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Abstract - The messaging situation in India is on the brink, with a local platform Arattai competing with
international WhatsApp and WeChat. This comparison provides the security design, available features,
privacy policies, and strategic goals of the two products and positions them in the framework of the Indian
push towards digital sovereignty and evolving user demands. India is where Arattai stores data and
provides a username-based model, which is an alternate privacy platform compared to end-to-end
encryption on WhatsApp owned by Meta and super-app platform on WeChat being controlled by Chinese
regulators. The paper analyzes the encryption, data localization, regulatory compliance and user
experience design of each platform. In so doing, it demonstrates how the technical decisions represent
specific values and trade-offs. The results show that there is no platform that is superior in all aspects.
Rather, each of them is supreme in specific areas of priority, such as defending local data, global
interoperability, or tightly integrated ecosystem. As over 500 million Indians communicate through
messaging applications to shop, do civic activities, and communicate, understanding such architectural
differences is essential. It assists users, business, and policymakers in making wise choices that balance
the privacy, feature requirements and digital independence in the ever more connected world.
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1. INTRODUCTION

The digital communication infrastructure in India is on a critical crossroad. Having over 500 million users of
messaging applications, the platforms they use have an impact not only on convenience but also on the
location of data, ability to control access, and the ability of users to have digital autonomy in an
interconnected world. In January 2021, with the release of Arattai Messenger developed by Zoho
Corporation, a significant milestone will have been reached in the objective of India became
technologically self-reliant and data-sovereign.

Messaging applications have become more than mere text messaging tools as they have become
sophisticated ecosystems that process payments, commerce, social hetworking, and civic participation.
The latest player, WhatsApp, a product of Metq, is the leader in the market with promise to have end-to-
end encryption and global compatibility. WeChat is a super-app that is created by Tencent and it
integrates payments, services and messaging into a single platform. Arattai proposes a third model that is
Indian data sovereignty, progressive encryption, and privacy-preserving design.
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In this analysis, the three platforms will be compared on the basis of security frameworks, features, privacy
protection and positioning of the platforms in the evolving regulatory and technological environment in
India. It looks at the encryption method used by each platform, where user data is stored in physical form,
what is collected and shared by the metadata and the impact of the corporate governance on privacy
results. In addition to technical specifications, the research examines the design of user experience,
integration strategies, adoption, and the network effects that hurt new entrants and benefit existing
participants.
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Fig -1: Arattai Platform

The knowledge of such architectural decisions and trade-offs in operation assists people, organizations,
companies, and policymakers in making knowledgeable decisions. Since messaging platforms have
turned into critical digital infrastructure, the importance of alternative evaluation as a means of ensuring
the future of India and the protection of the privacy and data rights of users cannot be overemphasized.

2. OBJECTIVES
The research has a number of related goals, which deal with theory and practice.

First, it creates an extensive system to assess the security of platforms across various scales encryption,
storage of data, the ability to comply with regulations, and corporate governance, instead of the binary
system of secure/insecure. This method explains why privacy profiles vary depending on various threat
models and use cases.

Second, it puts the emergence of Arattai in the wider settings of the digital sovereignty movement of India
and technology policies development. The analysis reveals how technical platforms emerged as a
platform of geopolitical struggle and identity formation through examination of historical precedents,
regulatory shifts and nationalist sentiment to inform adoption and policy trends.

oo
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Third, it provides practical decision-making models to stakeholders, ie., individuals, enterprises,
government agencies, and civil society, by organizing platform features into unique needs and by
matching decisions with values and performance demands.

Fourth, it explores the importance of network effects, switching costs and ecosystem lock-in which develop
path dependencies that favor incumbents despite technical superiority. This aids in understanding the
reasons why newer options fail and implies the measures to defeat structural disadvantages.

Fifth, it examines the paths of the future since platforms are guided by changing regulations, sophisticated
cryptography, and changing user demands. The study can offer prospective advice to developers,
investors, and policymakers by identifying the trends in privacy-enhancing technologies, data localization,
and interoperability.

Combined these goals shed light on the intersection of technical architecture, governance, regulation, and
behavior to generate digital communication infrastructure providing insights to scholars and practitioners
alike.

3. CURRENT TRENDS
There are a number of trends that define the messaging environment of 2025.

The trend is that the laws of data localization are becoming tightening within the jurisdictions due to
sovereignty, privacy and economic nationalism. The framework of India demands sensitive personal
information to stay at the land, which provides platforms that are geography-restrictive, such as Arattai,
with a compliance advantage. International networks based on distributed infrastructure are difficult to
enforce, which leads to the discussion of the best data governance.

The privacy-first design has ceased to be a fringe concept, after the breaches, surveillance scandals, and
belt-buckler scandals. Before users adopt a platform, they now scrutinize the encryption, metadata
collection and privacy policies. This increased awareness makes basic encryption to be considered as a
minimum requirement and not a competitive advantage.

Motorization of super-app in Asia is still ongoing, with platforms integrating payments, business, services,
and messaging into one platform. A comparable model that WeChat encourages in Southeast Asia and
India is spearheaded by Paytm, PhonePe, and Grab. Western markets, on the other hand, prefer geographic
differences in platform architecture which affect competition by maintaining functions separate.

Corporate transparency and ownership are becoming increasingly effective. Zoho has a founder-
managed, venture capital-free model that attracts privacy-conscious customers. The fact that WhatsApp
is owned by Meta is subject to constant speculation. Close relations of Tencent with the Chinese authorities
have an impact on the way the WeChat is viewed abroad. These are influencing factors that shape
adoption and technical features.

The new alternatives to phone-number-based messaging are the authentication by the usernames and
privacy-performing identity systems. The design by Arattai focuses on privacy issues of telecom
surveillance and mandatory identity disclosure. Similarly featured models can be found in Signal and
Telegram, and they are indicative of a wider trend of a loosening of identity in the industry to remove
communication as a product of the traditional telecom crutcher.
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Control over the encryption backdoors is growing as governments are demanding legitimate access and
privacy advocates are having increased protection. The encryption standards, key-escrow proposals and
the way in which the platforms can collaborate with law enforcement without destabilizing security are
discussed.

Interoperability is becoming a trend, with regulatory proposals demanding large platforms to make cross-
platform communication possible. The examples include the EU Digital Markets Act that requires
interoperability with small competitors, which may even the network effects. The use of such requirements,
at the same time maintaining encryption and privacy, is still disputable.

