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Abstract After seahorse population fluctuations were

revealed in previous studies, probably due to changes in

their natural habitat, this study sought to determine the

current status of the populations of the two existing sea-

horse species in the Ria Formosa lagoon, by revisiting

previously surveyed sites, while assessing the main drivers

for detected changes. Hippocampus guttulatus densities

decreased significantly between 2002 and 2008, followed

by a significant increase between 2008 and 2012 and a

significant decrease between 2012 and 2018. There were no

significant differences in H. guttulatus populations between

the 2002 and 2012 surveys, and between 2008 and 2018.

As for Hippocampus hippocampus, there were no signifi-

cant differences comparing densities from all the different

dates. Among the different variables tested in this study,

holdfast coverage seems to have played a crucial role in

seahorse decline. It is important to further assess the impact

on seahorse populations of two recently reported events,

the illegal fishing of seahorses and the expansion of Cau-

lerpa prolifera algae in the Ria Formosa lagoon, South

Portugal. Considering the existent threats and the probable

causes behind the recent seahorse abundance decline,

seahorses’ low densities make them even more susceptible

to local extirpation due to continuous threats, which

emphasizes the dire urgency to put in place mitigative

actions to contribute to the conservation of these iconic

species.

Keywords Illegal trade � Population trend � Marine

protected areas � Hippocampus guttulatus � Hippocampus
hippocampus

Introduction

Seahorses (Hippocampus spp.) typically live in coastal

shallow areas around the world (Scales 2010; Vincent et al.

2011a; Yasué et al. 2012). They have a sparse distribution,

low mobility, small home ranges, low fecundity, lengthy

parental care and mate fidelity, which make them vulner-

able to anthropogenic disturbances and habitat loss (Foster

and Vincent 2004). They inhabit mostly corals, seagrasses,

mangroves and estuaries or lagoon habitats and have been

recognized as important predators of benthic animals

(Tipton and Bell 1988). The acknowledgment of their

vulnerability has led to the inclusion of seahorse species in

the Convention on International Trade in Endangered

Species of Wild Fauna and Flora (CITES) and in the

International Union for Conservation of Nature (IUCN)

Red List of Threatened Species. Currently, of the existing

45 seahorse species (Lourie et al. 2016; Short et al.

2018, 2020), 14 species are considered as threatened

(‘‘Vulnerable’’ or ‘‘Endangered’’), and 17 are still classified

as ‘‘Data Deficient’’ according to the latest IUCN Red List

assessment (IUCN 2020). Seahorses are important in eco-

logical, economical, medicinal, and cultural terms (Chen

et al. 2015; Foster et al. 2019b; Koldewey and Martin-

Smith 2010). In some countries, subsistence fishers rely on

seahorse trade as a significant portion of their annual

income (Pajaro and Vincent 2015; Vincent et al. 2007) for
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use as ornaments, curios and traditional medicine (Vincent

et al. 2011b).

The Ria Formosa lagoon, located in South Portugal, is a

highly productive ecosystem for a variety of commercial

species with high economic value (Ribeiro et al. 2006). The

Ria Formosa is a Natural Park and some fishing gears are

permitted and can have an impact on non-targeted species

either by by-catch or through habitat degradation. More-

over, increases in illegal fishing activities (beam-trawl)

have been reported recently in the Ria Formosa (pers. obs).

This lagoon has been documented to harbour the densest

seahorse populations ever recorded globally of two co-

occuring species, the long-snouted seahorse (Hippocampus

guttulatus) and the short-snouted seahorse (Hippocampus

hippocampus), during 2000–2002 (Curtis and Vincent

2005). However, past research taken place between 2008

and 2009 revealed a steep decrease in abundance of H.

guttulatus and H. hippocampus, of 94 and 73% respec-

tively, while fishing pressure was absent (Caldwell and

Vincent 2012). The seahorse population has since then

been monitored and a slight recovery was reported between

2010 and 2013 (Correia et al. 2015a). From all the vari-

ables studied, holdfast availability seemed to have been the

driver behind this fluctuation (Correia et al. 2015a). Con-

sidering that both species are classified in the IUCN red list

as ‘‘Near Threatened’’ in the Mediterranean and ‘‘Data

Deficient’’ in their global distribution (Pollom 2016; Pol-

lom 2017; Woodall 2017), it is important to update the

current status of the two existing seahorse species’ popu-

lations, in this particular environment.

