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1 | INTRODUCTION

Coral reefs and mangrove forests face numerous threats that are
leading to levels of unprecedented change in the Holocene, includ-
ing those from climate change (Spalding & Brown, 2015), increased
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Abstract

1.

Meaningful conservation goals require setting baselines derived from long-term
ecological records and information that is rare in many regions of the world.
Historical data allow us to shift baselines back in time in order to strengthen con-

servation outcomes in the future.

. To explore how different histories of land use and development influenced coastal

ecosystems in two Fijian cities (Suva and Savusavu), we compared a series of his-
torical navigational charts. These charts recorded change in coral reef area and
coastal mangrove forests, as well as expansions of hardened shorelines. We used
geographic information systems (GIS) to georeference and make quantitative

comparisons starting in 1,840 in Suva and 1876 in Savusavu.

. Our findings show that, despite increasing urbanization in the capital Suva, avail-

able coral reef habitat has not significantly changed in over 150 years, but devel-
opment has hastened a nearly 50% loss of mangroves. Meanwhile, in the smaller
city of Savusavu, coral habitats suffered significant loss in area and an increase in
patchiness. As in Suva, shoreline hardening increased in Savusavu, but this change

was not accompanied by a loss of mangroves.

. Nautical charts provided hitherto unavailable information on the long-term loss

and alteration of coastal habitats in Fiji. Historical ecology allows scientists to
combat shifting baseline syndrome and set measured standards for conservation

objectives.
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storm frequency and intensity (Cheal et al., 2017), unsustainable
fishing practices (Rhodes et al., 2018), and deleterious land man-
agement practices (Shuler et al., 2019). Preserving biodiversity on
coral reefs and mangrove ecosystems are high priorities for conser-
vation (Duke et al., 2007; Knowlton, 2001; Munday, 2004; Pratchett
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et al., 2011). What is perhaps most challenging about these losses
is not only the rapidity with which they have taken place but also
the speed at which altered states have been accepted as the new
baseline (Klein & Thurston, 2016). Under the paradigm of “Shifting
Baseline Syndrome” (Pauly, 1995), each successive generation de-
fines a system's natural state as the conditions that exist when they
are first exposed to it. Absent information to the contrary, environ-
mental change that occurred before that first experience is rendered
invisible. This process perpetuates intergenerational amnesia about
what makes “natural” and “healthy” ecosystems.

Loss of historical perspective on environmental change presents
a challenge to management and conservation because it represents
a diminishment of the natural world and an acquiescence to envi-
ronmental degradation. Without adequate baselines, how can we
establish meaningful management goals? Thus, a critical step for
environmental managers and conservation biologists is defining the
tempo and modes of environmental change. However, one challenge
facing managers, particularly those working in the tropical Pacific,
is a lack of long-term data. These kinds of data are essential in com-
bating shifting baseline syndrome because they transcend the living
memories of current populations and recall a world that no one now
remembers. Without these records that world, and the conservation
and restoration potential it represents, passes from living memory
and out of our collective recognition.

One potentially useful source of long-term data is geospa-
tial data from aerial photography and satellite imagery (Palandro
et al., 2008; Whipple et al., 2011). Empirical, quantifiable data from
these images can be analyzed with geographic information sys-
tems (GIS) to provide a continuity of records. However, most aerial
photography only goes back 60-70 years and the first LANDSAT
satellite was launched in 1972. Hence, their ability to push back
against shifted baselines is limited (Bromberg & Bertness, 2005).
Documenting change prior to photographs and satellite imagery
requires exploring other sources.

Historical maps and charts offer the possibility of gathering data

that predate aerial and satellite photography. This is especially true

Town Established

for navigational charts that pay special attention to the location
and extent of marine hazards, including coral reefs, and shoreline
features, like mangrove forests. Historical charts have been used to
show changes in reef coverage in the Florida Keys over a 240-year
period (McClenachan et al., 2017), kelp forests in British Columbia
for nearly a century (Costa et al., 2020), and maps have been merged
with aerial photography to chronicle changes in California oak sa-
vannahs for over a century (Whipple et al,, 2011). Navigational
charts in the South Pacific, created by Europeans and Americans,
provide opportunities to explore ecosystem changes in places lack-
ing other published records. Reefs and mangrove forests are espe-
cially important in Fiji, where the Indigenous community remains

deeply connected to marine habitats.