The use of Al in messaging is gaining pace. Functionalities such as smart responses, content management,
translation and assistants require message body content, which is contrary to end-to-end encryption.
Social networks are trying out local processing and federated learning to provide smart features without
having to send conversations to the server.

The application of business-messaging is on the increase, and businesses are using messaging in
customer service, conversational commerce, and to inform them of their transactions. WhatsApp Business
APl demonstrates business worth of messaging beyond individual purposes. Such stickiness affirms other
revenue models than advertising and could facilitate sustainable and privacy-oriented options not relying
on surveillance-capitalism business models.

All these trends will influence the competitive environment of Arattai, WhatsApp and WeChat. The
assessment of the capabilities of each platform and the future development of messaging infrastructure
can be understood with the help of the macro-level developments.

4. THE HISTORICAL CONTEXT FROM SMS TO SOVEREIGNTY
To analyze modern messaging platform competition, it is essential to look at the technological and political
development that has led to the creation of the present market forces.

The first digital messaging started in the 1990s with SMS. SMS had a 160 character restriction, per message
charges and telco control. These limitations paved the way to internet-based options that would provide
unlimited messaging across the data connections. Contact lists, presence indicators, and real-time text
chat were pioneered by early systems like ICQ, MSN Messenger and Yahoo Messenger.

The WhatsApp was developed in 2009 when smartphones became popular. It provided cross-platform
messaging at no SMS cost and its fast-adoption proved that customers desired an easy and dependable
communication device that was not tied to telecom providers. This shows that Facebook placed great
strategic significance on WhatsApp by acquiring it in 2014 at a price of 19 billion. Twenty-four months on,
WhatsApp implemented Signal Protocol encryption, making it offer users privacy-defending messaging,
despite being owned by Facebook. This has been undermined by subsequent policy scandals.

WeChat developed in a different way in China. Tencent introduced it in 2011 as an all-inclusive payments,
social networking, and service application. The super-app framework was appropriate to a regulatory
setting that allowed wholesome integration of data and tracking user activity. WeChat turned into the
necessary infrastructure in Chinese digital life, which demonstrated that platform concentration can be
successful, given that the regulator does not prohibit it.

The messaging market in India started off following the trend of other parts of the world, as WhatsApp
dominated the market owing to network effects and dependability. However, there were a number of
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developments that advocated home options. To begin with, since Snowden revelations of 2013, Indian users
have wondered whether information was safe on foreign websites against the intelligence agencies.
Second, the issue of dependence on foreign tech increased as a result of geopolitical tension and
economic nationalism. Third, the 2021 privacy policy update by WhatsApp led to distrust of data practices
of Meta.

The tech ecosystem in India also developed. The examples of such companies as Zoho and Freshworks
demonstrated that it was possible to develop world-class software and stay operationally autonomous.
Technological policies like Digital India and Make in India provided institutional support to native
technology. All these reasons were the bases of domestically oriented messaging.

Arattai came with Zoho getting into messaging. Zoho was established in 1996 and developed productivity
software that focused on privacy and it did not attract venture capital that could undermine users. Arattai
was lent some credibility by that history. The data storage in India only by Arattai dealt directly with the
issue of sovereignty and the authentication of users based on usernames provided obvious privacy
advantages.

This historical development demonstrates that technical advancement, controls, geopolitics and market
maturity develop a space of new entrants that disrupt platform-established ones. The emergence of
Arattai is indicative of particular Indian realities, yet it is representative of the worldwide trends of data
sovereignty and privacy-first-designed.

5. SECURITY ARCHITECTURE DEEP DIVE

5.1 Encryption, Storage, and Access Control
Security architecture defines the actual privacy and protection that the messaging platforms provide, not
on marketing statements.

Arattai is concerned with geographic seclusion and gradual encryption. Modern cryptographic protocols
have been applied to voice and video calls, meaning that only parties will decrypt the streams through
end-to-end encryption. This secures calls by Arattai, network operators or third parties. Text messages
encryption is yet to be fully applied and this implies that there is possibly technical complexity or resource
constraint that is limiting the ability to roll it out across all types simultaneously.

There are advantages and disadvantages to the gradual deployment. First, it is more urgent to encrypt
calls when it is necessary to ensure high sensitivity of conversations. Deployment of text encryption can be
done in phases, testing and refining can be done prior to universal implementation and impose fewer
rushed vulnerabilities. Nonetheless, the short term absence of full encryption puts text messages at risk of
platform access, network interception, or server compromise during the roll out period. The user should be
aware of the current state to determine whether the platform suits him or not.

Arattai has the most distinct choice which is the India-only data storage. All user files, messages, metadata,
attachments and information in their accounts are stored on servers within India only. The servers do not
rely on external cloud providers like AWS, Azure, or Google Cloud this means that Arattai will have direct
control without reliance on foreign technology. This option has a number of security and sovereignty
advantages.

First, the Indian authorities will be able to impose the laws of data protection and investigate the violations
without the complexity of jurisdiction. When information is distributed internationally, it is hard to identify
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what law should apply and ensure global collaboration. The domestic-only storage will eliminate such
complications and give a clear legal responsibility.

Second, users who fear the surveillance of foreign intelligence will feel safe because their communications
cannot be accessed by other governments who have no jurisdiction over data hosted in India. Legal
disclosure is available to the Indian authorities, which under their legal procedures, can obtain a legal
access, but a foreign intelligence agency cannot force a disclosure under its domestic laws and
regulations. This architecture provides valuable protection to users that are primarily interested in
international surveillance.

