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Abstract reports of nonnative plants found outside of cultivation or human-contained
areas for the first time are crucial for invasive species research and management, allow-
ing compilation of species checklists that document the naturalization and rough geo-
graphical distribution of hawai‘i’s nonnative flora. however, the naturalization status of
plants can be difficult to assess in the field and little guidance exists on what criteria are
needed to fit the definition of “naturalized”. moreover, disappearances of nonnative plants
from hawai‘i’s floras are generally not reported even though multiple eradication pro-
grams exist. over time these issues may artificially inflate the number of naturalized
species on checklists, confounding biodiversity research and distracting management
from problematic species. We reviewed the literature on terminology and the invasion
process to provide hawai‘i-specific guidelines on reporting nonnative plant statuses with-
out requiring major changes to current reporting or data collection practices. these guide-
lines are intended to help authors of reports contribute information needed to update sta-
tuses on naturalized species checklists and aid management decisions.

INTRODUCTION
Collectors have been vouchering nonnative plants in the hawaiian Islands for over 200
years, increasingly integrating data about nonnative species into our knowledge of
hawai‘i’s natural history (Funk et al. 2005; Wester 1992). the long-term curation of
voucher specimens combined with effective communication of noteworthy finds has
numerous applications. this information has been most prominently used in floristic stud-
ies (Funk 2003; Souza & hawkins 2017; Stern & Eriksson 1996) and collection of non-
native plant data has focused on identifying which species form an established component
of hawai‘i’s flora (Imada 2012, 2019; Palmer et al. 1995; Wagner et al. 1999, 2005).
however, the past few decades have seen a significant increase in efforts to understand
the biogeography and behavior of nonnative plants from the perspective of invasive plant
management (antunes & Schamp 2017; munekata et al. 2016). today, hawai‘i possess-
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es a well-established network of agencies that fund, conduct research, and enact strategies
with diverse and complementary goals, relying on species-specific data to direct their
management actions (munekata et al. 2016). methods for consistently reporting biodi-
versity data therefore need adjusting to bridge the gap between natural history collections
and invasive species managers while maintaining traditional uses.

the Records of the Hawai‘i Biological Survey provides an effective forum for com-
municating the taxonomy, status, and basic distribution of nonnative plants in hawai‘i.
this forum was officially initiated in 1995 and encourages authors to report records of
naturalization in the Bishop Museum Occasional Papers, although new weed reports date
back to 1911 (Forbes 1911). the vast majority of new records since 1995 have been
reported through this system, supported by specimens deposited in herbaria (Evenhuis &
miller 2015), and have subsequently been compiled into species checklists (Imada 2019;
Wagner et al. 2005). Furthermore, the utility of this system has been leveraged in recent
years by the digitization of herbarium vouchers (allison 2003). at least three herbaria
with significant collections of nonnative plants from hawai‘i maintain searchable data-
bases of voucher information, including the Bernice Pauahi Bishop museum’s Herbarium
Pacificum (BISh) in honolulu, hawai‘i; the National tropical Botanical Garden herbar-
ium (PtBG) in Kalāheo, hawai‘i; and the Smithsonian’s united States National
herbarium (uS) in Washington, D.C. additionally, many of these data are available glob-
ally through free online data platforms that consolidate information from multiple
herbaria, such as the Global Biodiversity Information Facility (GBIF) and the Integrated
Digitized Biocollections (iDigBio). Field collections are critical for providing a verifiable
physical specimen to accompany field observations of invasive plant distribution and
behavior. In combination with tools that aggregate data and make them accessible, herbar-
ium vouchers and associated field observations provide the foundation for a taxonomi-
cally sound information system to improve invasive plant management strategies.

the basic informational needs of floristic studies and invasive plant management are
largely overlapping, although invasion control programs often require more detailed
observations of population structure, distribution, and arrival time. however, the termi-
nology used by invasion biologists and invasive species managers to describe the intro-
duction-naturalization-invasion continuum has varied on a global scale since the field
emerged (Blackburn et al. 2011; Pyšek et al. 2004; richardson et al. 2000, 2011). the use
of these terms is oftentimes inconsistent with floras and checklists compiled by taxono-
mists, hindering our ability to apply data collected from taxonomic projects to invasive
plant management and vice versa (Pyšek et al. 2004). Data submitted to the Records of
the Hawai‘i Biological Survey are likely no exception. In particular, the term “natural-
ized” may have various definitions amongst contributing authors, and records must be fur-
ther scrutinized when compiling new information into research projects. 

