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2. Background

2.1 Overview

National Reef Monitoring Network (an IMOS sub-facility)

The National Reef Monitoring Network (NRMN) is an IMOS sub-facility that brings together
shallow reef surveys conducted around Australia (and globally) into a centralised database.

The IMOS National Reef Monitoring Network sub-facility collates, cleans, stores, and makes
this data rapidly available from contributors, including Reef Life Survey.

Reef Life Survey Photo Quadrats

A common Reef Life Survey method is Method 13, also known as the photo quadrats
method.

In this method, the target groups are:

e all algae
¢ sessile invertebrates (including corals)
e substratum categories (e.g., sand)

Digital photo-quadrats are taken directly downwards from approximately 50 cm above the
seabed in a line. A typical photo-quadrat survey is comprised of 20 images taken in a line.

The percentage cover of different macroalgal, coral, sponge, and other attached
invertebrate species in photo-quadrats is later assessed using Squidle+ annotation, and is
therefore not part of the initial field survey itself.
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2.2 Squidle+

Squidle+ is a centralised marine image data management, discovery, and annotation
platform with vocabulary translation.

Reef Life Survey uses Squidle+ to:

e Store photo-quadrat surveys image data
¢ Annotate (and store annotations of) photo-quadrats

Basis of the NRMN Photo Quadrat Aggregated Data Product

Bulk exportation of Squidle+ data requires experience working with REST APIs (see API
reference here) as well as a good understanding of relational databases.

The complexity of the underlying Squidle+ relational database further complicates the
extraction and aggregation of Squidle+ data into aggregated data products suitable for
scientific analysis, as exemplified by the simplified Entity-Relationship Model (ERM):

annotation_tags

annotation_id integer

tag_id integer
\tag_id:id

annotation_id:id

parent_id:id ) v snonym_tag_id 4
. label_vocab_element T
annotation tag
; ) label_id integer o
id integer L id integer
vocab_element_id integer
\label_id:id N
[ o llabel_id:id
- - - point_id:idg parent_idid v wocab_glement_id:id
media_collection_media .
pose point label vocab_element
L media_id integer P > - . .
id integer . . . . id integer id integer id integer
media_collection_id  integer annotation S 13
media_d:id| media id:id i R vocab_registry_key key
) -ll'_l'leﬂla_ld'ld ) - - ) annnrar-lon_ser_ld'l-i label_scheme_id:-id
parent_id:id |parent_id:id v
media . annotation_set vocab_registry
id integer media collection id-id id integer key varchar(26)
L media_collection_id:id |
media_t\.lpe_l:l:ld' d!plwm!l’“‘_ld:l% parent_calléction_id:id pare*_la.bel_scheme_id:id- *abel_scheme_id:ld
media_type deployment > media_collection > label_scheme
id integer id integer id integer id integer
datasour(e_nd:ud" "‘;ampalgn_nd (0]
datasource campaign
id integer id integer
) | platform_id:id
datasource_type_id:idy wplarform_id:id
datasource_type platform
id integer id integer

The goal of the aggregated data product is to flatten the NRMN Photo Quadrat annotations
into a single aggregated data product ready for scientific analysis.
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https://squidle.org/api/help

Normalised Annotations
Annotated Photo Quadrat surveys use different labelling schemes.

While these schemes are similar, they have subtle differences in their depth and hierarchical
structure, which complicates survey analysis.

Squidle+ facilitates translation of label schemes, allowing surveys annotated with different

label schemes to be easily compared.
The labels in this dataset are translated to:

1. Catami 1.4
2. RLS Catalogue.

Both label schemes are available under the Public Schemas section at Squidle+.
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https://squidle.org/

3. Methodology

The NRMN Photo Quadrat Aggregated Data Product (Data Product) relies on the standard
Extract, Transform, and Load (ETL) methodology.
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3.1 Extract

Data Sources

There are two data sources for the NRMN Photo Quadrat Aggregated Data Product:

1. A static export of survey aggregated data from the legacy database
2. A dynamic export of raw annotations (non-survey aggregated data) from Squidle+

The Data Product harmonises the data from these sources.

Static Export

The static export is securely cached in S3 buckets available for in AODN Non-Production and
Production Amazon tenants.

Squidle+ Extraction
Extraction from Squidle+ is performed using the Squidle+ API.

Data Access Control

While Squidle+ is a public, free tool, users may selectively share their data with other users
rather than allow it to be fully public.

The NRMN data in Squidle+ is mostly private. A curated subset of NRMN's quality-controlled
survey data is shared with the aodn@nrmn.org.au Squidle+ account.

Annotations, Annotation Sets and Labels

There are three separate export methods required to extract NRMN Photo Quadrat
Annotations from Squidle+:

1. Export all Annotation Sets thatareinthe RrLs platform.
2. Export all Annotation that are in those annotation sets.
3. Export all Label and their translations to the desired label schemes.

