 2 

Blue crab Callinectes 

sapidus 

Omnivore, prefers, 

bivalves, annelids, small 

fish 

Eels, medium and large 

fish  

1 

Shore crab Hemigrapsus 

sanguineus  

Bivalves, opportunistic 

omnivore 

Possibly medium sized 

fish, shorebirds 

1 

Grass shrimp Varied diet of small 

invertebrates, diatoms 

and detritus 

Small and medium fish 1 

Caprellid amphipod Diatoms, detritus, 

epiphytic algae 

Small and medium fish 1 

Scuds (e.g. Gammarus 

spp.) 

Detritus Small and medium fish 1 

Isopod (e.g. Idotea) Amphipods Most fish 1 

Mobile polychaete 

worm (e.g. Nereis spp.) 

Scavenges flesh, detritus Most fish, preferred 

food 

2 

S
es

si
le

 i
n

v
er

te
b

ra
te

s 

Mud worm (e.g. 

Polydora ligni) 

Filter microalgae and 

suspended particles 

Small crustaceans, 

possibly small fish 

1 

Tube amphipod (e.g. 

Jassa marmorata) 

Filter microalgae and 

suspended particles 

Small crustaceans, some 

small fish 

1 

Barnacles (Amphibalanus 

spp.) 

Filter microalgae and 

suspended particles 

Whelks  0 

Arborescent bryozoa  Filter microalgae and 

suspended particles 

Small crustaceans, small 

fish, nudibranchs (sea 

slugs) 

1 

Encrusting bryozoan Filter microalgae and 

suspended particles 

Nudibranchs 0 

Colonial ascidians (e,g, Filter microalgae and Unknown  0 
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Botryllus, Botrylloides) suspended particles 

Solitary ascidians (e.g. 

Molgula spp.) 

Filter microalgae and 

suspended particles 

Unknown – possibly 

small fish 

1 

Mussels (e.g. blue 

mussel Mytilus edulis, 

ribbed mussel Geukensia 

demissa) 

Filter microalgae and 

suspended particles 

Some fish, shorebirds, 

crustaceans 

1 

Atlantic oyster 

(Crassostrea virginica) 

Filter microalgae and 

suspended particles 

Oyster drills, shorebirds 0 
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7. Recommendations for Future Protocol Development 

The methods detailed in this protocol were designed to facilitate assessment of the relative 

habitat values of urban shorelines in the highly urbanized New York – New Jersey Harbor. Such 

assessments are required to determine whether completed hard shoreline rehabilitations are in 

fact providing enhanced habitat for native communities and to build a database of standardized 

assessments of such shorelines (including both ‘successes’ and ‘failures’) to inform the design and 

management of future urban shorelines. Reid et al. (2015) describe the steps taken during the 

initial development of this protocol and results from a study to test the protocol. Briefly, 

invertebrate communities in colonization devices did not differ significantly between paired 

vertical seawall and more structurally complex riprap shorelines that were in close proximity (i.e. 

within 1 km of each other) in New York – New Jersey Harbor, but communities in devices did differ 

at different locations across the harbor (Reid et al. 2015). The distribution of riprap shoreline in 

New York – New Jersey Harbor is highly fragmented and patchy, which may explain why 

communities on these shorelines were similar to those on surrounding seawalls. Alternatively, 

community structure may differ on nearby seawalls and riprap (and other more structurally 

complex hard shorelines), but the colonization devices were not sensitive enough to detect the 

differences. Cross-validation with other methods is required to determine whether colonization 

devices provide ecologically meaningful data. More study is also required to determine those 

variables other than local habitat structure which most influence the structure of hard shoreline 

communities. Further, widespread use of this protocol will benefit by reducing costs. It may be 

possible to improve the efficiency of the protocol without compromising the ability for collected 

data to act as a proxy for assessing local community structure, by reducing the time required to 

process and identify mobile invertebrates, e.g. by live-picking in the field. 