Seahorses have been historically caught, either directly

or indirectly, from small-scale fisheries (hand collectors) to

commercial shrimp trawlers (as bycatch) and are mostly

sold in the Traditional Chinese Medicine (TCM), as curios

or for aquaria display (Foster et al. 2019a; Koldewey and

Martin-Smith 2010). In 2016, there were reports (mostly

anecdotal) of illegal catches directly targeting seahorses for

TCM in the Ria Formosa lagoon, using beam-trawl devices

(https://tinyurl.com/y9zko9oo). Bottom trawling has been

reported to reduce the structural complexity of benthic

communities, affecting epifauna and altering the sediment

formation (Collie et al. 2000; Tuck et al. 1998; Watling and

Norse 1998). Fishing with bottom trawling gears has the

potential to cause population declines in some species vul

nerable to exploitation, such as seahorses (Casey and

Myers 1998; Kaiser et al. 1998). Baum et al. (2003) sug

gested that demersal fishing, responsible for bycatch of

seahorses (Hippocampus erectus), has the potential to dif

ferentially affect cohorts, disrupt social structure, reduce

reproduction, damage habitat, and kill individuals. Due to

its furtive nature, it is difficult to determine the extent of

the illegal trade. Moreover, assessing changes in habitat,

holdfast availability and seahorse abundance are critical to

understand population trends.

Understanding the causes of seahorses’ population

fluctuations can provide important insight when consider-

ing adequate management plans and conservation actions.

The objectives of the present study were to: (i) assess

seahorses population density of H. guttulatus and H. hip-

pocampus; (ii) describe the population structure and hold-

fast use of H. guttulatus and H. hippocampus; (iii)

investigate both specie’s population trend comparing the

respective densities with previous studies; (iv) identify

variables that are correlated with each species’ abundance.

Material and Methods

Seahorses’ Population Surveys

In order to determine the seahorse’s population trend, 16

sites located in the Ria Formosa Lagoon, south Portugal

(36s 59’ N; 7s 51’ W) were surveyed by SCUBA

Underwater Visual Census (UVC) from March to June

2018. The 16 selected sites were at the same GPS location

as in previous studies (Caldwell and Vincent 2012; Correia

et al. 2015a; Curtis and Vincent 2005) to allow for direct

comparison (Fig. 1).

The UVC method used was the same as described in

these studies, i.e. three 30 m transect tapes were used,

covering a 180m2 area per site (Caldwell and Vincent

2012; Correia et al. 2015a; Curtis and Vincent 2005). To

optimize visibility conditions, all surveys were done during

high slack tides when the water currents are weaker.

A Garmin� 78 s GPS unit was used to determine the

locations of each study area and the same bearing was

taken while laying each transect so that the same area could

be consistently covered on each sampling occasion. As in

the previous surveys, whenever a seahorse was found,

divers collected data regarding species, gender and height

(according to Lourie et al. (1999)) along with three envi-

ronmental variables: water depth and water temperature at

depth (recorded using Divesoft� FREEDOM Basic

NITROX dive computer), and the percentage of holdfasts

coverage (i.e. the percentage of the holdfast present within

a 1m2 quadrat centred around the seahorse—either living

or non-living material). In case no seahorse was found, an

area of 1m2 was surveyed each 10 m of each transect to

allow habitat description (% holdfast coverage).

Seahorses’ Population Abundance Trend

and Environmental Correlations

In order to determine if seahorse densities (HhDens for H.

hippocampus and HgDens for H. guttulatus) had changed
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over time, seahorse densities from both species were

compared with previous studies in 2001–2002 (Curtis and

Vincent 2005), 2008–2009 (Caldwell and Vincent 2012)

and 2010–2013 (Correia et al. 2015a). Seahorse densities

reported in the present study were compared for all sites

(n = 16) and time periods. To find out if there are signifi-

cant changes between the different time periods, a Shapiro

test for normality was performed. As densities presented a

non-normal distribution, a non-parametric Friedman test

was applied to find out if there are differences among the

four groups. As Friedman test revealed differences among

the survey periods for both species, a Wilcoxon signed rank

post-hoc test with Bonferroni corrections was run to

determine differences between each survey period (sha-

piro.test, friedman.test and wilcox_test functions in the

stats R package; R Core Team; www.r-project.org).