1.1 | Na kena mapetaki na loma ni vanua kei na
wasawasa—Mapping the land and the sea

The Republic of Fiji is an archipelago in the South Pacific. Native
Fijians (iTaukei) have been in Fiji for at least 3,500 years and continue
to have close associations with the land (vanua) and sea (waitui). The
archipelago has been a center for economic and social trade and mo-
bility for millennia (Cochrane, 2017). While both Tasman (in 1643)
and Cook (in 1784) sighted the islands, the first European to make a
comprehensive map of Fiji was William Bligh, who after mutiny on the
H.M.S. Bounty sailed through the Fijian archipelago en route to what
is now Indonesia (Bligh, 2013). Additional charts were made by the
United States Exploring Expedition in 1,840 (Wilkes, 1845, Figure 1)
in support of burgeoning U.S. colonial interests (Smith, 2013). By the
time the United Kingdom seized control of Indigenous lands in 1874,
the British Admiralty was already publishing charts to help commer-
cial vessels navigate the reefs. Suva Harbor became Fiji's capital in
1882 (Seemann, 1862). Suva's conjoined political and economic val-
uation led to a rapid population increase in the city supplemented by
a trend toward increasing urbanization during the mid-20th century
(Ward, 1959).
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In the early 1900s, Suva had an array of marine habitats including
corals and mangroves (Sparling, 1923). Davis (1918) described the
reefs of Suva thusly: “Among other associates of the lagoon corals
are sea urchins with long black spines like knitting needles, large
dark blue starfish, slowly crawling reddish -brown sea - cucumbers,
and many kinds of fish of varied hues ... which swim about at ease
among the coral branches. ... The most remarkable are the gigantic
clams, one or two feet in length, which live embedded in the reef flat,
hinge-line down...” Some twenty years later Barrett (1935) opined,
“The crystal-clear waters of the lagoons of Fiji Harbour contain many
bright-hued fish and coral formations of a fairy-like beauty.”

Today, about a third of the country's population lives within or
near Suva (Dacks et al., 2020), which has led to declining environ-
mental conditions. By the end of the 20th century the harbor had
been dredged (Penn, 1983), shipyards were polluting local fisheries
(Davis et al., 1999) and relic reefs were subject to periodic inunda-
tion of sewage (Lal et al., 2018).

While Suva was experiencing these degradations, Savusavu on
the northern island of Vanua Levu was experiencing a different
suite of human interactions. The town of Savusavu was established
in 1969, although geothermal activity attracted small settlements
much earlier (Dana, 1849). James Dwight Dana (1849) describes the
springs around Savusavu, “A plain rising with a gentle slope from the
water extends back from the shore about three-fourths of a mile,
and then passes into the steep declivities of a high broken ridge, run-
ning nearly parallel with the coast. Patches of grass, and much low,
dense shrubbery, cover the plain near the springs; and some distance
to the right and left, large coconut groves throw some little beauty
into a scene otherwise unattractive.”

In addition to hot springs and coconut groves, Savusavu boasts
a natural deep harbor—one that was so large that it was considered
an ideal spot to shelter the U.S. Pacific fleet during World War I
(Inskip, 1937). While development around Savusavu has mostly cen-
tered on dried coconut (copra) production, in more recent times,
tourism has emerged as a larger economic driver (Graci & Vliet, 2020).
Along with this shift has been a conversion of mangroves to beach-
front (J. Drew, personal observation) and other structural and
environmental changes including proposed geothermal and solar ac-
tivities (Prasad & Raturi, 2019). Thus, in comparison to Suva, shore-
line development occurred without major shipping and population
pressures. Therefore, understanding the history of Savusavu gives
us insight into the ways human activity around smaller settlements
may have affected coastal morphology and biodiversity.