It is our hope that this summary will increase the utility of nonnative plant data in
hawai‘i and promote synergisms between future invasive plant research, management,
and floristic studies. In particular, we highlight two means of improving hawai‘i’s data
infrastructure, including: 1) recommendations to local botanists for reporting field data
such that it informs invasive plant research/management and is consistent across collec-
tors, and 2) a description of how terminology and statuses should be applied in reports of
new records, such that they align with globally recommended frameworks for tracking
nonnative plant species. We focus on naturalization and extirpation, as accurate reports of
these events are vital for curating a checklist of nonnative plant species existing outside
of cultivation.
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TERMINOLOGY
Given the immense value of tracking the fate of nonnative species introductions across the
hawaiian archipelago, it is important that nonnative plant records use consistent termi-
nology to ensure that the data generated by numerous individuals is easily understood and
comparable. robust records of nonnative plants are required to prevent misappropriation
of conservation resources, as errors in recording invasive behavior can lead managers to
address species that are unlikely to pose a threat or miss opportunities to prevent spread
before it is too late. much progress has been made to standardize terminology between
taxonomists and invasion biologists within the last two decades alongside several publi-
cations that provide broad guidelines to track nonnative plant species in any region
(Blackburn et al. 2011; Pyšek et al. 2004; richardson et al. 2000, 2011; Wilson et al.
2014). thus, the purpose of this paper is not to propose new definitions, but to provide a
hawai‘i-specific guide that aligns with these generalized frameworks while avoiding
major changes to current data collection practices.

Definition of Terms Concerning Naturalized Status
Nonnative (synonyms: alien, exotic, introduced): any species that is present in
hawai‘i as a result of intentional or accidental human action or has arrived in
hawai‘i without the help of humans from a region where it was also nonnative
(Blackburn et al. 2011; Pyšek et al. 2004). this term can be applied in both a
statewide and an island-specific manner (Pyšek et al. 2004). For instance, if a plant
is native to one island, but is introduced by humans to a second island, it can be said
to be nonnative to the second island (e.g., the purposeful introduction of Sphagnum
palustre L. to o‘ahu from hawai‘i Island, where it is indigenous; Karlin et al. 2012).

Naturalized (synonym: established): nonnative species that reproduce sexually or
vegetatively to form self-replacing populations outside of human cultivation or con-
tainment (i.e., in the wild), as evidenced by multiple wild-growing individuals of dif-
ferent ages classes, indicating that the population has undergone many reproductive
cycles (Blackburn et al. 2011; Pyšek et al. 2004; richardson et al. 2000; Wagner et
al. 2005, 2012). this does not include casuals (see below) or species that have so far
produced only a single-few generations of offspring. accidental introductions of
seed contaminated soil giving rise to multiple generations in pots or greenhouses are
not considered naturalized because although populations may be self-sustaining, they
have not yet escaped human containment. Invasive plants are considered a subset of
naturalized plants.