In order to test if differences between survey periods are

correlated with changes in environmental variables

(Temp—Temperature, Depth—Depth and PerHoldfast—

Percentage of holdfast), a Shapiro test for normality was

applied for each of the response and fixed variables. As

most variables presented a non-normal distribution (except

for Temperature), a Spearman rank correlation test was

applied to determine potential correlations between all

variables (shapiro.test and rcorr functions in the stats R

package; R Core Team; www.r-project.org). Statistical

tests were performed using R-Sudio� software. As sug

gested by Curtis and Vincent (2005), population sizes were

estimated by extrapolating mean densities to the subtidal

area (minimum area covered by water during spring tides

according to Andrade (1990)—14.1 km2). Confidence

intervals (95% CI) were estimated for each sampling event

by bootstrapping the density estimates according to Efron

and Tibshirani (1994).

Results

A total of 40 seahorses were sighted during this study at 6

sites and were absent on the remaining 10 sites (Fig. 2).

Hippocampus guttulatus was the most sighted species

(n = 33), while H. hippocampus only accounted for 17% of

the total sightings (3 in Site 9, 2 in Site 5 and 1 in Site 3

and 1 in Site 4). Hippocampus guttulatus was marginally

male-biased (54.5%). The sex ratio was not calculated for

H. hippocampus due to low numbers (n = 7). After pooling

all sites, the mean density was 0.009 (SE ± 0.005) ind m-2

for H. guttulatus and 0.002 (SE ± 0.001) ind m-2 for H.

hippocampus (Table 1). Maximum density reported for H.

guttulatus in study was observed in Site 3 with a density of

0.083 ind m-2, while H. hippocampus had the highest

density of 0.013 ind m-2 in Site 9. Population estimates

were performed based on the densities calculated for each

sampling event and are presented in Table 2.

Temperature at depth averaged 16 ± 1 �C during the

survey period. Underwater horizontal visibility was con-

sidered to be moderate as it was greater than 1 m and did

not have any negative impact on seahorse detection. Water

depth varied from 1 to 8 m. Considering the total area

Fig. 1 Location of the 16 sites

surveyed for seahorses during

2002, 2008, 2012 and 2018

Fig. 2 Map of the Ria Formosa lagoon, Portugal showing the total

number of seahorses at each of the 16 locations during underwater

visual census surveys
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surveyed (pooling all sites), bottom coverage was domi-

nated by barren areas of fine sand (* 75%), 10.6% of shell

fragments, 6.9% of tunicates, 3.8% of seagrasses (Cy-

modocea nodosa and Zostera noltei), 2.5% of Caulerpa

prolifera and 1.9% of artificial structures (Table 3). As for

relative abundance of holdfasts, shell fragments accounted

for 41.3%, tunicates for 26.8%, seagrasses for 14.8%, C.

prolifera for 6.9% and artificial structures for 1.9%. Hip-

pocampus guttulatus was sighted using C. prolifera more

often (46.9%) as holdfast, while H. hippocampus were

sighted using tunicates 42.9% of the times as holdfast

(Fig. 3).

The surveys conducted in this study recorded seahorses’

population fluctuations in comparison with previous stud-

ies. Although both species seem to have similar temporal

Table 1 Densities (mean and

maximum) of two seahorse

species in 16 sites surveyed in

four time periods in the Ria

Formosa lagoon

H. guttulatus H. hippocampus

2002 2008 2012 2018 2002 2008 2012 2018

Mean density (/m2) 0.090 0.008 0.047 0.009 0.006 0.002 0.006 0.002

Maximum density (/m2) 0.339 0.035 0.183 0.083 0.033 0.019 0.024 0.013

Table 2 Abundance indices for Hippocampus guttulatus and H.
hippocampus. (CI = bootstrap (1000x) estimated confidence limit)