We aim to use historical charts to track how coral reefs and as-
sociated ecosystems in Suva and Savusavu have changed over time.
Many iTaukei rely on mangrove and coral habitat for food, income,
and ecosystem services (O’Garra, 2009; Sangha et al., 2019) and
identifying major habitat losses could shape conservation efforts in
the region by changing our understanding of what these ecosystems
look like when healthy. We specifically use the following metrics to
evaluate these system indicators: coral cover, coral fragmentation,
mangrove extent, and shoreline hardening. Together these indica-

tors allow us to assess how coastal habitats off these two Fijian cities
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Savusavu
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FIGURE 2 Locations of Suva and Savusavu in Fiji, with boxes
showing the approximate extent of charts used in this project

have changed over the past 160 years. As Suva has seen major indus-
trialization, and other studies have recorded reef degradation (e.g.,
Lal et al., 2018), we expected to see both loss of overall reef area
and increased reef edges in the later years of our study. In Savusavu,
which has not experienced a similar increase in population, we ex-
pected to see less reef loss. At both sites, we expected a decline
in mangroves, as there has been extensive loss of forests in Fiji
(Lal, 1990). By setting earlier baselines from which to evaluate cur-
rent and future conservation and management plans, our work im-
proves conservation goals by resetting these shifted baselines (Bao
& Drew, 2017) and by helping people remember the vivid splendor

of Fijian reefs.

2 | METHODS

We reviewed over 150 years of change in recorded coral and
mangrove habitat from Suva Harbor and Savusavu (Figure 2). We
examined scans of historical charts from the British Admiralty,
U.S. Exploring Expedition, U.S. Army, and Fijian Lands and Survey
Department. Charts were acquired from the U.K. Hydrographic
Office, National Library of Australia, State Library of New South
Wales, and the Bodleian Library at Oxford University. Initial
searches found over 50 charts that were identified for possible use
in this project. The charts chosen for analysis do not represent the
only ones available in the area, but all the available charts with suf-
ficient coral reef or mangrove detail and comparable scaling. Earlier
and later charts are highly detailed and best represent the change
in coral area.

To the best of our knowledge, individual charts represent sep-

arate surveying events (sampling efforts) or reflect major edits of
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earlier charts based on new survey data. Charts that were based on
the same sampling events were excluded from analysis to avoid rep-
lication and undue correlation. These decisions were based on data
provided on the charts themselves. Publication dates are the years
used in of analysis, as these represent the latest point of review.

ArcGlIS Desktop 10.8.0 and R Studio version 1.3.1073 were used
to prepare charts for analysis. Historical chart scans were georefer-
enced onto WGS 1984 following reference points procedure out-
lined in McClenachan et al. (2017) and Costa et al. (2020). At least
four referenced points were used per chart. A Projective and First-
Order Polynomial Transformation were compared for best fit and
selected based on lowest RMS error (each map <0.001 RMS error).
Charts compared in this analysis cover a relatively small geographic
area and were georeferenced with low RMS error, minimizing the
possible geodetic or planimetric error (Jenny & Hurni, 2011).

We measured change in habitat and other landscape metrics
by creating polygon features of coral reefs and polyline features
of mangrove coastline habitat. We used editor tools to manually
vectorize features from historical charts through heads-up digitiz-
ing. Charts drawn before 2018 included hand-drawn descriptions
of coral and mangrove habitat. Coral reefs were identified based
on written labels, symbols, and changes in soundings recorded on
the charts (Figure 3). In a few cases where cartographers differed
in the substrate designation of large patches, editorial decisions
were made to keep charts comparable. Polygon vectors were trans-
formed to raster layers with ArcMap Conversion tools. A raster cell
size (17.32 m) was chosen to account for differences in map scale
and the detail drawn upon them and is equal to the smallest charted
reef (300 m?). Spatial Analyst tools were used to reclassify polygons
and background area to coral and noncoral habitat. For each year
and location, we compared change in coral reef habitat in terms of
total area, number of patches, and edge length through time. We

used the tools CA (patch area), CORE (core area, or the area of each

patch which is not edge), NP (number of patches), PD (patch density,
or the number of patches per the total area, standardized for com-
parison), PERIM (length of edge), and ED (edge density, or the total
edge length per the total area, standardized for comparison) from
R package landscapemetrics (Hesselbarth et al., 2019) to compare
raster metrics.