Table -1: Feature Comparison Table

Feature Arattai WhatsApp WecChat

Origin India (Zoho) United States (Meta) China (Tencent)
Core Text, audio, video, groups, |[Text, audio, video, groups, Text, audio, video, groups,
Messaging |stories, channels status Moments
Securit End-to-end for calls; text  |[End-to-end encryption for  |[In-transit encryption; limited
Model Y encryption rolling out; all communications; global [lend-to-end; subject to
India-only data storage distributed storage Chinese regulatory access
Username-based chat, . WeChat Pay, mini-programs,
. ) . WhatsApp Business, . Y . Prog
Unique mentions page, Android TV business APl large file official accounts, integrated
Features support, no phone number . o g translator, super-app
. sharing, simplicity focus
required ecosystem
. . Yes, across mobile, Yes, across mobile, desktop, ||Yes, across mobile, desktop,
Multi-Device
desktop, TV web web
Payment . Limited (WhatsApp Pay in Comprehensive (WeChat Pa
Y . Not currently available ( ppray P ( Y
Integration select markets) central to platform)

. Extensive (Official Accounts,
Business Basic, developin Advanced (WhatsApp mini-pro (roms commerce
Tools ! PIng Business, API) . Prog '

integration)
Indiq, privacy-conscious . .
Target . . Chinag, users needing
users, professional Global, general population ||, .
Market integrated services
contexts
Data Complete (India-only China-centric with regulatory

Distributed globally

Sovereignty |servers) implications

Third-Party
Apps

Extensive (mini-program

Minimal integration Moderate (business APIs)
ecosystem)
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This table illustrates fundamental strategic divergence. Arattai emphasizes sovereignty and privacy-first
architecture. WhatsApp balances global reach with security consistency. WeChat prioritizes
comprehensive functionality over privacy isolation.

Third, the companies that are governed by Indian data localizations legislation can easily comply with a
platform that is oriented to domestic storage on the front end. Instead of retrofitting the global
infrastructure, the design by Arattai is compatible with regional needs by default, reducing the compliance
costs and complexity.

Geographic concentration, however, brings about constraints and weaknesses. Indian infrastructure
collapses, natural catastrophes or even political unrest would destroy services far more effectively than a
system with redundancy across geographical areas. International communication is less latent as
international platforms which have servers in close proximity to participants globally. Smaller server
presence compared to enormous cloud providers may limit scalability when the company is growing fast,
causing performance to deteriorate or features to be limited.

These trade-offs indicate the conflicts between sovereignty and resiliency, privacy and performance,
autonomy and efficiency. In both pairs, Arattai values sovereignty and privacy whereby he accepts
restrictions to the attainment of these objectives.

The WhatsApp security architecture focuses on end-to-end encryption of all forms of communication
through the Signal Protocol coined by Open Whisper Systems. This is to make sure that text, voice, video, file
transfer and group chat remain encrypted between the sender and receiver with no middle level.
WhatsApp encrypts information sent by its servers, which are unable to decrypt the data, and provides
substantial technical privacy guarantees against surveillance at the platform level.

Signal Protocol has had a lot of academic analysis and is highly rated in respect to its security aspects. Its
open-source nature makes it possible to perform independent verification and auditing, as transparency
creates trust instead of proprietary obscurity. This feature arguably offers the best technical privacy of any
mainstream messaging platform, where WhatsApp itself, network operators, or attackers compromising
servers will not be able to intercept the communication.

Nonetheless, even encryption will not remove everything about privacy issues. WhatsApp has access to
metadata (contact lists, participants of conversations, timestamps, and communication patterns) and
can sell them to Meta. Although metadata does not disclose the actual content of conversation, it provides
a lot of information about the social networks, how often it is used, and which are the patterns of actions
and relationships. Metadata alone can yield intelligence agencies and data analysts some important
information as witnessed in a number of surveillance programs unraveling.

WhatsApp uses a global system controlled by Meta which is located in various continents and stores the
data. This structure is the best way to maximize latency, is redundant, and serves billions of users. However,
the distributed storage complicates the compliance with the regulations since jurisdictions have diverse
data-retention regulations, user access, and government request policies. WhatsApp has to deal with GDPR
in Europe, CCPA in California, the Indian system of data protection, and numerous other national
regulations at once.

WhatsApp also releases transparency reports that describe the government information requests and the
compliance rate and provide an insight into the legal access operations. These reports indicate that there
are differences in the volume of requests, legal grounds and response of WhatsApp across jurisdictions.
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Transparency fosters trust but the real situation is that legitimate access by government is done through
legal methods where WhatsApp archives data.

Backup capability introduces safety measures. WhatsApp provides optional end-to-end encrypted
backups on the user device or cloud services that secure the contents of the backup. This feature has to
be turned on by users, default cloud backups to applications such as Google Drive or iCloud are not
encrypted and leave possible access points to cloud operators and policymakers who might force them
to reveal such information. This distinction is not clearly visible to many users, so they fail to realize that the
message encryption can be transferred to the backups as well.

WeChat does not place privacy maximization as a priority but as an element of functionality, integration,
and regulatory compliance. It encrypts the data in transit; where it secures the information when
transmitting between users and servers as well as inhibiting network interception. Unlike other applications,
however, WeChat does not apply end-to-end encryption to all types of communication, that is, it is able to
access the content of the messages on its servers.

The option makes cross-device visibility, which is required by servers, cross-device syncing, a history of
cloud messaging, content search, and features related to integrated services available, all of which
necessitate conversation content. Provided the simpler architecture is employed, end-to-end encryption
would not allow these abilities. WeChat thus values ecosystem functionality as opposed to complete
privacy isolation.

WeChat data storage is mainly on the Chinese servers and is subject to the Chinese law, which dictates
that companies should comply with the government requests, share data on national security, and perform
monitoring activities of prohibited content. This regulatory framework establishes surveillance powers that
are more unique than jurisdictions that have stronger privacy laws.

These trade-offs could be acceptable or unavoidable to Chinese users since WeChat is necessary
infrastructure. To privacy conscious non-Chinese users especially in areas where the accessibility features
of the Chinese government is a threat to privacy, the architecture poses serious issues. The international
companies that are going to use WeChat to reach the Chinese market are forced to live with the fact that
they will be communicating within this regulatory environment.

Authentication and identity management have a close connection with the general ecosystem of Tencent
and Chinese real-name registration. WeChat connects phone numbers, government IDs, payment
systems, and service accounts to one digital identity. Although there is the option of multi-factor
authentication, integration implies that WeChat can view financial data, the history of transactions and use
of the services not just in messaging.

To conclude, three philosophies of comparative security landscape are available. Arattai seeks data
sovereignty by geographic isolation together with increasing extensive encryption. WhatsApp offers a high
level of encryption and metadata disclosure in corporate consolidation and worldwide dissemination.
WeChat is comfortable with trade-offs in regard to privacy in favor of functionality on ecosystem, and
service integration, and regulatory compliance.

6. PRIVACY FRAMEWORKS AND REGULATORY COMPLIANCE
6.1 Jurisdiction, Access, and Control
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Protecting privacy goes beyond encryption to the law, organizational policies, and data storage, and
control over the use of user data. These institutional aspects determine the extent in which technical
capabilities are transformed into real privacy results.