 

 Cross-validation 

To be ecologically meaningful and useful in the assessment of the habitat value of different 

shorelines, the communities that colonize devices need to be representative of those occurring on 

each shoreline where they are deployed. The use of colonization devices in community assessment 

is based on the assumptions that: i) most colonists of introduced substrates will arrive from the 

microhabitats immediately surrounding the substrate; and, ii) that the survival and growth of 

colonists to identifiable forms will be influenced by local microhabitat features after arrival. If these 

assumptions are met, the communities retrieved in colonization devices are representative of the 

community in the microhabitat in which they are deployed. However, if many colonists arrive from 

habitats outside of those immediately surrounding deployed devices and survival to identifiable 

forms is not influenced by the microhabitat surrounding devices, the communities on colonization 

devices may not provide a reliable indication of the relative habitat value of the local shoreline.  

Cross-validation using different methods of hard shoreline habitat assessment (Table 1) should 

be conducted to confirm that the community identified using each method is representative of that 

occurring on the shoreline and to identify which method is best able to provide an accurate 

assessment of shoreline community structure. Assessments of community structure determined 

using colonization devices should be compared with other subtidal assessment methods: suction 

samplers, scrapes and photoquadrats. Cross-validations should be performed along readily 

accessible shorelines with low turbidity, given that this will allow all methods to be performed on 
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the same shoreline, including the collection of high resolution underwater photographs for 

photoquadrats. Comparison of settlement plate photographs and photoquadrats of shorelines at the 

same depth as colonization devices are deployed should be used to confirm that the early-

successional stages of epibenthic communities which colonize settlement plates are representative 

of established communities on shorelines. This was attempted in New York – New Jersey Harbor, 

but low visibility hindered the ability to take in situ photographs of high enough resolution to allow 

assessment of shoreline epibiota (Reid et al. 2015). 

During cross-validation studies it would also be possible to trial the addition of different 

materials to colonization devices (e.g. replace bricks with cleaned rocks or oyster shell), with a 

view to determining the optimal materials to use in devices to ensure that communities in devices 

accurately reflect those on shorelines. 

 

 Investigative whether cinching a net around devices is feasible and useful for consistently 
preventing mobile colonists from escaping during device retrieval 

Colonization device are designed to allow retrieval of communities that are reliable proxies of 

the communities on shorelines where each device is deployed. This relies on colonists mainly 

arriving from microhabitats immediately surrounding each colonization device; their survival 

depending upon the conditions, resources and biotic interactions in the environment immediately 

surrounding devices; and, colonists remaining in devices when they are retrieved. If possible, it 

would be valuable to design a net that could be closed around the bricks and plastic mesh netting 

when colonization devices are retrieved. This would allow assessment of whether certain taxa are 

able to escape capture with the absence of such a net, and to determine whether this has a 

significant influence on the assessment of the habitat value of shorelines. 

 

 Refining suite of abiotic variables required for assessment 

As more case studies of shoreline habitat assessments are compiled, it may become evident that 

the suite of abiotic variables recommended for measurement in this protocol needs to be refined 

(i.e., some added and/or some removed). For example, previous studies of the influence of different 

shoreline designs on biodiversity have estimated the power of water movement (exposure to 

waves and currents) along each shoreline. Strayer et al. (2012) deployed a modified dynamometer, 

which is designed to measure peak wave forces, but also mention the need for a faster, easier, more 

reliable and more standardized method to measure the relative ‘exposure’ of shorelines. 

 

 Increased efficiency in invertebrate processing by ‘live-picking’ in the field 

Considerable investment is required to sort through mobile invertebrate samples in the 

laboratory (e.g. an average of 2 hours per sample during development of this protocol, Reid et al. 

2015). The time required to sort through and identify invertebrate samples can be reduced by live-

picking in the field, as used in rapid bioassessments of aquatic invertebrate communities (e.g. 

Growns et al. 2005). Live-picking involves transferring the sample of the mobile invertebrate 

community from the colonization device to a tray prior to adding preservative, then using forceps 
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and pipettes to pick live animals from the sample over a standard duration of time (e.g. 20 

minutes). However, studies are required to investigate the effort required to ensure that ‘live-

picked’ communities are representative of those obtained by preserving the entire sample collected 

from colonization devices. This could be achieved by comparing communities from live-picked 

samples and communities from the remaining sample left after live-picking. Such studies could 

coincide with studies to cross-validate different assessment methods for subtidal communities on 

hard shorelines. 
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Appendix 1: Data sheets for field and laboratory 
A.1. i) Site characterization field sheet 
 

 

 

 