Annotation Set Export

Annotation Sets are exported in JSON format and normalised to a table structure. An
excerpt of a typical JSON export for an Annotation set is shown below, illustrating the
nested structure that requires flattening:
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"metadata": {

"id": 800,

"data": {
"type": "quincunx",
"params": {"grid": "show"},
"allow_add": true,
"allow_wholeframe": false,
"labels_per_point": 1,
"labels_per_frame": 1

+

"name'": "***!",

"description": "RLS HC species",

"created_at": "***",

"annotation_count": 50,
"usergroup_count": 1,
"media_count": 43,
"point_count": 210,

"unannotated_point_count": 160,
"label_scheme": {"id": 11, "name":
List"},
"user": {"id": 166, "username'": "***",
"last_name": "***"1},
"media_collection": {"id": 872, "name":
true}
}I
"objects": [
{
"point": {
"media": {
"deployment": {
"id": 7108,
"campaign": {"id": 376,
"key": "RLS_Whitsundays"},
"name": "GBR",
"key": "GBR"
}I
"id": 5426153,
"key": "image_0.jpg"
}I
"pose": {
"id": 5426153,
"lon": 149.13078510189496,
"lat": -19.8099775,
"dep": 5.0,
"timestamp": "***",
"data": {3,
"timestamp_local": "***"
}I
"is_targeted": false,
"y": 0.8333333333333334,
"x": 0.16666666666666666,

"has_xy": true,
"data": {3},
"id": 7770846

iy

"first_name":

Mk *x%xn
’

"name" :

"RLS Australian Coral Species

Mk %xxN
r

"current_user_can_view":

"RLS_Whitsundays",
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LR ]

"user": {"affiliations_names": "***" '"username": ,
"full_name": "***"},

"updated_at": "***",

"tag_names": "",

"likelihood": 1.0,

"needs_review": false,

"id": 7878480

iy

\

These exports are aggregated into label translated survey data in the transform step.

Validation

Squidle+ JSON data is validated using Pydantic models to ensure data integrity.
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3.2 Transform

Transform is required for both data sources.

Static Export Transformation
The static export is already aggregated to the survey and requires little transformation:
Add Scalars

The following scalar fields are added to each record:

r
{
"database": "NRMN",
"annotation_method": "full biodiversity",
"program": "RLS",
"sg_annotation_set_id": null,
"sg_annotation_set_owner": null
}
.

Construct Dataset ID
A unique Dataset ID is constructed from the survey_id and resolution .
Update the RLS Lineage

The static export does not have the full RLS lineage. This is added using the Squidle+ Label
Scheme translation exports, for example: crustose coralline algae istranslated to Biota

> Macroalgae > Crustose coralline algae .
Translate Bleached and Dead Coral Columns to Tags

The indicators for bleached and dead coral are columns. The parquet format allows these
columns to be translated to a single tags column in line with the Squidle+ exports:

Bleached Dead -> Tags

True False ["bleached"]
False True ["dead"]
False False 1

Column Renaming
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Old Column Name New Column Name

survey_date date

resolution label_scheme
original_category original_label
rls_category ris_label

catami catami_label

num_points label_count

total_points dataset_total_label_count

Squidle+ Export Transformation

Squidle+ data comes as raw annotations records as opposed to aggregated survey coverage
information. It requires much more transformation than the static export transform.

Additionally, there are two kinds of annotation method: (1) Full biodiversity and (2) Targeted
Coral.

These methods require different processes to correctly aggregate raw annotations into
surveys.

Diagram
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Squidle-Export-Transform

Raw Annotations

Object Format

polars.json_normalize()

Annotations

Table Format

Transforms applicable to both
annotation methods

Pre-Processed
Annotations

Table Format

Media Metadata Survey Metadata

Table Format Table Format
Media structure grouped Survey structure grouped

by media.id by deployment.id

Ad(d filter columns to allow splitting
between targeted and full
biodiversity surveys

Remove Annotations where related
media has no annotations

Pre-Filtered
Annotation

Table Format

Targeted Coral Full Biodiversity
Annotation Annotation
Table Format Table Format
Targeted Coral Full Biodiversity
Survey Survey
Table Format Table Format

vstack vstack
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Survey

Table Format

Public Survey Private Survey
Table Format Table Format
Remove Pl

De-resolution location
Drop sensitive labels

Transform Validation

The transform is validated against the schema:

name type nullable
dataset_id string false
database string false
program string false
country string false
area string false
location string false
site_code string false
site_name string false
latitude float64 false
longitude float64 false
date date32[day] false
hour string true
depth float64 false
visibility float64 true
label_scheme string false
original_label string false
ris_label string false
rls_lineage string true
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catami_label
catami_lineage

tags

label_count
dataset_total_label_count
percent_cover
sq_annotation_set_id
sg_annotation_set_owner
method

h3_index

australian_marine_regions_tags

Geospatial Enrichment

The occurrence output dataset is enriched with the following geospatial columns:

string
string
string
float64
float64
float64
float64
string
string
string

string

false

false

true

true

true

false

true

true

true

false

true

e h3_index -A hexadecimal string representing a H3 polygon at resolution 5, derived

from the 1latitude and longitude
e australian_marine_regions_tags -A | separated tag column featuring common

Australian marine regions
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3.3 Load

Finally, the transformed Parquet is loaded in its private and public formats to AWS S3.

Private Survey Table

The private survey Table is stored for internal use by NRMN as both a Parquet file and a
CSV file.

Public Survey Table

The public survey table is stored for external use as:

1. A Parquet file
2. ACSVfile
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4. NRMN Flow Advantages

Reproducibility the original NRMN Squidle+ export scripts were not version controlled or
hosted in cloud ETL infrastructure, making maintenance difficult.

Space Efficiency raw static file and Squidle+ exports were reduced to ~1MB with modern
compression and file formats (Parquet), optimising storage and access.

Time Efficiency scheduled updates allow users to access up-to-date data in just a fraction
of the time (Squidle+ exports take at least 2 hours to complete).

Cloud-native workflows reduce 1/0 overhead.
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