Abundance indices

2002 2008 2012 2018

Hippocampus guttulatus

Mean Density 0.090 0.008 0.047 0.009

N (estimated) 1 269 000 110 156 660 937 121 172

Lower 95% CI 621 810 32 430 274 950 21 150

Upper 95% CI 1 964 130 205 860 593 046 266 490

Hippocampus hippocampus

Mean Density 0.006 0.002 0.006 0.002

N (estimated) 78 333 28 559 80 781 25 703

Lower 95% CI 25,380 5640 32,430 7050

Upper 95% CI 149,460 67,680 139,590 47,940

Table 3 Environmental variables (temperature, depth and bottom

coverage (%)) at each site observed during the survey done in 2018

Site Temp (�C) Depth (m) % Coverage

1 15 3 to 4 20% Tunicates

2 15 4 to 5 60% Shells

3 17 5 to 7 40% Caulerpa

4 17 2 to 3 30% Seagrass

5 16 4 to 5 20% Tunicates

6 14 4 to 5 20% Shells

7 16 5 to 6 20% Tunicates

8 15 5 to 6 20% Shells

9 14 4 to 6 30% Shells

10 17 4 to 5 20% Tunicates

11 17 5 to 6 20% Shells

12 17 6 to 8 30% Artificial

13 17 1 to 2 100% Sand

14 17 2 to 4 20% Shells

15 17 2 to 3 30% Tunicates

16 17 2 to 4 30% Seagrass

3%

47%

22%

3%

16%

9%

HG holdfast use (%)
Ascidia

Caulerpa

Codium

None

Shell

Ulva

43%

28%

29%

HH holdfast use (%)

Ascidia

Caulerpa

Codium

None

Shell

Ulva

Fig. 3 Holdfast use (%) of H. guttulatus (top) and H. hippocampus
(bottom) when sighted in the 16 sites surveyed during the underwater

visual census
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changes (Fig. 4), the Friedman test revealed significant

differences in H. guttulatus over time, among the 16 sites

(Friedman test, Fr = 29.37, d.f. = 3, P\ 0�0001), and no

significant differences for H. hippocampus (Friedman test,

Fr = 9.39, d.f. = 3, P[ 0.05). Post-hoc tests revealed dif-

ferences in H. guttulatus densities and no significant dif-

ferences in H. hippocampus densities (Table 4). Although

mean densities of H. hippocampus appeared to follow a

similar pattern as H. guttulatus, the fact that they were

consistently found at lower densities makes it harder to

detect significant changes in abundance.

The results of the Spearman rank correlations were

examined using Bonferroni corrections to adjust for mul-

tiple comparisons based on an alpha value of 0.05 (Fig. 5).

A significant positive correlation was observed between

HgDens and HhDens (rs = 0.53, p\ 0.0001, 95% CI),

indicating a moderate effect size and indicates that as

HgDens increases, HhDens tends to increase. A significant

positive correlation was observed between HgDens and

PerHoldfast (rs = 0.53, p\ 0.001, 95% CI), indicating a

moderate effect size and indicates that as PerHoldfast

increases, HgDens tends to increase. No other significant

correlations were found.

Discussion

This study reported a sharp decline in seahorses popula-

tions in the Ria Formosa lagoon since the last population

census done during 2010 and 2013 (Correia et al. 2015a).

When comparing data from Curtis and Vincent (2005) with

data from this study, seahorses’ populations in the Ria

Formosa lagoon were estimated to have decreased by 90%

for H. guttulatus and 67% for H. hippocampus, from 2001

to 2018. The variations in seahorse abundance are made

clear by looking at the population estimates. These esti-

mates however are most probably over-estimating the real

population size, as it is based on the subtidal area of the Ria

Formosa lagoon. In addition, Correia et al. (2018b) suggest

that seahorses rely on key environmental variables such as

holdfast availability, depth and temperature, and habitat

types that are not present in this entire subtidal area of the

Ria Formosa lagoon. Globally, previously reported sea-

horse declines were not found to be directly associated with

any particular variable (Freret-Meurer and Andreata 2008;

Martin-Smith and Vincent 2005; Masonjones et al. 2010),

while some studies found declines to be associated with

changes in habitat availability (Correia et al. 2015a; Harasti

2016). Moreover, Correia et al. (2015a) suggested a posi-

tive relationship between the availability of holdfasts

(natural or artificial) and H. guttulatus densities over time,

which is similar to the results found in this study.