Arattai is governed by the Indian data protection law, i.e. the Digital Personal Data Protection Act. This
framework establishes guidelines of consent, data minimisation, limit purposes, and user rights with
permission to access by government by legal process. The data storage in India, as provided by Arattai,
has explicit jurisdictional power and regulatory responsibility, on the basis of this local legislation.

Mechanisms of user control can be seen in account deletion, data exportation and privacy settings that
regulate the visibility of the messages and contact discovery. The policies of data-retention are yet to be
formulated in detail as the platform gains maturity. Opening up concerning requests by the government,
adherence levels, and challenged requests would create transparency, but probably would not be
available in full detail on this platform, which is relatively new.

The limited third-party integrations of Arattai minimize the amount of information shared with third parties,
decreasing the privacy risk of the ecosystem partners. In contrast to platforms which incorporate
advertising networks or many APIs, the closed architecture of Arattai also restricts the exposure of data to
other uses other than core messaging. This is a strategic choice that compromises the privacy control by
the virtue of extensibility.

In corporate governance Corporate governance is maintained by the Zoho founder-controlled, venture-
capital-undercapitalized structure, which assures privacy by removing external investor pressure that
could undermine the interest of users towards the growth or monetization of the company. Arattai will have
no such obligations to venture capitalists that require a rapid scaling, which means that it can
systematically pay attention to privacy and security. The governance platform provides users with
significant structural security as opposed to platforms which operate on investor motivation.

WhatsApp has to deal with multi-jurisdictional regulations that include GDPR, CCPA, India data protection
regulation, and numerous other nation-specific legislations. Compliance requires complex systems that
provide different retention regulations, user permissions, consent forms, and government access protocols
between jurisdictions. WhatsApp has elaborate privacy rules, which clarify the way data are collected, used,
shared, and stored, but with some regional differences.

The rights given to the European users by GDPR include the right to access information, to make corrections,
to delete, to have data portability, and to object. WhatsApp has technical and procedural frameworks to
fulfill these rights on the limitation of encrypted messages. However, metadata gathering and distribution
to Meta continue to cause tension in policy and regulatory questioning.

The government requests are coped with the help of legal means, and the transparency reports provide
the population with the visibility. Reportedly, there are differences in the volume of requests, legal basis, and
compliance rate across countries. The platform opposes excessively general or legally inadequate
requests as well as collaborating with legitimate and authorized process. This balance is meant to guard
against violation of privacy and yet allow the law enforcement requirements though there are varying
views about the right limit.

Although it is strongly encrypted, WhatsApp provides some metadata to Meta such as phone numbers and
device data. Although the content is safe, metadata flows allow profiling of behavior, advertisement
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targeting via Facebook or Instagram, and exploitation of commercial data. These practices of sharing are
outlined in privacy policies which a lot of users do not read or fully understand the consequences.

The privacy update in 2021 that demanded metadata of its business commmunication raised a furor and
attracted people to Signal and Telegram. The destruction of trust was permanent even though WhatsApp
later stated and changed its policy. This episode demonstrates that even with strong technical encryption,
the concerns of user privacy may be incompatible with corporate ownership and monetary gains. There
are user control features that have profile visibility setting, last seen, read receipts, and blocking features.
End-to-end encrypted backups provide optional additional security to the history stored. Data is deleted
in response to retention policies upon account deletion but originally shared metadata might continue to
exist in other systems of Meta.

The privacy model of WeChat is in compliance with the Chinese regulatory requirements such as real-
name registration, the obligation to monitor the content, and the ability to access it by the government. The
Cybersecurity Law and the associated rules establish the location of data, protection duties, and
collaboration with law enforcement. WeChat aligns these systems with technical and procedural systems.
The control over the user is provided in terms of account settings, management of the contacts and service
permissions. Nevertheless, the combination of the payment system, mini-programs, and official accounts
within WeChat forms the full digital profiles not just limited to messaging. Privacy policies state the range
of information collecting and processing, whereas range is indicative of the super-app architecture that
needs a broad access to be operational.

The government requests are conducted under the existing laws, and such requests do not imply the
transparency reporting typical of the Western jurisdictions. The unpublicized subject of the number of
requests, the legal ground, or the disputed requests indicate various political and legal cultures of
government power and personal privacy. The foreign users are forced to tolerate WeChat conversations in
this regulatory framework in which government accessing powers varies to privacy-protective jurisdictions.

Prohibited material content monitoring involves automated and manual analysis to identify and eliminate
the breach of the Chinese law or the platform policy. This surveillance necessitates content access that
cannot be supported by end-to-end encryption, which is an example of the trade-off between the
functionality of the ecosystem and total privacy. This is a condition of entry on the platform that the users
in China are accepting.

The privacy topography comparatively reflects the combination of jurisdiction, corporate governance, and
technical architecture that form different privacy profiles. The users should weigh the privacy threats that
are most important to them and select the platforms that best suit their needs, understanding that they
can never be entirely secure against all of them at the same time.

7. FEATURE ECOSYSTEMS AND USER EXPERIENCE

7.1 Beyond Core Messaging

Platform competition goes beyond security and privacy to platform breadth, ecosystem integration and
quality user experience. These aspects dictate the practical relevance of privacy safeguards where the
platforms do not have capabilities to receive or send real-life communication requirements.

Arattai has the core messaging features such as text, voice, and video communication with a group chat
feature. Tales facilitate brief exchange among the audiences who are not in a one-on-one communication.

© 2025, PUIRP | PU Publications | DOI:10.5281/zenodo.17483067 Page | 71




Partners Universal Innovative Research Publication (PUIRP)
Volume: 03 Issue: 05 | September-October 2025 | ISSN: 3048-586X | www.puirp.com

Broadcast communication facilitated by channels is one to many distribution but there is no two-way
communication. Multi-device synchronization allows access on phones, tablets, computers and most
importantly, Android TV, which provides messaging to the television interface.

The most unique feature that Arattai has left is the usage of the username-based chat system. Instead of
having to use phone numbers to establish a preliminary contact, users exchange usernames that are
similar to the social media accounts. This way puts a physical barrier between messaging identity and
telecommunications infrastructure, and allows the use of multiple accounts, work-life division, and privacy-
sensitive networking without showing contacts phone numbers.

The mentions page is where all the cases when your username was mentioned by other users in different
conversations are summarized to log notification systems of distributed discussions. This feature is useful
in community management, professional teamwork and tracking brand or individual mentions in group
discussion. The feature integrates messaging and social awareness normally divided in specialised
messaging applications.