Shoreline habitat assessment: site characterization                 page 1 of 2 

Site name     Site code 

Shoreline type 

Personnel     Date      

Time       Tide  

 

              units 1               2              3             4                           5 

Salinity 

Conductivity 

pH 

Oxygen 

Turbidity 

Temp 

 

Use an inclinometer to measure the slope from the top of the shoreline to the waterline across five transects placed perpendicular to water and equally spaced across the site  

1               2              3             4                           5 

Shoreline slope 

 

Sediment grain size (at RipRap sites) 
Categorize and tally the sediment grain size at every meter across a 100 m long transect placed parallel to water on lowest accessible level of shoreline 
Silt/clay (0) 

Sand (1) 

Sand to marble sized (16 mm, gravels: 2) 

Marble to tennis ball sized (64 mm, pebbles: 3) 

Tennis to basketball sized (250 mm, cobbles: 4) 

Basketball to 1 m diameter (small boulders: 5) 

1 to 4 m diameter (large boulders: 6) 

>4 m diameter (bedrock: 7) 

Water samples collected (tick box)              Data logger serial number 

Site photograph numbers 
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Shoreline habitat assessment: site characterization                 page 2 of 2 

Cross sectional diagram of shoreline (include general description of structural complexity) 

 

 

 

 

 

 

 

 

Plan diagram of site (include significant land marks, N direction, surrounding activities on landward 
side, whether there are sewage outflows and/or boat traffic nearby, approximate scale, etc.) 

 

 

 

 

 

 

 

 

 

Additional notes (including directions to site, contact details for access): 

 

 

 

 

 

 

 

 

 

Plan diagram of site (include significant land marks, N direction, surrounding activities on landward 
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Example of a completed site characterization field sheet: 
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A.1. ii) Colonization device retrieval field sheet 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Shoreline habitat assessment: colonization device retrieval                                                  page 1 of 1 

Site name     Site code 

Personnel     Date  

 

Settlement plate photograph and video numbers 

Plate ID*            Device 1    Device 2        Device 3            Device 4   Device 5 

1 inward 

1 outward 

2 inward 

2 outward 

3 inward 

3 outward 

4 inward 

4 outward 

* The diagram shows numbering of settlement plates on colonization devices. Inward/outward refers to the orientation of the surface of the settlement plate being photographed 

when the plate was attached to the colonization device. If different materials were used for each settlement plate, note the material alongside the photograph number. 

 

 

 

 

 

Mobile samples collected from netting (tick boxes) 

      Device 1                  Device 2                  Device 3                   Device 4                   Device 5 

Additional notes and/or photograph numbers for components of devices other than settlement 

plates: 

 

 

  

 

Shoreline habitat assessment: colonization device retrieval                                                  page 1 of 1 

Site name     Site code 

Personnel     Date  

 

1 2 

netting 

bricks 

1 2 

3 4 

Top of device 

Le
ft

 

R
ig

h
t Le

ft
 

R
ig

h
t 
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A.1. iii) Labels for mobile invertebrate samples collected in colonization devices for shoreline habitat 

assessment 

SHORELINE HABITAT ASSESSMENT 

Site name: 

Shoreline Type: 

Site code: 

Date: 

Personnel: 

Device #: 

SHORELINE HABITAT ASSESSMENT 

Site name: 

Shoreline Type: 

Site code: 

Date: 

Personnel: 

Device #: 

SHORELINE HABITAT ASSESSMENT 

Site name: 

Shoreline Type: 

Site code: 

Date: 

Personnel: 

Device #: 

SHORELINE HABITAT ASSESSMENT 

Site name: 

Shoreline Type: 

Site code: 

Date: 

Personnel: 

Device #: 

SHORELINE HABITAT ASSESSMENT 

Site name: 

Shoreline Type: 

Site code: 

Date: 

Personnel: 

Device #: 

SHORELINE HABITAT ASSESSMENT 

Site name: 

Shoreline Type: 

Site code: 

Date: 

Personnel: 

Device #: 

SHORELINE HABITAT ASSESSMENT 

Site name: 

Shoreline Type: 

Site code: 

Date: 

Personnel: 

Device #: 

SHORELINE HABITAT ASSESSMENT 

Site name: 

Shoreline Type: 

Site code: 

Date: 

Personnel: 

Device #: 