Casual: nonnative plants that survive and reproduce occasionally outside of cultiva-
tion but do not form self-sustaining populations, thus requiring repeat introductions
to persist (Pyšek et al. 2004; richardson et al. 2000). these plants are difficult to dis-
tinguish from cultivated remnants or plants that are just beginning to naturalize
because time is needed to determine their behavior. No synonyms are consistently
used in the literature, although casuals are sometimes referred to as “spontaneous”,
“waifs” or “occasional escapes” (Pyšek et al. 2004). the term “adventive” originat-
ed as a synonym for casual (De Candolle 1855), but has been used more broadly in
the past to include naturalized (Wester 1992, Provost 1999).
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Definition of Terms Concerning Extirpation
Extirpation (synonyms: local/regional extinction): a species that has entirely dis-
appeared from a specific geographical area (e.g., statewide or island-wide) by natu-
ral or anthropogenic means, but still persists elsewhere in the world (riddle et al.
2011). Extirpations are more thoroughly discussed in relation to native species but
can be applied to nonnative species that previously formed (or were forming) self-
sustaining populations outside of their native range (naturalized), where the very last
individual within that population has died (Simberloff & Gibbons 2004; Panetta
2015). akin to the IuCN red List status “Extinct in the Wild” where captive indi-
viduals remain but wild populations no longer exist, nonnative plants that are entire-
ly absent from a region may be considered totally extirpated whereas species with
cultivated individuals remaining are considered extirpated in the wild (with wild
referring to areas outside of actively maintained cultivation sites). reports of extir-
pation should be accompanied by sound reasoning based on time since last sighting,
seed bank longevity, and adequate search effort.

Eradication: a subcategory of extirpated referring to a species whose removal was
the result of purposeful human intervention (Panetta 2007, 2015; Larson et al. 2019).
this term may be used in the explanatory paragraph that accompanies record sub-
missions (Evenhuis & Eldredge 2010) to distinguish purposeful extirpations from
natural extirpations (occurring without intentional human involvement).

STATUS DESIGNATIONS
Because hawai‘i is an archipelago (i.e., naturally discrete land areas), opportunity exists
to prevent inter-island introductions and accomplish island-wide eradications, requiring
language that can distinguish between island and statewide populations. additionally,
studies have established hawai‘i as a global hotspot for naturalized plant species, many
of which have been, and continue to be, introduced purposefully for cultivation (Pyšek et
al. 2017; Staples & herbst 2005; Wester 1992). recent introductions require extra scruti-
ny and the application of precise terminology to describe the phase of a plant’s establish-
ment (Blackburn et al. 2011). For instance, plants outside of cultivation are often encoun-
tered in hawai‘i, although it may not be immediately obvious whether a self-sustaining
naturalized population exists. reports of reproduction outside of cultivation should be
encouraged because early detection of invasive behavior is valuable for management.
however, it is necessary to clearly communicate any uncertainty of naturalization and
describe field observations that distinguish these reports from fully naturalized records.

We also encourage vouchering cultivated species and plants in human contained
areas (e.g., aquatic plants in a man-made pond) because an accurate tally of these is lack-
ing in hawai‘i, representing a critical knowledge gap for invasive species management.
however, significant improvements in monitoring and data infrastructure are needed to
track cultivated species. unlike naturalized plants (Imada 2019), there is no up-to-date
resource listing all known cultivated species statewide, let alone at the island level, mak-
ing the determination that a species is “new” infeasible. updates and verification of par-
tial lists compiled for book projects (Staples & herbst 2005) provide a good starting point,
but given the low collection rate for cultivated species, dates attached to new reports are
likely to be inaccurate and not useful. Furthermore, thousands of cultivated species exist
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in hawai‘i that have not been vouchered, and an unknown number of others are not doc-
umented in any way. rather than opportunistically reporting these plants through the
Hawai‘i Biological Survey, a curated working list first needs to be assembled that could
expand as new records are vouchered. thus, we do not recommend reporting cultivated
plants in the same manner recommended here for naturalized ones, although we recognize
that publishing notes on new arrivals of pest species or accidental seed contaminants
could be of immediate value to managers.  

Guidelines for reporting to the Records of the Hawai‘i Biological Survey were estab-
lished by Evenhuis & Eldredge (2010), with the inclusion of headings that denote estab-
lishment statuses for all organisms. these headings are aligned to the right of each species
name in bolded font and indicate whether each record represents a first observation for an
island or the entire state. the use of headings and terminology are further described here
and in table 1 to encourage consistent usage for nonnative plant records among all con-
tributing authors. as an interim solution to a tracking system that addresses plant species
of all statuses in hawai‘i, these guidelines encourage accurate reporting to inform the
addition or removal of plants from naturalized species checklists. 

Applying Naturalized Status Headings
New State Record: the first report of naturalization for a nonnative species within
the hawaiian archipelago that has no documented history of cultivation in hawai‘i
or is thought to be very rarely cultivated (e.g., previously reported from one botani-
cal garden specializing in rare or unusual plant species).