Android TV compatibility expands messaging to television interfaces, making communication in the family
on television screens, or in business presentations that include real-time messaging, and also allows users
with large-screen interfaces to use it. Although niche, this capability displays platform differentiation with
unique use case support as opposed to smartphone-focused design.

The interface is user-friendly and easy to understand, with a traditional message format to minimize the
learning curve when it comes to users of other applications. Message threads, conversation lists, settlings
menus and attachment options have familiar layouts and cause little friction. The conservative design will
hasten the adoption process due to radical departures that demand a considerable re-training on the
users.

Nevertheless, feature matching with mature competitors is still not achieved. There is ongoing
development of payment integration, massive sticker ecosystems, state-of-the-art group management
features, and business communication features. Such a gap poses switching cost since users will have to
lose the ability to do things in order to move to Arattai. The direction of the platform will be based on the
rate at which feature development will seal these gaps without compromising on the privacy promises.

The functions of WhatsApp are focused on focusing on well-developed implementation of the basic
messaging capabilities rather than broad feature sets. Text, voice and video communication is reliable
across device, geographies and network conditions. File sharing helps in sharing of documents, pictures
and videos to up to 2GB with high compression. Group calls support up to 32 users and optimize the quality.
Status updates are brief pieces of information that are visible to a connection group of 24 hours.

The interface is highly simplistic with minimal configuration settings and short workflows in place.
Conversational immediacy is brought about by last seen indicators, read receipts (blue checkmarks), and
typing indicators which give real-time presence knowledge. These aspects increase the smoothness of
communication but raise privacy concerns to users who would like to avoid being monitored on their
patterns of activities.

WhatsApp Business allows business accounts to be verified and include profiles with the operating hours,
location, product lists of the company, and contact details. Greeting messages, away messages and quick
responses dre automated, which makes customer service less frictious to small businesses with less
intricate CRM systems. WhatsApp Business API allows more significant businesses to embed messaging in
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customer relationship management platforms, ticketing platforms and transaction confirmation
platforms.

This business functionality converts WhatsApp to a viable customer engagement channel other than
personal communication. The integration of e-commerce in the form of conversations allows the product
to be browsed, the purchase request to be made, and the payment confirmation to be provided. Customer
care is also done via familiar messaging instead of using phone calls or email to enhance accessibility and
efficiency in responding to the customer. Such business capabilities generate more stickiness and
alternative revenue models on the platform other than advertising.

Conistency in interfaces between mobile, desktop, and web versions will provide a smooth change
between mobile and desktop devices. In-app syncing of conversations occurs automatically where
messages, media and call history are available across platforms. This multi-device reliability minimizes
cognitive load and technical friction and allows natural switching of devices with changes of context.

Nonetheless, feature conservatism and incremental innovation generates an exposure to platforms that
provide unique new features. The simplicity of WhatsApp design applies to the nature of the application
that does not permit the addition of features that are likely to complicate the interface or disorient users.
This conservatism keeps the doors open but does not use innovation to make the platform unique or re-
inspire users past default inertia.

WeChat is a holistic digital ecosystem and not a targeted messaging app. Text, voice, video and group
communications are core messaging features that are similar to those of competitors. Nonetheless, a wide
range of extra functionality leads to a super-app structure that integrates several services on the same
platform.

Moments will also offer social networking services that will show photo and text updates of the people that
are in their feeds like Facebook. Users post life updates, news, and content to audiences other than a one-
on-one messaging conversation. This social stratum introduces the function of broadcasting on top of
face-to-face communication.

WeChat Pay facilitates a frictionless transaction with QR code scanning, peer to peer payments, merchant
payments and bill settlements. Financial integration of payments makes WeChat financial infrastructure
of daily transactions outside the communication domain. The users do not need to pay different apps or
physical payment but pay their meals, transportation, shopping, utilities, and services.

The mini-programs are lightweight apps that can be used in WeChat without having to download them
individually on the app stores. These mini- apps offer shopping, games, utility, reservation services, and
business capabilities that are implemented on the interface of WeChat. Mini-program ecosystem forms
closed digital environment in which it does not rely on external applications and websites.

Official Accounts allow business, media and governmental organizations to share content and service with
followers. News, updates, and other content such as media feeds are delivered using subscription
accounts. Service accounts also offer transaction facilities, customer services as well as business
operations. This infrastructure helps in managing customer relationships, content delivery and provision of
services using the platform of WeChat.

The translation is facilitated by integrated translation which assists in cross-language communication by
automatically identifying messages and then translating them. This technology is valuable in the
international business environment, multicultural societies, and the tourism industry where communication
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can take place even when there is a language barrier without the need to have separate translation
software.

This scope is represented in the consolidated interface (sections of messaging, Moments, Discover
(services and mini-programs), and Me (profile and settings)). Users tend to switch between different types
of functionality quite often, negotiating plans and also making bookings, posting content to their social
feeds, and paying without ever leaving WeChat.

Such integration makes the workflow efficient among the experienced users but augments interface
complexity and learning curves among the new users. Its breadth is the strength and weakness of the
platform as it is consolidation or specialization based on the preferences of users.

Strategic divergence is shown by the feature ecosystem comparison. Arattai offers selectively-
differentiated privacy-preserving core messaging by supporting identity via usernames, and Android TV.
WhatsApp maximizes the reliability of messages and business functionality that builds commercial
channels. WeChat unites the digital life by being highly integrated that tolerates complexity in order to be
comprehensive. Users need to weigh between the two methods and find the one that matches their
communication habits, privacy concerns, and ecosystem preferences.

8. NETWORK EFFECTS AND ADOPTION DYNAMICS

8.1 Overcoming Incumbent Advantages

The value of messaging platforms is based on network scale posing coordination problems to new entrants
despite technical excellence. The knowledge of adoption processes sheds some light on obstacles that
Arattai has to exert pressure on and methods of overcoming incumbent advantages.

Messages Network effects in messaging platforms work based on direct network externalities in which utility
grows as the number of users grows. The utility of a messaging app is determined by the number of
appropriate contacts using the same application. Better technology having low adoptions is less useful as
compared to poor technology having universal adoptions throughout the social graph of the individual.
This creates strong incentives to those who are already in place and high challenges to new entrants.