Mangrove forests were identified from labels, symbols, and
coastline features. Change in mangrove habitat was compared as
a proportion of total coastline length. Shoreline hardening, where
natural coastal interfaces such as mangroves or sand shores are
replaced by human-built surfaces, was measured in terms of the
proportion of total coastline where anthropogenic structures (in-
cluding buildings, docks, roads, naval bases, golf courses, and rifle
ranges) met the coastline and no mangroves were present. These
structures were depicted on the charts with varying line thickness,
shapes, dashes, etc. and labels. River mouths were excluded from
coastline measurements. Nonmangrove and nonanthropogenic
coastline was categorized as other, which included meadows, non-
mangrove tree stands, beaches, rocky shore, and other natural habi-
tats. Measurements were calculated as proportions of total coastline
to account for differences in coastline detail among charts.

To accurately compare coral and mangrove habitat among charts
with different levels of detail, extent, and scale, not all charts are
used in every analysis (Table 1). Coral and mangrove habitat was
compared in overlapping areas so as not to misrepresent gain or loss.
Suva charts showed the same extent per each time period; how-
ever, charts for Savusavu depicted a much greater area than Suva
charts, so two separate analyses were completed. The first focused
on Savusavu town and surrounding reefs, so that a similar study
area (~3,625 ha) could be compared with Suva. The second utilized
all data available for Savusavu Bay, an area of roughly 112,000 ha.
Despite the disparity in extent between maps of Suva and Savusavu,

roughly similar levels of detail are available for each location. For
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FIGURE 3 Clipping of a 1945 Suva
chart, acquired from State Library of New
South Wales (Table 1). Color of original
chart has been edited to grayscale to
highlight features of interest. In clipping,
coral is represented by hatched coastline
on the original chart and highlighted in
orange, mangrove is represented by tree
symbols and curled lines on the original
and highlighted in green, while hardened
shorelines is represented by dark gray
lines and shapes and highlighted in yellow
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the 1966 time period in Savusavu, two contemporary charts from
the same source were merged to create a single layer. The western
portion was published in 1962, the east in 1966.

Landscape metrics were compared for coral reefs at both sites
with chi-square tests. In Suva, the proportion of mangrove coast-
line was statistically compared among years with a linear model.
Normality was confirmed with a Shapiro-Wilk Test prior to model-
ing (“stats” R Core Team, 2020). In Savusavu, three years of available
mangrove data was statistically compared with a chi-square test, due

to the small sample size.

3 | RESULTS

We located eight charts from Suva and four charts for Savusavu cov-
ering nearly 180 and 150 years, respectively (Table 1). Seven charts
had sufficient coral detail, but the 1914 Suva chart depicted coral
from a sampling event that was used in 1898, so the 1914 map was
excluded from analysis. The oldest charts found for both sites de-
picted the least amount of coral detail, or topographic accuracy (see
Lukas, 2014), likely reflecting the cartographic capability at that time
rather than true differences, and the earliest Suva map had poor
planimetric accuracy, or fidelity to current maps through georefer-
encing (see Lukas, 2014). To be conservative, statistical analysis of
coral change started at the next earliest time point, running from
1875 to 2019 in Suva (n = 5), and 1,880 to 2018 (n = 3) in Savusavu.

Coral habitats in Suva did not greatly change over the course
of our study. Edge length increased slightly in Suva between 1875
and 2019 (Xz, p < .001); however, edge density was highly variable
in the same time period, with no clear pattern (XZ, p = .88). Coral
area increased by about 8% (+40 ha, Xz, p < .001) and core area sim-
ilarly increased (8%, +34.7 ha, Xz, p < .001). The overall number of
patches, and related patch density, varied highly among charts from
1875 to 2019, causing no statistical difference in values (Xz, p=.72,
p = .99, respectively).