SHORELINE HABITAT ASSESSMENT 

Site name: 

Shoreline Type: 

Site code: 

Date: 

Personnel: 

Device #: 

SHORELINE HABITAT ASSESSMENT 

Site name: 

Shoreline Type: 

Site code: 

Date: 

Personnel: 

Device #: 

SHORELINE HABITAT ASSESSMENT 

Site name: 

Shoreline Type: 

Site code: 

Date: 

Personnel: 

Device #: 

SHORELINE HABITAT ASSESSMENT 

Site name: 

Shoreline Type: 

Site code: 

Date: 

Personnel: 

Device #: 

SHORELINE HABITAT ASSESSMENT 

Site name: 

Shoreline Type: 

Site code: 

Date: 

Personnel: 

Device #: 

SHORELINE HABITAT ASSESSMENT 

Site name: 

Shoreline Type: 

Site code: 

Date: 

Personnel: 

Device #: 

SHORELINE HABITAT ASSESSMENT 

Site name: 

Shoreline Type: 

Site code: 

Date: 

Personnel: 

Device #: 

SHORELINE HABITAT ASSESSMENT 

Site name: 

Shoreline Type: 

Site code: 

Date: 

Personnel: 

Device #: 

SHORELINE HABITAT ASSESSMENT 

Site name: 

Shoreline Type: 

Site code: 

Date: 

Personnel: 

Device #: 

SHORELINE HABITAT ASSESSMENT 

Site name: 

Shoreline Type: 

Site code: 

Date: 

Personnel: 

Device #: 
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A.1. iv) Suggested labelling format for settlement plate photographs taken for shoreline habitat 

assessment 

Below is a photograph showing the use of a laminated label to provide unique identifying 

information for each settlement plate photograph (Fig. a1). The label shown on the left of the figure 

can be reused for each settlement plate if it is laminated and non-permanent markers used. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A1: Photograph of a settlement plate with laminated label to identify each sample 

and frame made from plastic rulers for accurate scaling of each photograph. For each 

settlement plate the photograph number/s should also be noted on the colonization device 

retrieval field sheet (see A.1 ii). This enables the labelling in photographs to be cross-

referenced with photograph numbers on field sheets when uploading digital images, which 

facilitates rectifying any errors in labelling.  
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A.1. v) Laboratory datasheet for invertebrate and encrusting algae identifications 

SHORELINE HABITAT ASSESSMENT 

Site name: Page ____ of ____ 

Site code: Shoreline type: 

Trap #: Plate # and material (if settlement plate): 

Date trap collected: Date sample identified: 

Person identifying sample: 

 

Taxon name Abundance or Cover (%) 
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Appendix 2: Hard Shoreline Restoration and Assessment Resources 

The sources of information for design and assessment of hard shorelines designed to 

support beneficial ecological functions is ever expanding. The list of resources below is not 

intended to be comprehensive. However, the list provides links to some of the information and 

organizations involved in the science, design and management of shorelines designed with 

ecological considerations, with further links provided by each listed website.  

 Hudson River Sustainable Shorelines project: information to guide shoreline management 
to enhance ecological benefits, whilst meeting engineering needs 

(https://www.hrnerr.org/hudson-river-sustainable-shorelines/). 

 Metropolitan Waterfront Alliance: information about the ‘Design the Edge’ project, 
including shoreline design principles and a link to the New York City Comprehensive 

Waterfront Plan (http://www.waterfrontalliance.org/projects/designtheedge). 

 Center for Coastal Resources Management, Virginia Institute of Marine Science: information 
about ‘Living Shoreline’ policy, design and research 

(http://ccrm.vims.edu/livingshorelines/index.html). 

 Virginia Institute of Marine Science: details of the ‘Living Shoreline Summit’, held in 
Williamsburg, Virginia in 2006 

(http://www.vims.edu/cbnerr/coastal_training/recent_workshops/ls_summit.php). 

 Restore America’s Estuaries: details of the ‘Living Shoreline Summit’, held in Cambridge, 
Maryland in 2013 (https://www.estuaries.org/2013-mid-atlantic-living-shorelines-

summit) 

 National Oceanic and Atmospheric Administration (NOAA): ‘Living Shoreline’ planning and 
implementation 

(http://www.habitat.noaa.gov/restoration/techniques/livingshorelines.html). 