WhatsApp has an impressive installed base of more than two billion users across the world, which develops
formidable network effects. It can reach virtually every market in most cases, making the platform the
default choice in digital communication. Communication needs cooperating with the counterparties, and
users keep WhatsApp even after they understand that they do not feel safe with it or prefer other
applications. Even people who value privacy cannot contemplate total WhatsApp drop-out due to the
presence of relatives, friends, and business associates stuck in the application.

The network effect of switching costs makes it more difficult to migrate to the platform. Conversation
history, media archives and group memberships are cumulative social capital and information stored in
messaging apps. The problem of migrating to new platforms implies the reconstruction of the networks of
contacts, the loss of historical discussions, and the reformation of group structures. Such expenses
discourage change whereby alternatives have better capabilities.

In the case of businesses, the integration of WhatsApp into customer relationship management systems,
support processes, and operational communication processes results in operational switching costs in
addition to the individual user preferences. Moving on to set up infrastructure will involve technical
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migration, retraining of employees and customer notification. The negative effect of disruptive risks and
complexity of platform coordination prevents changes in the platform without strong reasons.

This is the situation that Arattai faces with the network effects and switching costs despite the technical
differentiation and privacy benefits. One person adoption does not offer much value when connected to
others on different platforms. The platform needs to transform single users to become network migrations,
persuading a group of people, professional network or community to all migrate at once. This is a
coordination problem whereby the adoption is slowed irrespective of the quality of the product.

Network effects can be addressed at several levels of adoption to overcome its disadvantage. The first
approach is that focusing on individual communities or end-uses allows one to construct concentrated
networks that reach utility with a small critical mass. Viable networks can be formed on a larger market
fragmentation by professional organizations, communities with concerns about their privacy, or regional
concentrations. The fact that Arattai appeals to the privacy advocates and the proponents of the digital
sovereignty leaves room to the local adoption.

Second, multi-platform strategies do recognize that the full replacement of platforms is not a likely
outcome. Users can have a lock of WhatsApp contacts, which they keep there when they adopt Arattai,
which is a relationship where both partners value privacy. This presence is helpful in keeping switching
costs low because there is gradual transition and not sudden replacement. Platforms are successful
because they do not control all the messaging but instead steal part of the communication traffic.

Third, there are unique aspects which generate strong arguments of dual adoption not just out of privacy
values. The username-based chat and the mentions page together with Android TV support are physical
features that make Arattai stand out. It is possible that users may use Arattai to specifically support
professional networking, community control, or family communication via the TV interface and retain other
platforms in different situations.

Fourth, network formation can be propelled by institutional coordination through the adoption of networks
by organizational means of business, educational institutions or government agencies. Network effects will
quickly emerge within the organization (when organizations enforce or promote particular platforms to
conduct internal communication). Platform technology can be adopted more widely through institutional
networks that develop when users take platform usage into their own environments.

Fifth, interoperability-based regulatory interventions may introduce a paradigm shift in structuring network
effects with a cross-platform communication. The network effects decrease when users can communicate
with WhatsApp contacts of Arattai because competition barriers are removed. Nonetheless, interoperability
with end-to-end encryption entails significant technical complexity that needs industry co-ordination and
standardisation.

Arattai has a prospective and has challenges in its adoption path. The service has been popular with
privacy-focused consumers, individuals who need to separate their identities, and companies that need
to comply with data localization. Nevertheless, to be adopted mainstream, the scaling to larger community
is necessary, outside of the communities of early adopters, to less privacy-focused technical differentiation.

Patient capital approach by Zoho allows the continued investment without exit pressure of an imminent
growth. This long-term view allows the gradual process of network creation based on quality performance
and community building instead of unsustainable practices of growth. Nevertheless, long-term investment
must have shown a momentum and market support to warrant further resource commitment.
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The network effects problem exemplifies the way market organization and coordination mechanisms limit
the diffusion of innovations of any technical merit. Good substitutes have structural advantages in
competition with poor incumbents as opposed to capability differences. These challenges can be solved
by strategic positioning, community building, differentiating features and possibly regulatory intervention
that can establish interoperability.

9. STRATEGIC POSITIONING AND MARKET SEGMENTATION

9.1 Serving Different Needs

The messaging platform environment is becoming more and more fragmented, between different user
segments, which have varying priorities instead of being brought together on common ground of universal
platforms that work well with average users. The analysis of segmentation dynamics shows sustainable
positioning strategies of platforms following different value propositions.

Users more concerned with privacy focus on data protection, encryption, limited metadata collection, and
corporate control as opposed to feature depth or integration across ecosystems. This group consists of
activists, journalists, law experts, privacy advocates, and people who philosophically oppose surveillance
capitalism. In the case of these users, convenience or functionality trade-offs are less important than
technical privacy architecture and corporate governance.

Arattai appeals to this market by focusing on India-only data storage, building in-depth encryption, user-
based identity, and Zoho corporate structure, which is free of the venture capital. The positioning of the
platform is one of sovereignty and privacy-first design that would attract users to make explicit trade-offs
in favor of control over convenience. The key to success is the transformation of privacy values into the
continuous use despite the shrinking networks and the creation of feature sets.

Signal and Telegram are competing with each other in similar sesgments across borders, and each of the
companies has a different positioning. Signal focuses on optimizing technical privacy with full encryption
and limited metadata gathering and accepts feature restrictions and lack of profit motivation. Telegram
places focus on the speed, the richness of features and optional private secret chats without sacrificing
access to the regular conversations by the server. These differences in positioning are what appeal to
different subsegments in privacy-conscious users.

General users consider reliability, simplicity, network effects, and familiar features very important than
maximizing privacy or unique functionality. This segment appreciates platforms, which simply work without
complexity or configuration under any circumstance. Default status that is achieved through universal
accessibility, is a trusted relationship, and ubiquitous adoption ensures a low cost of decision.

WhatsApp controls this sector on the basis of sophisticated implementations, complete encryption
ensuring privacy status, huge network effects, and interface uncomplicatedness. The positioning of the
platform focuses on decent world-wide communication without privacy-concessions as found in feature-
rich competitors. The established position, switching cost inertia and consistent quality as opposed to
innovation or differentiation bring success.

The business people need customer communication features, transaction features, CRM features and
professional credibility. This segment has small businesses, e-commerce, customer service organizations,
and sales entities. There is a clash between business requirements and privacy maximization because the
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business needs require archiving of messages, supervision by supervisors, and integration of the systems
that cannot support pure end-to-end encryption.