In contrast, coral habitats adjacent to the city of Savusavu saw
major losses in both nearshore reefs (Figure 4; Xz, p < .001) and
across all of Savusavu Bay, which lost 2,933 hectares of reef area
from 1,880 to 2018. Total edge length was variable during this time
period (Figure 4), likely as a result of the decrease in coral area com-
bined with a 90% increase in the total number of patches (Figure 5;
¥ p < .001).

In addition to reef habitat, we examined change in the extent of
mangroves and hardened shoreline on the coastlines of Suva and
Savusavu. Seven charts from Suva, starting in 1898, and three charts
from Savusavu, starting in 1,880, showed mangrove habitats and
were used for this analysis (Table 1).

In Suva, mangroves represented 79% of the coastline in 1898,
but just 35% by 2019 (Figure 6). Simultaneously, urbanized coast-
line grew from 9% to 58%. Most of this growth occurred in the
city center, where seawalls replaced mangroves on the shoreline.
Other coast use remained relatively stable during this period, ac-

counting for a maximum of 17% of the coast in 1943. The decline
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in mangroves did not correlate well with year (Im, -0.299, p = .13,
adjusted r? = .48), though increase in urban space was correlated
slightly better (Im, 0.003, p = .056, adjusted r? =.64).

Alternatively, in the city of Savusavu, mangrove habitat remained
relatively stable at an average 17% (3.7% SE, X2’ p =.09) of the shore-
line near town. Hardened shoreline increased significantly in 1966
from 7% to 51% of the shore, with an accompanied drop in other
type of shoreline, from 72% to 39% (XZ, p <.001; Figure 6). The wider
entirety of Savusavu Bay exhibited a similar pattern, with hardened
coastlines increasing from 3% to 40% in the 1960s. Farther from the
town, mangroves represented a larger proportion of the shore (av-
erage 40%, 2.5% SE), but did not drastically change between 1880
and 2018.

4 | DISCUSSION

Our work shows a pattern of environmental change consistent with
an increase in human impact within Suva and Savusavu waters. We
see that while coral remained relatively stable in Suva, mangroves
once spanning nearly the entire coast were reduced by more than
50%. On the other hand, Savusavu reefs show major losses in area
and increased reef fragmentation, and while mangroves were only
slightly affected by urbanization on the coastline in Savusavu, both
places saw a marked increase in hardened land/sea interface. Taken
together these findings suggest that the coastal environments of
Suva and Savusavu have become degraded over a century and a half
of commercial use. Our results reflect the complex and often idi-
osyncratic nature of ecological systems and reinforce the need for
quantifiable data from historical sources.

Despite reports of the potential degradation of Suva reefs (see
Naidu & Morrison, 1994), historical charts of Suva harbor revealed
a moderately stable amount of reef area, a potential positive sign
that increasing urbanization has not had a major impact on his-
torically available habitat area, regardless of current coral health,
sedimentation, or bleaching. Geospatial data like those used in this
study cannot reveal coral status or health through time, but no
change in area over time reflects that the reefs remain built-up
enough to warrant navigational identification and that the reefs,
dead or alive, may still offer ecosystem services like shoreline
protection. The stability of coral area in Suva may reflect a dif-
ference in dominant coral genus, like Porites spp. (Goberdhan &
Kininmonth, 2021), whose solid mounding morphology may have
been of greater interest to cartographers or be less susceptible to
outright destruction, loss, and erosion than tree and plate mor-
phologies common in Savusavu. Recent studies in Suva have shown
that coral recruitment has also been little affected by sedimenta-
tion and pollution (Lal et al., 2018), suggesting that the reef may be
more able to withstand degradation than previously thought. On
the other hand, we saw that in Savusavu major losses in coral area
occurred on reefs immediately adjacent to the town and on larger
scale charts, where reefs are generally considered to be in good

condition (see Goberdhan & Kininmonth, 2021). Savusavu was
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found to be most affected by major warming events in 2000, as
40% of scleractinian corals died as a result of bleaching (Cumming
et al., 2006). Paired with evidence of increased fragmentation,
these results could signal that major changes in biodiversity re-
lated to habitat availability have been occurring in Savusavu for
the last 50 to 100 years.