New Naturalized Record: the first report of naturalization for a nonnative species
within the hawaiian archipelago that has been previously observed in cultivation.

New Island Record: the first report of naturalization for a nonnative species on a
particular hawaiian island, where naturalization has already been recorded for at
least one other island in the hawaiian archipelago.

Correction: a heading applied to reports that provide new evidence or arguments to
justify the correction of past records. this may include the discovery of misidenti-
fied species, analyses showing that previous reports of new naturalized records do
not fit the current definition of “naturalized”, and other corrections that may improve
the accuracy of hawai‘i’s checklists and other records.

Distinguishing completely unknown from previously cultivated species as “New State
record” and “New Naturalized record”, respectively, has been used for over two decades
in the Records of the Hawai‘i Biological Survey and we have included this distinction for
consistency (table 1). Differentiating reports in this manner is valuable for examining the
role of multiple introductions or history of planting in producing invasions (i.e., propag-
ule pressure) and assessing the feasibility of eradication (Colautti et al. 2006; Imada et al.
2000; Lockwood et al. 2009; Panetta 2015). a drawback of this distinction is that it relies
heavily on one’s knowledge of hawai‘i’s cultivated flora. as no comprehensive list of cul-
tivated plants is currently available, a thorough review of available sources is necessary
to assign these statuses, minimally including searches of herbaria databases (BPBm 2018;
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NmNh 2018; NtBG 2018), publications of species commonly found in hawai‘i’s gar-
dens (Staples & herbst 2005), and checklists such as the Bishop museum’s Annotated
Checklist of Cultivated Plants of Hawai‘i (Imada et al. 2000).

Describing Naturalized Status
as outlined in the guidelines for submissions to the Records of the Hawai‘i Biological
Survey, status reports should be accompanied by a short note (Evenhuis & Eldredge
2010). Despite attempts to standardize the use of terminology and statuses commonly
associated with nonnative plants outside of cultivation, interpretation of data from the
field remains subjective and species-specific. Detailed reasons for why species should be
designated as naturalized are helpful for placing species along the introduction–natural-
ization–invasion continuum and predicting future behavior (Blackburn et al. 2011; Pyšek
et al. 2004; richardson et al. 2000). authors can greatly increase the value of their sub-
missions by providing estimates of the following: 
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Table 1. Decision matrix for reporting plant statuses. 
orange boxes indicate status changes for naturalized species checklists. Blue boxes highlight helpful
information for invasion management that do not correspond to status changes on any checklist curat-
ed in hawai‘i.

* Plants with well-documented cultivation histories are reported as New Naturalized records while
those absent or uncommon in cultivation are reported as New State records. however, both are
simply reflected as naturalized on species checklists.

** Eradication campaigns should voucher their targets throughout the process to allow identifications
to be verified after removal.



1) the area covered by noncultivated individuals, their density, and a description
of the habitat;

2) the number of noncultivated individuals observed, or, for vegetatively repro-
ducing species, evidence that many, disconnected individuals are present s
(even if propagules are vegetative and/or dispersal is human assisted);

3) the number and type of life stages present (mature, seedlings, etc.); and
4) the source of naturalization, if apparent (e.g., seed contamination, cultivated

plants), or whether it appears to have naturalized a significant distance from
its likely introduction site.

additionally, a search for previously collected vouchers within the geographic area of
interest, if available, can be included in a “material examined” section to provide addi-
tional distribution information and a timeline of establishment (Pyšek et al. 2004).

Potentially Naturalized or Naturalizing Species
Contributors are encouraged to provide first reports of nonnative species existing outside
of cultivation without direct human assistance, especially those reproducing (sexually or
vegetatively), even if the long-term survival of self-sustaining populations is not apparent
(Pyšek et al. 2004; richardson et al. 2000; Wagner et al. 2005). these reports may alert
managers to eradication opportunities by identifying species that are possibly beginning
to naturalize while not assuming that they will definitely naturalize in the future.
Examples of species that may be reported include observations of multiple, widely dis-
tributed immature plants for which no mature individuals have been located, or a small
number of mature, similarly aged individuals outside of cultivation. although this infor-
mation can be used to identify would-be invaders before they spread, species that are
beginning to naturalize are often indistinguishable in the field from plants exhibiting a
variety of other behaviors, such as 1) casual species, which may also produce offspring
outside of cultivation, 2) remnants from cultivation where overgrown adjacent vegetation
masks evidence of its cultivated history, and 3) species that have already naturalized but
only a few individuals have been detected.