After pooling all sites in the study area, most of them

(75%) were bare substrate, consisting of fine sand and

muddy flats. This is in line with the previous studyfrom

Curtis and Vincent (2005) that reported 70% of bare sea-

bed. Moreover, Curtis and Vincent (2005) reported sea-

grass as the main habitat for covered areas (58.6%),

followed by macro-algae (20.8%) and invertebrates

(17.8%, of which 3.8% tunicates). Later, in 2012, Correia

et al. (2018b) found that seahorses were likely to be present

in areas where the bottom coverage consisted of\ 20%

tunicates and[ 90% of shell fragments for H. hippocam-

pus and areas with[ 50% coverage of tunicates and shells

for H. guttulatus, which agrees with this study’s findings.

Seagrass beds have been declining over the last decades

in the Ria Formosa, with a 75% reduction in the distribu-

tion of Z. noltei (Cunha et al. 2014). Some seahorse species

have long been associated with seagrass beds as their

preferred habitat (Bell et al. 2003; Curtis and Vincent

2005; Foster and Vincent 2004; Perante et al. 1998), so this

decrease in seagrass coverage has a negative impact on

seahorse abundance, particularly for H. guttulatus (Ribeiro

2002 2008 2012 2018
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2002 2008 2012 2018
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Fig. 4 Comparisons of a Hippocampus guttulatus and b Hippocampus
hippocampus densities found during four underwater visual census

survey periods of 16 sites (d) in the Ria Formosa Lagoon. Sites and

surveys with the same lower-case letter are not significantly different

(i.e. Wilcoxon signed rank post hoc test[ 0�05)
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et al. 2006). However, seahorses have been reported to use

alternative habitats as a a response to seagrass depletion, in

particular artificial structures (Claassens et al. 2018;

Correia et al. 2015b; Simpson et al. 2019), which highlights

the capacity of seahorses to adapt to changes of natural

habitats. Moreover, a new type of holdfast was available in

Table 4 Wilcoxon post-hoc test

between seahorse density

(HG—Hippocampus guttulatus;
HH—Hippocampus
hippocampus) and the different

time periods (2002, 2008, 2012

and 2018)

Species Grouping Statistic (W) p p (adjusted) Significance

HG 2002 vs 2008 120 0.001 0.004 **

HG 2002 vs 2012 100 0.025 0.149 Not significant

HG 2002 vs 2018 117 0.001 0.008 **

HG 2008 vs 2012 3 0.003 0.020 *

HG 2008 vs 2018 17 0.944 1 Not significant

HG 2012 vs 2018 90 0.002 0.013 *

HH 2002 vs 2008 30 0.107 0.642 Not significant

HH 2002 vs 2012 34 0.442 1 Not significant

HH 2002 vs 2018 33 0.236 1 Not significant

HH 2008 vs 2012 13 0.025 0.152 Not significant

HH 2008 vs 2018 18 1.000 1 Not significant

HH 2012 vs 2018 73 0.009 0.051 Not significant

Fig. 5 Results of the Spearman

rank correlation test (rho)

between environmental

variables and seahorse densities

(TempDiff—Temperature;

DepthDiff—Depth;

PerHoldfastDiff—Percentage of

holdfast; HhDensDiff—

Hippocampus hippocampus
density; HgDensDiff—

Hippocampus guttulatus
density)
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the study area, not present in previous surveys, i.e. C.

prolifera (Correia, pers. comm.). Caulerpa sp. is a marine

opportunistic green algae with the capacity to rapidly

colonize and change native assemblages (Klein and Ver-

laque 2008) while deteriorating sediment quality (Holmer

et al. 2009). Although these algae have been sighted in the

Ria Formosa in the past (Cunha et al. 2013), this sighting

was restricted to a small patch outside the study area. The

effects of the recently reported rapid spread of C. prolifera

(Alexandre and Santos 2020; Parreira et al. 2021) on bio-

diversity, particularly on seahorses, are yet unknown.

Possible consequences of this algae proliferation event

include modifications of physical and chemical conditions

(e.g. hydrodynamics and sediment deposition) having an

impact on benthic assemblages (Deudero et al. 2014). In

addition, studies indicate a negative correlation between

the abundance of C. prolifera and C. nodosa meadows

(Pérez-Ruzafa et al. 2012; Tuya et al. 2013), which have

been reported has important habitat for H. guttulatus

(Curtis and Vincent 2005). Conversely, C. prolifera has

been reported has important habitat for fish and cephalopod

species in the Mediterranean (Koulouri et al. 2016).

Although this alga apparently provides extra holdfast

availability, future research should assess the ecological

impact on local seahorse populations.