 ‘Jason Toft’s World’, University of Washington (http://staff.washington.edu/tofty/j.html). 
See current projects, including: 

- The Shoreline Monitoring Toolbox includes a decision tree to guide decisions regarding 

which attributes of shorelines to monitor, methods for surveying different attributes and 

strategies for data collection and management; 

- Shoreline monitoring inventory (21 programs) and identification of priority knowledge 

gaps by the Puget Sound Ecosystem Monitoring Program; 

- Research to identify the physical and biological impacts of shoreline hardening in Puget 
Sound; 

- Biological and physical monitoring of shoreline enhancements at Olympic Sculpture Park, 

Seattle; 

- Seattle Seawall Habitat Enhancement Project: research on the benefits of large concrete 
habitat panels for invertebrates and fish in Seattle; and, 

- Benthic invertebrate monitoring after removal of seawall at Seahurst Park, Puget Sound. 

https://www.hrnerr.org/hudson-river-sustainable-shorelines/
http://www.waterfrontalliance.org/projects/designtheedge
http://ccrm.vims.edu/livingshorelines/index.html
http://www.vims.edu/cbnerr/coastal_training/recent_workshops/ls_summit.php
https://www.estuaries.org/2013-mid-atlantic-living-shorelines-summit
https://www.estuaries.org/2013-mid-atlantic-living-shorelines-summit
http://www.habitat.noaa.gov/restoration/techniques/livingshorelines.html
http://www.habitat.noaa.gov/restoration/techniques/livingshorelines.html
http://staff.washington.edu/tofty/j.html
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 Centre for Research on Ecological Impacts of Coastal Cities, The University of Sydney 

(Australia): research on the ecological effects of urbanization of coastal ecosystems 

(http://sydney.edu.au/science/bio/eicc/). 

 University of Exeter (UK), Coastal Defences and Biodiversity: research to assess how coastal 
ecosystems respond to hard structures built in the intertidal zone and actions to enhance 

ecological values of such structures 

(http://www.biogeomorph.org/coastal/coastaldefencesbiodiversity/) 

 Urbane Research on Biodiversity on Artificial and Natural Coastal Environments (UK): 

research to better understand the ecology of artificial urban coastal habitats, promote 

biodiversity and minimise impacts (http://urbaneproject.org/project) 

 Interdisciplinary Centre of Marine and Environmental Research (Portugal), Biodiversity on 

Urban Structures (BUS): research to determine how changes in coastal habitat influence 

local and regional patterns of biodiversity (http://www.bus-project.info/) 

 THESEUS (Innovative technologies for safer European coasts in a changing climate): coastal 

risk assessment project with >€6 million funding and 31 partner institutes. The primary 

objective is to provide an integrated methodology for planning sustainable defence 

strategies for the management of coastal erosion and flooding which addresses technical, 

social, economic and environmental aspects (http://www.theseusproject.eu/) 

 SeArc, Ecological marine Consulting (Israel): consulting information for infrastructure 

design to enhance ecological values and minimizing negative impacts on surrounding 

ecosystems (www.searc-consulting.com). 

 

 

 

http://sydney.edu.au/science/bio/eicc/
http://www.biogeomorph.org/coastal/coastaldefencesbiodiversity/
http://urbaneproject.org/project
http://www.bus-project.info/
http://www.theseusproject.eu/
http://www.searc-consulting.com/
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The work contained in this manual has been funded (in part) by an agreement awarded by the 

Environmental Protection Agency to the Hudson River Foundation for the New York-New Jersey 

Harbor & Estuary Program. The views expressed herein do not necessarily reflect the belief or 

opinions of the Harbor & Estuary Program or the Hudson River Foundation, which assumes no 

responsibility or liability for the contents or use of the information herein. Although the 

information in this document has been funded wholly or in part by the United States Environmental 

Protection Agency under agreement to the Hudson River Foundation, it has not undergone the 

Agency’s publications review process and therefore, may not necessarily reflect the views of the 

Agency, and no official endorsement should be inferred. The viewpoints expressed here do not 

necessarily represent those of the New York-New Jersey Harbor & Estuary Program, Hudson River 

Foundation, or United States Environmental Protection Agency, nor does mention of trade names, 

commercial products, or causes constitute endorsement or recommendation for use. 
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