WhatsApp Business helps this group with the verified accounts, catalog features, automated messages,
and APl integration which allows engaging the enterprise with the customers. The platform provides privacy
in personal messaging in balance with business needs in commercial communication. Positioning focuses
on professionalism and business functionality in the known WhatsApp interface.

The Official Accounts and mini-programs of WeChat provide a wide variety of business operations in
super-app ecosystem. WeChat is critical to Chinese businesses in the customer access, acceptance of
payment, and delivery of services. Global companies that use Chinese markets are using WeChat to access
the markets even when privacy issues arise. Business positioning focuses on overall functionality and need
in the market. Users of the ecosystem have been keen on single solutions that bring together payments,
commerce, utilities and communication within the same platforms. This market attaches importance to
the convenience of consolidated digital infrastructure rather than specific applications in various
processes. Super-app models are attractive due to their lack of friction in terms of integrating services and
identifying it.

WeChat dominates this market in China with a full ecosystem such as payments, mini-programs, official
accounts and large third-party integration. The positioning of the platform focuses on the all in one digital
infrastructure in day to day life. Ecosystem depth and network effects between services induce deep lock-
in that leads to success. Other Indian-based applications such as Paytm are also following the same
approach by combining payments, commerce, ticketing, and communication. Nevertheless, to implement
the integration on an WeChat scale, it is necessary to overcome platform fragmentation, interoperability
standards, and regulatory frameworks that are bifurcating the services between applications. The super-
app model encounters structural difficulties within the markets where specialised applications have been
developed and have alternative regulating strategies.

Global users who need to have cross-border communication across the jurisdictions focus on the global
reachability, the strength of international connectivity, and multi-device availability. Business travelers,
diaspora groups, international families, and international businesses require platforms that are available
wherever they are across the world and not geographically bound. WhatsApp satisfies this market segment
with international distribution, uniform interface with different countries and stable international
messaging. Positioning of the platform focuses on access to everybody and global network effects that
facilitate communication at any place around the world. The geographic scope and legacy positioning
provide strengths that are not easy to overcome by the regional based options.

Local users who focus on local data storage, regulatory requirements and local control choose platform
that is developed to suit a local market. Companies that are required to have their data localized,
government organizations, and users with sovereignty preferences choose the platforms that comply with
the infrastructure and regulations on a national level. To capture this segment in Indig, Arattai focuses on
exclusive data storage in India and reliance on global cloud power. The positioning of the platform is
focused on Indian sovereignty and regulatory transparency that is attractive to organizations that need
shown local data residence. The key to success lies in the fact that data localization requirements will be
broadly deployed and users will perceive domestic control as a valuable asset to the degree that they will
eliminate the disadvantages of network effects.
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This segmentation examination reflects that sustainable platform positioning aligns competencies to
particular segment demands as opposed to aiming universal optimization. The emphasis of privacy and
sovereignty by Arattai cater to groups where the feature is more important than other factors. The ubiquity
aspects of WhatsApp are conquering the mainstream segments because of its global presence and
consistency. The ecosystem inclusion of WeChat serves the users with a focus on consolidated services.
Platforms win by controlling ones that fit their architectural decisions and not against all at the same time.

10. FUTURE TRAJECTORIES

10.1 Technology, Regulation, and Evolution

Messaging platform environment is ever-changing due to technological progress, regulatory growth,
market forces and changing user demands. Realizing new trends gives directions to platforms, users, and
policymakers of platforms to expect future infrastructure.

The future of encryption technology is in post-quantum cryptography that counters the threat of quantum
computing technology, which would crack modern cryptographic systems, in the future. To achieve the
migration to quantum-resistant algorithms, platforms, clients, and server infrastructure must all be
coordinated to implement it. Sites that initiate this transition soon will be placed in a long-term security
position whereas those who hold on will incur cost of migration in future and vulnerable time.

Zero-knowledge architectures have services where the platform has no access to data by
cryptographically allowing computation on encrypted data. Homomorphic encryption allows
mathematical operations on encrypted values without decryption which can support analytics and Al
capabilities and maintain privacy. Secure multi-party computation allocates computations among parties
without exposing inputs. Such privacy enhancing technologies may facilitate previously trade off enabling
features and privacy.

Distributed messaging protocols decrease single points of weakness and company dominance by utilizing
distributed systems. Other protocols, such as Matrix, XMPP, etc. allow federated messaging, meaning that
multiple servers communicate with each other via common standards instead of single centralized
platforms that control whole networks. Decentralization would reorganize the competition, but the
complexity of user experience and difficulties in coordination have been the historical barriers to
mainstream adoption.

Regulations around the world are shifting towards localization of data, privacy, and encryption
requirements and generate compliance burdens to the platforms that are active across multiple
jurisdictions. Indian data protection policies, the development of the European GDPR, the California privacy
regulations, and emerging global regulations have varying provisions concerning the consent, retention,
user rights, and access by the government. The platforms have to manoeuvre these divergent demands
either through geographic division or holistic compliance above basic requirements everywhere.

Network effects might radically change with interoperability requirements requiring cross-platform
communication. The Digital Markets Act of the European Union classifies large messaging providers as
gatekeepers who must interoperate with smaller providers. Details of implementation are still evolving,
especially technical specifications that will allow cross-platform messaging that is encrypted. Success
may open up the messaging markets to be democratic in that it may lower the network effect barriers;
failure may compartmentalize the ecosystem, without making actual interoperability possible.
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The use of Al is expedited by smart replies, content moderation, translation, search, and assistants which
demand different degrees of content access. Privacy-conscious Al strategies based on on-device
computing, federated learning, and differential privacy can allow smart capabilities without storing content
on centralized servers. Sites that can offer a balance between Al functionalities and encryption will benefit
as opposed to systems that have to compel users to decide between smarts and privacy.

The transformation of business messaging proceeds as the businesses implement messaging platforms
to communicate with the customers, the conversational commerce, and automated service provision.
Increasing mediated customer interactions occur through chatbots, virtual assistants, and automated
workflows. The adoption of this business generates other sources of revenue than advertising, which may
support long-term privacy-oriented platforms without resorting to surveillance capitalism.

Integrations with payments other than the Chinese implementation of WeChat have the potential to turn
messaging systems into financial systems. Messaging-based cryptocurrency-related transactions,
WhatsApp Pay, and built-in finance capabilities make platforms payment channels. Non-notwithstanding,
the complexity of regulation of financial services, security constraints, and competition with specialized
payment providers pose difficulties to messaging platforms entering into finance.