Various terms have been used in the literature to denote species with ambiguous sta-
tuses, but either they cause confusion due to inconsistent global use or are somewhat pre-
sumptuous of a species’ fate. this includes species often described as “adventive”, which
is variously used both in hawai‘i and worldwide (Pyšek et al. 2004; Wester 1992), and
“emerging invaders” or “sleeper weeds”, which imply that populations will persist and
eventually expand. the problem of status uncertainty (whether arising from poorly sur-
veyed populations or from insufficient passage of time to determine behavior) illuminates
a pressing need to re-examine terminology and provide guidelines for adapting regional
species checklists to existing nonnative species tracking systems. a tracking scheme with
11 population status categories was developed by Blackburn et al. (2011) that describe the
phases preceding naturalization, but adapting hawai‘i’s checklist to these fine-grained
statuses would require data that has not been collected for all species, as well as a higher
site revisitation rate. Despite the fine scale of Blackburn et al.’s (2011) system, it too does
not account for uncertainty, and thus, modifications to solve these issues are still needed
before implementation (Brock & Daehler, in press). 
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In light of these challenges, we do not recommend any one specific term or status
heading to accompany reports of these data-deficient species. Instead, we propose that
these records be listed in a section separate from new naturalized records entitled
“Potentially Naturalized or Naturalizing”, allowing these species to be prioritized for
revisitation and monitored for status changes. 

Applying Extirpated Status Headings
Eradication programs have been implemented on most of the main hawaiian Islands
(Kraus & Duffy 2010), and some reports in the Bishop Museum Occasional Papers men-
tion actions for the immediate removal of recently established plant species with small
populations. Determining whether a nonnative plant has been extirpated can be costly and
difficult because extensive field monitoring and reconnaissance are required to provide
evidence of a species’ absence (Butchart et al. 2006; Pluess et al. 2012). Cases where dis-
appearances have occurred naturally without purposeful removal by humans are especial-
ly problematic, as population distributions and declines are less likely to have been doc-
umented. Some previously naturalized species appear to have been eradicated from entire
islands in hawai‘i (Penniman et al. 2011), and these events are occasionally alluded to in
outreach materials and progress reports to funders (e.g., DLNr 2009). however, such
instances are rarely reported in archived scientific publications and do not contain the
information necessary to update plant checklists, likely because no guidance exists on
how to report them. this is problematic because the following are all dependent on an
accurate account of extirpations: preventative checklists for border biosecurity, quantita-
tive analyses of plant biodiversity, feasibility estimates of species eradications, and deter-
minations of control program success. 

to encourage reports of extirpation events, we propose applying aspects of the IuCN
guidelines to report extinctions of endangered species (IuCN 2017). In the IuCN system,
assignment of species to the official “Extirpated” or “Extinct” categories requires exhaus-
tive surveys to justify, beyond reasonable doubt, that the last individual has died.
Consequently, the IuCN allows the additional descriptor of “Possibly Extinct”, which,
although still evidence-based, explicitly acknowledges uncertainty. this status is espe-
cially applicable to recent apparent extinctions where a substantial timeline of disappear-
ance has not been established (IuCN 2017). We recommend applying the following sta-
tus headings, which are modeled on the IuCN’s (2017) red List criteria, to be formatted
in the same style as when describing naturalized taxa (bolded and located to the right of
species names). as described in the definition section above, it is useful to report species
that are extirpated in the wild but remain in cultivation. however, we do not include sep-
arate status headings for species that are entirely extirpated versus those only extirpated
from the wild, because reports of both result in losing naturalized status. Nonetheless, it
is valuable to indicate whether cultivated individuals are thought to remain because this
may be useful when evaluating sources of future invasions, or implementing all-species
tracking systems in the future (e.g., demotion from naturalized to either “no longer pres-
ent” or “in cultivation only”).