Habitatlossandfragmentationofreefsobservedaround Savusavu
has many potentially negative environmental consequences. Past
studies have shown strong relationships between species richness
and habitat area (Bellwood & Hughes, 2001; Knowlton, 2001). While
habitat loss causes declines in fish abundance, diversity, and coral
richness, fragmentation can have mixed impacts on ecosystems
(Bonin et al., 2011; Caley et al., 2001). Increased habitat fragmenta-
tion has been shown to increase immigration and increase coral re-
cruit survival (Bonin et al., 2011). Edge habitat supports fish species
that prefer sandy habitat and can be more complex than interior reef
habitat (Ault & Johnson, 1998; Friedlander & Parrish, 1998) although
edge habitat has been observed to have lower coral cover and more
soft coral (Sambrook et al., 2016). Increased habitat heterogeneity
and patchiness may result in increased diversity at fine scales, al-
though the limit of this phenomenon is not known and some of this
increased richness may come at the cost of interior-adapted spe-
cies like damselfish and other planktivores (Sambrook et al., 2016).
Historical estimates of coral habitat loss can be used to assess site
vulnerability, identify causes of loss, and develop effective conser-
vation efforts (e.g., Bromberg & Bertness, 2005). Setting a healthy
baseline of habitat extent and composition is critical to efficiently
protecting and preventing further harm and loss in these systems.

We observed an overwhelming loss of mangrove habitat in Suva,
confirming general trends in mangrove habitat losses throughout the
Pacific Islands and in Fiji in particular (Lal, 1990). In Suva, our results
showed that the loss of mangroves was poorly correlated with year;
however, this result is unsurprising since continuous, slow yearly loss
is much less likely than periodic forest destruction. Nonetheless,
this relationship shows a significant loss in mangrove habitat from
1898 to today. The difference in change in mangrove coastline be-
tween Suva and Savusavu reflects the disparate histories of each
place. In Suva, the growing capital city directly replaced mangrove
habitat on the shoreline, while in Savusavu mangroves were not
greatly affected by the small increase in urbanized space due to the
many available acres of abandoned farmland. However, our data in
Savusavu jump from 1880 to 1962 and may not accurately reflect
early losses in mangrove habitat to agriculture that began as early
as 1896 (Lal, 1990). Indeed, our data do show a slight decline in
mangroves during this period (43% of coastline to 35%) and further
exploration into the replacement of mangroves in this area is war-
ranted. Although our research helps to provide historical context for
shoreline use through time, our measurements of linear coastline oc-
cupation may not adequately capture loss in mangrove forest area.
Further research on historical mangrove habitat loss could use aerial
photographs to evaluate area and contemporary studies of loss have
used Landsat imagery to document mangrove change since 2000
(Cameron et al., 2021).

The replacement of mangrove habitat with urban infrastructure
in Suva reflects the decades-long influence of European coloniza-
tion. Evidence from historical photographs (Figure 1; Supporting
Information) shows that the transformation from mangrove-
lined coasts and lush interiors to sea-walled shorelines and paved
roads began as early as 1914 in Suva. One effect of urbanization
in the tropics during the 20th century was the hardening of man-
grove coastlines, which led to difficulties managing erosion (e.g.,
Thampanya et al., 2006) and loss of beneficial ecosystem services
to native communities. Mangroves mediate storm surge (Granek &
Ruttenberg, 2007), provide habitat for commercially valuable species
(Carney, 2017), influence nutrient flows (Feller et al., 1999), serve as
carbon sinks (Alongi, 2014), and provide juvenile habitat for fisher-
ies (Mumby, 2006). Mangrove forest destruction is accompanied by
economic losses from fisheries yield, higher storm protection costs,
and loss of building materials, even when mangroves are replaced by
economic ventures like agriculture and aquaculture (see Lal, 1990).
Additionally, urban mangroves are less efficient in supporting reef
fish recruitment than rural ones (Brooker et al., 2020). Continued
development and building plans in Pacific nations should consider
building sustainably within mangrove forests, to the benefit of and
with input from Indigenous communities and to be better adaptable
to rising sea levels.