Asia could keep growing in super-app and western markets would oppose consolidation in favor of
specialised applications. Such a geographic difference in preferences of platform architecture defines
competitive strategies and market structures differently in different regions. Platforms have to make a
decision on whether to have integrated ecosystems or focused excellence with various trade-offs across
different market.

Alternatives based on privacy-first keep coming up throughout the increasing level of sophistication of
users and their privacy issues. Nevertheless, network effects cause structural obstacles that need some
special positioning, community building, or regulatory intervention to be competitive. Multiple viable
platforms serving the various segments are likely to exist and no single omnipresent dominance in the
messaging space.

The saliency of corporate governance and ownership structure as trust factors. Corporate surveillance
capitalism can be substituted by venture-capital-free platforms, cooperative ownership models, and
nonprofit foundations. These experiments of governance investigate whether there are sustainable
business models that are not based on advertising-driven monetization that entails the collection of
behavioral data.

In the case of Arattai, the prospective direction is pegged on implementation on several levels. The
deployment of text encryption will give it security parity with the competitors. The addition of features that
are equivalent to those of WhatsApp will lower the switching costs. Individual users can be changed into
critical mass with growing networks through focused community building, organizational adoption or
unique characteristics. The possible growth in the area of payments, productivity solutions, or business
services is a challenge of whether the ecosystem depth can be achieved without sacrificing privacy
principles.

Scaling with India-only infrastructure demands significant investment in domestic server capacity, content
delivery net and operation of technical infrastructure. Viability Data sovereignty architectures at scale can
be demonstrated by success; failure may push geographic expansion in threat of core differentiation.
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In the case of WhatsApp, the company must remain relevant through innovation and not incremental
innovation. The increase of privacy, the expansion of business features, the integration of payments, or
other unique features should jumpstart user excitement past default inertia. The lack of trust can be
addressed by increasing transparency, reducing Meta integration, or modifying governance, which would
help regain trust. The options of restructuring, however, are curtailed by corporate incentives and technical
constraints.

In the case of WeChat, a further ecosystem integration in China is occurring, and global expansion is
hindered by structural constraints. Privacy laws, geopolitical unrest and competition restrict expansion
beyond core markets. The platform can be locally limited as a result of technical potentials, as Chinese
infrastructure and not as an international platform. The extended message environment is turning toward
segmentation, specialisation, and regulatory complexity instead of the universal consolidation. Users
achieve choices in accordance with varying priorities and trade-offs are made in accordance with
architectural choices. Platforms are successful because of positioning clarity and segment dominance in
place of universal optimization. Regulators strike a balance between privacy protection, competition,
security, and innovation by having structures that give choice to the user and curb monopolistic abuse.

11. CONCLUSION

Comparative analysis of Arattai, WhatsApp and WeChat shows the basic truth with respect to the
competition in messaging platforms in 2025. Technical capacities, corporate systems, regulatory systems,
and market forces interact in a way that generates specific platforms that serve various priorities better
than others in all aspects. To manage this complexity, users, organizations, and policymakers should use
informed assessment of architectural trade-offs in support of particular needs and values. Arattai shows
that a privacy-first architecture and data sovereignty are able to compete with existing platforms when
implemented in a manner that resonates with the segments of users who value these features. The India-
only storage, which is undergoing the whole encryption process, identity on the basis of usernames and
independence of the corporation offer more differentiation than incremental improvement. Nevertheless,
network effects, feature disparity and resource limitation pose some difficulties that demand patient
capital, community construction and strategic positioning to surpass incumbency advantages even in the
face of technical superiority.

WhatsApp shows a long-term leadership by network effects, security competence, and universal
availability in case of erosion of trust because of Meta association. Full encryption, large-scale adoption, a
simple interface and business functionality sustain its role in the market by stopping change and not
innovation. The platform is under pressure to develop beyond security baseline and accommodate privacy
issues but has to balance integration of the corporation and user expectations.

WeChat demonstrates that the integration of the ecosystem can take control of the particular markets by
the incorporation of the utility and the services. The super-app system establishes significant lock-in in the
communication, payments, and services and tolerates privacy tradeoffs that cannot be tolerated in
regulatory frameworks that prioritize the rights of individuals over state access. The platform is successful
in its splendor when the conditions are consistent with architectural decisions and when they are limited
where they clash.

To users, it is necessary to identify priorities among the following data sovereignty, encryption, features,
ecosystem integration, and network reach, and compare platforms to these criteria and explicitly trade-

© 2025, PUIRP | PU Publications | DOI:10.5281/zenodo.17483067 Page | 80



Partners Universal Innovative Research Publication (PUIRP)
Volume: 03 Issue: 05 | September-October 2025 | ISSN: 3048-586X | www.puirp.com

off. Multi-platform strategies can be applicable to various communication situations than universal
adoption. Arattai is worth a serious consideration by privacy-conscious users despite network limitations.
WhatsApp is great because global communicators can use it and be encrypted. WeChat is a necessity
among China market players irrespective of their privacy choices. Between organizations, various
implementations give preference to various platforms depending on regulatory, customer and operational
demands. WhatsApp could be used to reach their customers. Data control could be taken advantage of
by internal collaboration using Arattai. WeChat is required in Chinese operations. Developing platform
strategies based on use case needs as opposed to forcing universal platforms will allow optimal capability
and need alignment.

To policymakers, striking the balance between national innovation support and international
interoperability, securities and privacy and competition facilitation and network consolidation involve
delicate structures. The advantage of localization of data is that it facilitates sovereignty but can divide
communication worldwide. Technical standards that retain encryption in the form of interoperability
requirements would democratize markets. The privacy laws safeguard the users yet bring about the
complexity of compliance. The best policies allow users to make informed choices by being transparent,
competition by having fewer barriers, and privacy by having technical requirements and not requiring
platform dictates. The world of messaging platforms is ever-changing in terms of technology, regulatory
progress, competition, and changing expectations. The existing dominance is under the pressure of new
substitutes, values of users, and the intervention of structures in the market. Nonetheless, network effects
generate strong inertia that demanded working execution and tactics of positioning new entrants to
viability. It is also probable that the future will have a variety of platforms catering to different segments
instead of one universal dominant system, and users will choose infrastructure that aligns with their values
and applications in fragmented ecosystem.
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