State Extirpation Record: a report providing evidence to declare that a naturalized
or potentially naturalized/naturalizing species is no longer present in the wild in the
hawaiian Islands. Contributors should apply this heading to records of species that
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have totally disappeared, as well as those that no longer have populations in the wild,
but still exist in cultivation. Presence of remaining cultivated individuals should be
described in the report text alongside an account of surveying efforts and time
elapsed since last sighting. Criteria to apply this heading versus “Possible
Extirpation” are discussed below.

Island Extirpation Record: a report providing evidence to declare a nonnative
species as no longer present in the wild on a specific island.

Possible Extirpation: a report providing evidence that a formerly naturalized
species is likely to have been extirpated from an island or statewide, but where
reduced confidence is appropriate due to missing information or the species  is very
likely to be reintroduced (e.g., common in cultivation on other islands). most non-
natives that have been targeted by recent extirpation programs will likely fall into
this category because such cases often do not allow for high confidence due to a short
time since last sighting (less than several plant generations), a long-lived or uncer-
tain seedbank, or lack of comprehensive searches across the area being reported (i.e.,
island or Statewide). Further discussion of scenarios and criteria is presented below.

Rediscovery: a heading applied to reports of species that were previously thought to
be extirpated, but where individuals have subsequently been found outside of culti-
vation or areas of human containment. this may include individuals that have likely
arisen from the original infestation or from reintroductions of that species, which
should be described in the report text. the application of this heading does not nec-
essarily imply a species status should be updated to “Naturalized”, as the status of
the population may be uncertain or just beginning to naturalize. thus, authors report-
ing a rediscovery should communicate field observations that allow assessment of
whether the rediscovered species should or should not be considered naturalized or
potentially naturalized/naturalizing.

two scenarios may be commonly encountered when reporting extirpations: 1) recently
observed species for which eradication programs have monitored population decline,
resulting in the disappearance of the species, and 2) apparently natural extirpations of
species previously known from a single or few sites for which there are no recent obser-
vations. No single rule exists for how much time must pass before nonnative plants can
be reported as extirpated, as these events are highly scenario-specific and dependent on a
species’ biology (Panetta 2015). however, a general timeline used by the IuCN for endan-
gered organisms, referring to whether a species has disappeared from known sites for ten
years or three generations, whichever is longer, is useful for our purposes (IuCN 2017).
With regards to seed plants, one generation includes the amount of time necessary for a
new seed to develop into a mature, reproductive individual (moravcova et al. 2018). as
this period is affected by seed dormancy and factors that may slow maturation (e.g.,
shade), it may be beneficial to consider a range of generation times that may exist within
a single species when proposing extirpation status or implementing control programs.

It is important to note that some plants have propagules that can persist for a very
long time in the soil; however, seed longevity data is sparse, and dormancy is affected by
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numerous site-related factors including soil moisture, nutrients, ph, and texture (Baskin
& Baskin 1998). relying on seed survival data collected from seed preservation labs,
which deliberately maintain humidity and temperature-controlled environments that are
improbable in nature, may vastly overestimate time needed for eradication programs and
delay the optimal time to report possible extirpations. thus, in purposeful eradication sce-
narios where population decline has been carefully monitored, a status of “Possible
Extirpation” may be suggested within the timeframe of ten years or three generations
(whichever is longer) if detailed distribution and time since last observation data are
described (Dodd et al. 2015; Panetta 2015). a species’ status may later be updated to
“Statewide/Island Extirpation record” if the species is not found after a longer period of
time, taking into account the species’ biology (e.g., seed bank persistence). 

In scenarios where extirpations appear to have occurred naturally, the status of
“Possible Extirpation” should be applied if the historic locations have been surveyed
recently and at least ten years or three generations (whichever is longest) has elapsed since
last voucher collection. as precise distribution and population decline data are usually
absent in these cases, the status may be upgraded to “Statewide/Island Extirpation
record” after more extensive surveys have been conducted over multiple years (IuCN
2017). Surveys in support of extirpation reports should consider all adequate habitat with-
in the possible dispersal area while accounting for factors that affect detectability (e.g.,
phenology, terrain; Dodd et al. 2015; Panetta 2015).