Although this study suggests that holdfast availability

seems to be related with seahorse abundance decline, other

variables might also have negative impacts. The Ria For-

mosa bears a fairly large clam farming industry (Guimarães

et al. 2012) and coastal constructions of man-made struc-

tures such as shipyards and harbours, and regular dredging

activities. These activities are responsible for the extirpa-

tion of wide areas of seahorse habitat, such as seagrass

meadows, and therefore are indirectly correlated with

holdfast availability (Cunha et al. 2014). Additionally,

there has also been an increase in reports of illegal fisheries

in the Ria Formosa such as beam-trawling (Correia, pers.

comm.) and beach seine (Erzini et al. 2002), which are

responsible for catches of seahorses either directly or as by-

catch. Due to their destructive nature, trawling is respon-

sible for not only capturing small-sized animals, but also

contributing to habitat degradation and removal (Duplisea

et al. 2002; Stiles et al. 2010). Moreover, anecdotal infor-

mation recently reported that illegal fisheries were target-

ing seahorses for the Traditional Chinese Medicine (TCM)

trade, which was highlighted by a seizure of dried sea-

horses, in Malaga (Spain), illegally collected in the Ria

Formosa lagoon.

Every year, about 37 million seahorses are estimated to

be caught as bycatch in 22 countries (Lawson et al. 2017).

The seahorse trade is often difficult to track, as it is often

considered small-scale, both in terms of catches and eco-

nomic value, which makes it difficult to have an accurate

perception of the magnitude of the seahorse collection

(Foster et al. 2016). There is a big knowledge gap in

mapping illegal fishing of seahorses as they are mostly

unreported and are not regulated (Zhang and Vincent

2019). Illegal fisheries may be responsible for high pres-

sures on seahorse population, particularly in the Ria For-

mosa lagoon (Correia et al. 2015a; Zhang and Vincent

2019) and may be partially responsible for the population

decline reported in this study and ultimately can lead to the

local extirpation of seahorses.

To date, several mitigation actions have been proposed

and implemented to study (Correia et al. 2018a, 2014) and

recover wild seahorse populations through habitat enrich-

ment (Correia et al. 2015b, 2013) in light of key habitat

loss and degradation (Correia et al. 2015a, 2018b). Con-

sidering that seahorses have small home ranges (Caldwell

et al. 2011; Caldwell and Vincent 2013), and that Andrade

et al. (2016) reported up to 90% of recruitment found to be

located up to 500 m from the original population, any

continuous distress might seriously compromise the ability

for population recovery, which may lead seahorses to the

brink of local extirpation. In fact, extreme fluctuations

of[ 90%, as reported in this study, leaves these popula-

tions vulnerable to any additional stressors during low

density periods (Mace et al. 2008).

To avoid local extinction, other mitigation actions will

therefore need to be considered, such as the protection of

seahorse habitats (Vincent et al. 2011a); banning collection

by providing seahorses with a conservation status (Harasti

et al. 2014); the implementation of no-take marine pro-

tected areas (MPAs) (Harasti et al. 2014; Martin-Smith

et al. 2004; Vincent et al. 2007) and other restriction

policies. The benefits of MPAs for conserving marine

biodiversity are well documented (Babcock et al. 2010;

Halpern 2003; Lester et al. 2009; Roberts et al. 2001).

However, information regarding the benefit of MPAs for

conserving seahorse populations is still scarce (Harasti

et al. 2014). Seahorse species have been found to have

different levels of habitat reliance and preference (Zhang

and Vincent 2018). As key habitat characteristics have

been described for H. guttulatus and H. hippocampus in the

Ria Formosa lagoon (Correia et al. 2018b), target protected

areas should integrate these findings to ensure population

recovery.

In light of the recent decline of both seahorse species in

the Ria Formosa lagoon, it is of the utmost importance to

implement rapid mitigation actions to cope with the

emerging illegal capture and to allow for species recovery,

while continue monitoring the wild populations. The

implementation of no-access zone to allow for habitat and

species recovery in conjunction with short-term habitat

enrichment might provide the necessary conditions for

seahorse populations to bounce back from the existing
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decline trend. Local stakeholders such as major decision

makers, authorities, and socio-economic sector (e.g., mar-

ine tourism companies and local fishing communities) need

to be included in the process in order to ensure the success

and effectiveness of this action.
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