Hardened shorelines also increase the risk of colonization by
non-native species, which are a growing threat to coral reefs and
biodiversity (Goldberg & Wilkinson, 2004). As a major port city, Suva
is at a higher risk of invasion than Savusavu due to vectors related
to shipping (i.e., ballast and hull fouling); however, both cities saw
an increase in hardened coasts. In Fiji, only a few non-native spe-
cies have been identified in published literature, including Mytilopsis
sallei (Bax et al., 2002), Ostrea edulis (Bromley et al., 2016), Gracilaria
edulis, Sargassum polycystum (Charan et al., 2017), and Kappaphycus
spp. (Sulu et al., 2003) but this could be due to a lack of taxonomic
knowledge and surveys of the area. Invasive species pressure in
tropical ports is still poorly understood (Hutchings et al., 2002), and
as a major Pacific port city, further research in Suva would help clar-
ify the invasion risk to tropical coastal habitats.

Performing an historical ecology analysis brings many chal-
lenges. As historical ecologists, our work depends on the largesse
and expertise of our predecessors, yet accessing nontraditional
data sources can be a useful approach toward marine conserva-
tion biology (McClenachan et al., 2015; Thurston et al., 2015).
Historical charts offer otherwise unavailable glimpses into the
past, but in the elapsed time since creation important context and
detail is lost, and commonly map reliability declines farther back
in time (Lukas, 2014). Few details exist about the method of car-
tography used to create charts, or level of uncertainty warranted
per data point, though charts created for military and navigational
use are likely unbiased (Vellend et al., 2013). Despite being cre-
ated for similar purposes, each chart likely reflects the biases and
interests of each cartographer, confusing temporal comparisons.
Editorial decisions on symbology and extent are a likely source

of some error. Nautical charts require even further scrutiny, as
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FIGURE 4 Area (top; a, c) and perimeter (bottom; b, d) of coral reefs in Suva (left; a, b) and Savusavu (right; c, d). Earliest charts, which
depicted less detail than the latest charts, are shown as X. Gray backgrounds identify the location but are not to scale
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FIGURE 5 Number of reef habitat patches in Savusavu, in the wider view (left) and nearshore (right). Inset box shows the location of
nearshore Savusavu on the wider chart. Earliest charts, which depicted less detail than the latest charts, are shown as X. Gray backgrounds

identify the location but are not to scale

identification of underwater resources is difficult from the sur-
face and may not distinguish between live or dead coral stands.
Moreover, despite best practices to fit charts to current GIS lay-
ers, our detailed quantitative results are likely skewed by chart
detail and projection issues. However, the remarkable qualitative
trends we observed in coral loss, fragmentation, mangrove loss,
and urban hardening deserve further research and attention. We

expect that the directionality and scale of the trends observed in

this study overwhelm any possible error from lack of map detail
or scale differences (Lukas, 2014). Our results should be reviewed
complementary to contemporary in situ studies but nevertheless
represent important findings from otherwise unattainable infor-
mation. Data on coral location and change could be confirmed
with sediment cores and radioisotope dating. Further verification
of our results should balance historical ecology with experimental

and observational studies possible in the field.
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4.1 | Mebulabula na Lase, Veidogo kei na Lewe ni
vanua ena veisiga ni mataka: A future for healthy
corals, mangroves, and people

Our work shows the dramatic changes that the harbors of Suva and
Savusavu have undergone in the past century and a half. Different
political and ecological histories have resulted in dissimilar forms of
change, but in both cases, the harbors of the early 21st century rep-
resent dramatically altered environments. During this time, Fijians
have seen tremendous changes to their shores including reductions
in coastal forests and changes in the character and structure of coral
reefs. Fiji is a leader in conservation in the Pacific with ambitious
plans to protect both coastal and terrestrial habitat. Our work here
demonstrates the historical context within which those ambitions
can be framed. By understanding the past, we gain benchmarks
against which future restoration and conservation targets may be
set. In addition, we honor and respect the land and the seas of Fiji
by giving recognition to the ways they have changed and by mapping

out a future for healthy corals, mangroves, and human communities.
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