RESOURCES USED FOR SPECIES DETERMINATIONS
Plant taxonomy is a difficult, dynamic science where incorrect identifications are common,
even amongst specialists, and species circumscriptions are constantly being revised as new
research is conducted (Pyšek et al. 2013; rouhan & Gaudeul 2014). Compounding this dif-
ficulty is that nonnative plants in hawai‘i arrive from all over the world, and few dichoto-
mous keys compare morphologically similar species across broad geographical regions
(Carter et al. 2007). We recommend that contributors cite the taxonomic resources and spe-
cific traits used to identify a new record to provide a helpful logical pathway that can be
examined during the verification of vouchers and taxonomic checklists. Furthermore,
reporting these resources can assist those identifying other specimens in the field. a system
to periodically review and verify identifications is central to invasive species management
in hawai‘i, especially for programs that rely on observations of invasive behavior and
impacts from elsewhere in the world (Daehler et al. 2004; munekata et al. 2016; tunison &
Zimmer 1992). Incorrect identifications immediately decouple the organism from its life
history information, resulting in missed opportunities for rapid response if potentially high
impact species are misidentified as relatively innocuous ones, or misdirection of funds if a
low-impact nonnative is misidentified as a damaging invader.

PROVIDING VOUCHER SPECIMENS
Voucher specimens are often the primary documentation of a species’ presence and should
represent the diagnostic characters necessary for accurate identification. When voucher-
ing nonnative plants in support of naturalization records, material should be collected
from plants belonging to the naturalized population rather than cultivated plants in the
vicinity, in order to decrease the likelihood of false naturalization records (Carter et al.
2007; morais & reichard 2018). reports of new records that reference vouchers collect-
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ed from multiple areas provide convincing evidence that species should be included in
floristic works (Wagner et al. 1999). additionally, eradication programs should collect
representative voucher specimens to provide a verifiable taxonomic record of plants they
control and potentially eradicate to definitively document the species being reported.
repeat collections of the same population, especially newly naturalized or possibly natu-
ralized species, provide a lasting record of visitation that, in combination with adequate
field notes, documents mode of dispersal and changes in population size. 

Whenever possible, the collection of duplicate specimens is strongly recommended
because 1) a specimen may need to be dissected and effectively destroyed during the iden-
tification process, 2) material may be sent to specialists for identification, and 3) dupli-
cates deposited at other herbaria may assist in the verification of specimens from other
areas (Carter et al. 2007). at least three duplicates are ideal even when identification is
simple, as this allows specimens to be sent to institutions with experts in the hawaiian
flora (BISh, PtBG, uS). If vouchers are intended to be deposited at PtBG or uS, col-
lectors should ensure that a duplicate is sent to BISh, the official state repository for bio-
logical specimens. Deliberate collection of reproductive propagules and detailed notes are
particularly helpful for nonnative species, whose methods of reproduction and dispersal
may be unclear outside of their native ranges (richardson et al. 2000). Photographs to
supplement vouchers are extremely valuable to add to reports; close-up shots of diagnos-
tic characters, especially those that do not preserve well (e.g., flower/fruit color and shape,
plant habit) can assist with identification, while landscape-level shots are helpful accom-
paniments to descriptions of population density, structure, and habitat type. Biodiversity
data repositories, including those curated by local herbaria, are increasingly integrating
the ability to upload photographs when depositing voucher specimens. 

CONCLUSIONS
Consistent use of terminology is necessary to accurately track nonnative plant biodiversi-
ty and increase communication between botanists, invasion researchers, and on-the-
ground conservationists. these improvements will additionally allow for easier analy-
sis/synthesis and review of the current statuses of nonnative plants present in hawai‘i.
When combined with ongoing detection programs, this informational network stands to
prevent large ecological and societal costs resulting from delayed or inappropriate
responses to invasions.
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